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Berbice Interconnected System

Billion Oil Equivalent Barrels

Build, Own, Operate, Transfer

Balance of System

Building Research Establishment Environmewtséessment Methodology

British Thermal Unit

Commission for Architecture and the Built Environment
Compounded annual growth rate

Capital Expenditure

Caribbean Caovmunity Secretariat

Castalia Strategic Advisors

Combined Cycles Gas Turbines

Commonwealth Development Corporation

Chief Executive Officer

Capacity Factor

Circulating Fluidized Bed

Circulating Fluidized Bed boiler

Compact Fluorescent Light

Cost, Insurance arfereight

Compressed natural gas

Carbon Monoxide

Carbon Dioxide

Coefficient of Performance

Commonwealth Science Council, London & TERI
Caribbean Sustainable Energy Roadmap and Strategy
Development & Expansioprogranme in GPL

10



DBIS
DC
DCEO
DG
DIS
DO
EBITDA
ECELP
EE
EEI
EEO
EEPS
EIA
ENS
EPE
ESBI
ESCo
ESIA
FOB
FSRU
FSRU
G$
GDP
GEA
GEPS
GFC
GGGl
GGMC
GHG
GHI
GIS
GoG
GOl
GPL
GRDB
GT
GTM
GUYSUCO
GW
GWh
GWp
HC
HECI
HEPS

Demerara Berbice Interconnected System
Direct current

Deputy Chief Executive Officer
Distributed Generation

Demerara Interconnected System
Dissolved Oxygen

Earnings Before Interest, Tax&epreciations and Amortization
East Caribbean Energy Labelling Project
Energy Efficiency

European Union Energy Efficiency Index
Energy Efficiency Obligation

End-User Economic Potential Scenario
Energy InformatiorAdministration
Energy not served

Brazilian Research Energy Company
Electricity Supply Board International
Energy Services Company

Amaila Hydropower Environmental and Social Impact Assessment
Free on Board

FloatingStore and Regasification Unit
Floating storage and regasification unit
Guyana dollars

Gross Domestic Product

Guyana Energy Agency

Generator Economic Potential Scenario
Guyana Forestry Gomission

Global Green Growtlnstitute

Guyana Geology and Mines @anission
Greenhouse gases

Global Horizontal Irradiation

Geographic information systems
Government of Guyana

Guyana Office for Investment

Guyana Power and Light Inc.
GuyanaRice Development Board

Gas Turbine

Greentech Media

Guyana Sugar Corporation Inc.

Gigawatt

Gigawatthour

Giga Watts peak

Hydrocarbon

Hinterland Electrification Company Inc
Hydroelectric Power Survey of Guya(ontreal Engineering Company)
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HFO
HHV
HOMER
HPS
HV
HVDC
Hz
IADB
IBRD
ICT
IDA
IE1
IE2
IE3
IEA
IEC
IEEE
IMF
IPP
IRR
ITCZ
KUI
kv
kVA
KW
KWh
KWp
LAC
LCOE
LCOES
LECI
LECI
LED
LEED
LFO
Im
LMPCI
LNG
LPG
MBTU
MMCFD
MM BNGL
MM BO
MM TPA

Heavy Fuel Oil

heat rate

Hybrid Optimization of Multiple Energy Resources
High Pressure Sodium Lamp

High Voltage

High Voltage Direct Current

Hertz

Inter-American Development Bank
International Bank for Reconstruction and Development
Information and Conmunications Technology
International Development Association
Standard Efficiency Class for Motors

High Efficiency Class for Motors

Premium EfficiencyClass for Motors
International Energy Agency

International Electrotechnical @omnission
Institute of Electrical and Electronics Engineers
International Monetary Fund
Independent Power Producer
Internal Rate of Return

Inter Tropical Convergence Zone

Kwakwani Utility Company

Kilo volt

Kilovolt amp

Kilowatt

Kilowatt-hour

Kilo Watts peak

Latin American and Caribbean countries
Levelized cost of electricity
Levelized cost o€lectricity saving

Linden Electricity Company

Linden Electric Company Inc.

Light Emitting Diode

Leadership in Energy and Environmental Design
Light Fuel Oill

Lumen

Lethem Power Company Inc.

Liquefied Natural Gas

Liquefied Petroleum Gas

Million British Thermal Units

Million cubic feet gas per day

Million barrels of natural gas liquids

Million barrels of oll

Million metric tonnes per annum
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MOGAS
MOU
MPL
MPP
MRPL
MSM
MW
MWh
NAMA
NASA
NETWWT
NG
NGL
NGV
NICIL
NOx
NREL
O&M
(O]}
OoBMiI
OECD
OoLS
OPEX
OPM
ORV
PANMAX
PKPL
PM
PPA
PSI
PUC
PUCA
PV
PVPP
PWC
R2

RE
REETA
ROW
SDDP
SEER
SEIA
SHW
SiO,

Abbreviation for motogasoline

Memorandunof Understanding

Mahdia Power and Light

Maximum Power Point

Matthew's Ridge Power & Light Inc.

Medium Speed Motors

Megawatt

Megawatthour

Nationally Appropriate Mitigation Action
NationalAeronautics and Space Administration

North East Trade Winds

Natural Gas

Natural Gas Liquids

Natural gas vehicles

National Industrial And Gmmercial Investments Limited
Nitrogen oxide

National Renewable Energyaboratory

Operation & maintenance

Oxygen

Omai Bauxite Mining Inc

Organizatiorfor Economic Ceoperation and Development
Ordinary Least Squares

Operational expenditures

Office of the Prime Minister in Guyana

openrack vaporizers

One of the terms for the size limits for ships traveling through the Panama Cana
Port Kaituma Power and Light Inc.

Particulate matter

Power Purchase Agreement

Pounds per square inch

Public Utilities Canmission

Public Utilities Canmission Act

Photovoltaic

PV power plant

PricerwaterhouseCoopers

Coefficient of determination

Renewable Energy

Renewable Energy and Energy Efficiency Technical Assistance
Right of way

Stochastic Dual Dynamic Progmnaning model developed by PSR Inc.
Seasonal Energy Efficiency Ratio

Solar Energy Industries Assaociation

Solar Hot Water

Silica contents
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SME
SO,
T12
T5

T8
TED
TERI
TPS
UNFCC
UPME
Us$
VDC
VHS
VPN
VSD

WACC
WB
Wdc
Wp
WTI

Small to Medium Sized Enterprise

Sulfur Dioxide

Tubular Light fitting with diameter of 12 eighths of an inch
Tubular Light fitting with diameter of 5 eighths of an inch
Tubular Light fitting with diameter of 8 eighths of an inch
Technology, Entertainment and Design

The Energy an®Resources Institute

Technical Potential Scenario

United Nations Framework Convention on Climate Change
Unidad de Planeacion Minero Energetica (Colombia)
United States dollars

Voltage in Direct Current (DC)

Video Home System

Virtual Private Network

Variable Speed Drive

Watt

Weighted Average Cost of Capital

World Bank

DC Waitt

Watt peak

West Texas Intermediate, also known as Texas light sweet
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°C
°F

GW
GWh

kV
kVA
KW
KWh

mps

MWh
sec
ton

Degree Celsius
Degree Fahrenheit
gram

Gigawatt
Gigawatthour
Joule

Kilo volt

Kilovolt amp
Kilowatt
Kilowatt-hour
Hectare

Hour

Kilogram
Kilometer
Square kilometer
Liter

Liter per hour
Meter
Squaraneter
Cubic meter
Cubic meter per second
Mega Joule

Million British Thermal Units

milligram
millimeter

meter per second
Megawatt
Megawatthour
Second

Metric ton

Inthisstudy, S$0 r e fniged3atesdollardd n d

NOTE
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In order to identify guidelines for the development of the most adequate electrical infrastructure for
generation and trsmission expansion in the country, the ldeme r i can Devel opment Ban
conducted in 2014 an Initial Study on System Expansion of the Generation and Transmission System of
Guyana (Al nitial Studyo) .

An update of the | ni%$tady Snmussgreedbf RDBINGOCtELeri2@lh si o n

to: (i) reflect changes resulting from the variation in the prices of fossil fuels; (i) refine the findings from

the I nitial Study by updating the anal gnsthe wi t h
expected investments from the utility in the coming years; (iii) explore alternatives for the development

of renewable energy (AREO) generation technologie
Efficiency (AEEO) emepadiabuildisgs, industry nesidemial sectar and Small

and Medium Enterprises (ASMEO) ; and (v) select th
action plan for its execution. The final report of the Guyana Power Generation Expansiomw&sudy

completed in June 2016.

Despite that the 2016 expansion program provided by the 2016 Expansion Study was built considering

the development of thermal power plants, it was planned to do so with the use of imported Natural Gas.
Currently, this has chaed with the recent discovery of indigenous natural gas reselexidition to

this, the expansion program providedthe 2016 Expansion Study neededbe updated in order to

present a realistic and robust consideration for the future developmemnieofatde energy generation
technologies (ARETsO0) in sustainable manner and e
This will provide clarity on the future National RE strategy.

This study (A2018 Update St uSltywwdy ,i sf obcausseidn go no nt hGF
network with emphasis on the power expansion of the Demér&erbice interconnection system

(DBIS)?. It includes indepth revision and analysis of RE technologies and natural gas fired generation

options. It also include a preliminary socienvironmental impact and risk analysis of the issues
associated with the candidate generation technologies and an analysis of the current regulation in order

to reach regulatory policy resomendations to foster RE generation technolegie

The objective of this study is to update the 2016 Expansion Study in order to: (i) reflect changes in demand
assumptions resulting from the expected oil revenues; (ii) reflect changes resulting from the use of
domestic naturalas in electricity generation; (i) further refine the findings with any recent information

from GPLO6s power system, and the expected invest
transmission and distribution; (iii) refine alternatives for the dgwaknt of renewable energy generation

( RE) technol ogi es (when possi ble per project) w

1 Following the recent oil discoveries byX¥on Mobil, of approximately 2.75 billion egquivalent barrels offshore
Guyana, the country is poised to become a major oil producer in the Region-B§20idMoreover, the availability

of indigenous natural gas resources associated to future oil poodisoestimated at between 30 to 50 million cubic
feet per day, a sufficient volume to alter the predominantlydilédased electricity generation matrix.

2This study is focused in the Demerd&arbice interconnected system (DBIS). Therefore, thisystaks not
analyze the overall neimterconnected regions of Guyana with the exception of Linden and Mining Industries
regions that are located in the area of influence of the optional hydroelectric projects.
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Development StrategfGSDS) and (iv) select the most favorable generation program and develop an
action plan for its execun up to 2035.

The studydevelos an updated optimal generation matrix per project with a timeline up to 2035.

This report contains findings, approaches and advances in the different topics nemadgzmin a
comprehensive maen, the development of generation infrastructure in Guyana, specifically in its main
grid (DBIS) with consideration of the potential inclusion of the Linden network; it includes the results
obtained in the following activities:

Updated Projections of Electicity Demand. This activity considered available projections of electricity
demand and the basis of their formation. Both economic and population growth forecast for the country
were considered, as well as the increase in electricity service coverageamdtprices of alternative
energy, and other variables or parameters that constitute "drivers" of future electricity consumption in
Guyana. The update uses the new available forecasts for the economic growth of Guyana considering the
significant new futte Oil production in the countrAlso, in consideration of the GSDS, the electricity
demand forecast includes an estimation of the potential demand for electricity transportation in Guyana,
which is included in the high demand growth scenario.

System Ideriification of Existing Generation - Transmission systemThis activity entailed research
and inventory of the basic technical characteristics such as capacity, availabilivatbgagpe of fuel
used, among others, including the remaining service life and current state of existing powean plants
DBISand GPLO6s transmission infrastructure.

Price Scenarios and Conditions for the Supply of Fuel for Electricity GenerationFuel price
scenarios were evaluated in order to set prices and conditions that would apply to the fuels used to
generate electricity in Guyana. Information was obtained for current fuels used for power generation by
GPL including indigenous natural gas available ftbmoffshore oil production. Price forecasts for liquid

fuels Heavy Fuel Oik HFO andLight Fuel Oil- LFO) were based on international fuel prices scenarios
recently published by the Energy Information Administration (EIA, Anritraérgy Outlook 2018).
Natural gas prices were estimated using the exper@neellhead pricesf other natural gas producing
countriesand available estimations on its offshtareelized transportation costs

Analysis and Costs of Options for New Power Plantd.his task idenfied the power generation plants

that may be considered as candidates for system expansion and their investment costs in generation and
transmission infrastructure and Operation & Maintenance (O&M) costs, namely: i) hydroelectric power
plants (the same fivrepresentative hydroelectric projects identified in the 2016 Expangidg)Sii)

thermal power plants usirigiuid fossil fuels and natural gas; iii) power plants using-comventional
renewable energy sources (wind, solar, bagasse, rice husk andregidues). Levelized costs of
electricity (LCOE in US$/MWh) associated to the conventional and-comventional options were
estimated.

Methodology: Models, Expansion Criteria, Operating Criteria. This sectiondescribes the model

applied in the study tosgablish the most economical expansion of the power system of Guyana. This
includes its mathematical formulation.
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Definition and Selection of Scenarios: Demand / Supply / Fuel Price$his activity presents the
scenarios of interest to study demand foses;asupply options and fuel price levels, for which the {east
cost of power expansion was established.

Modelling and Analysis of the Optimal System ExpansionThis activity calibrated and applied the
models in order to establish the system expansion ledstIinvestment, Fuel, O&M and neserved
demandcostsassociated with the scenarios of interest. The results obtained are presented in graphical
and numerical form in order to facilitate the generation expansion analysis.

Verification of the Technical and Economic Robustness of the Results ObtainetVith the results
obtained for the optimal generation expansion for each of the scenarios of interest, and additional
sensitivities that analyses the results to variations in the main parameters invohesdvaltfation, this
activity verified the technical and economic robustness of the results.

Energy policy and regulation. Analyze and make recommendations on energy related regulatory and

policy issues including the analysis of: composition of electriaitijfs. Analyze the capacity of existing

regulatory and policy entities to deal with the transmission, distribution and utilization of power generated

by domestic natural gas, together with the promotion of RETs as part of a Green State development
stratey. Here we prepare a thorough analysis of the current regulatory framework that includes an
assessment (with recommendati ons) of the adequacy
supporting and regulating the development of RE, distributed asoernatural gas generation and EE

with private sector participation.

Preliminary socio-environmental impact and risk analysisof the issues associated with natural gas
power generation technologies, as well as an estimation of carbon emissions reduction as consequence of
the proposed generation technologies.

Action Plan. Taking into account the results obtained from all previactvities select the most
favorable power generation mix and propose an action plan (including recommendations) for its
execution.

The results of these activities are covered in this report in the following chapters:

Existing Generation Transmission sstem (ChapteB)

Update of the electricity demand forecasts (Chagter

Fuel prices (Chaptés)

Options for new power plan{€hapter6)

Generation expansion optimization model (Chapyer

Optimal expansion of DBIS (Chapt8y

Anal ysis of Guyanabs power Q9ector Policy and r ec
Preliminary socieenvironmental impact and risk analysis (Chapft@r

Action plan for the modavorablepower generation mix (Chaptet)

E R
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The obgctive of this study is to update the 2016 Expansion Study in order to: (i) reflect changes in demand
assumptions resulting from the expected oil revenues; (ii) reflect changes resulting from the use of
domestic natural gas in electricity generation; fiifther refine the findings with any recent information

from GPLO6s power system, and the expected invest
transmission and distribution; (iii) refine alternatives for the development of renewable energy generati

( RE) technol ogi es (when possi ble per project) w
Development Strategy; and (iv) select the most favorable generation expansiompegnad develop

an action plan for its execution up to 2035.

The terms of rierence of the study are providedAppendix Q.
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This section of the report briefly descritibe current situation of thpower generation and transmission
systems in Guyana, as well as a general overview of the current distribution system.

As previously stated, the foswf this study is in thBemerara Berbice Interconnected SystdDBIS)

system. TheConsultanglso cosidered Linden interconnected to DBIS in casentidisizehydro plants

are built in the interior of Guyana and/or Arco Norte project (interconnection of Guyana, Northern Brazil,
Suriname, and French Guyana power systems) is developed, as a new trandmesgwhich would

pass near Linden) would be needed to supply power from such plant(s) toAMRISn the case of the
Kumarau hydroelectric power plant it was included the regional market associated to this project,
consisting mainly in the mining dustries of Aurora and Toparu.

The power sector in Guyana has the followmnain policy and regulatorinstitutions: The Ministry of
Public InfrastructurgMPI), the Guyana Energy Agency (GEA) and theblie Utility Commission
(PUC).

The Ministry of Public Infrastructure is in charge of the following matters: energy, hydropower, utilities,
hinterland electrification and el ect (of Agenties)i nspect
regarding the power sectare under its direction: GEAGPL, PUC, the Hinterland Electrification

Company Inc (HECI) antheElectrical Inspectorate.

Its key responsibilities, among others, include the planning, creation and maintenarajergbuhlic
civil works infrastructure throughout Guyana.

The Guyana Energy Agency Act of 1997 (amended in several opportunities), establisB&d\tvith

the following functions: i) advise and make regoendations to the Minist regarding efficient use of
energy resources; ii) upon the request of the Minister, develop a national energy policy and secure its
implementation, directly or through other persons; iii) secure the efficient use of energy.

GEA is directed by a Chief Egative Officer (CEO) and a Deputy Chief Executive Officer (DCEQO)

appointed by the Ministeesponsible for the energy sectbhere is an Energy Agency Board formed by

CEO and DCEO and other three memlaggointed as wellby thdi ni st er fAf rnmemtala mong ¢
and private sector organizations or institutions with a particular interest or expertise in matters of energy
policyo wisBaar ofDieectorse Bhbliani st er is the maxi mum GEA®Ss
give to the Agency directions abouetpolicy to be followed.

The Public Utilities Conmission (PUC) is a corporate body with members appointed by the Minister for
a threeyear period. It covers a wide range of public services like electricity, taleanicatons, water

3 Later on in this chapter, the Consultantdedis DBI1 S and explains the difference
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supply, transportation, etc. In relation to the electricity sector, the PUC shall be bound by, and shall give
effect to, the GEA Act and the ESRA. This body is ruled by the PUC Act (PUCA).

Chapter 9 includes a detailed presentation of the &ghinstitutional framework of the energy sector in
Guyana.

The main regulatory elements for the power sector are defined in the four)Abtss GEA Act, which
defines the scope of energy polidy;the Electricity Sector Reforict, which defines the scope of the
electricity public services, the licenses lodependent Power Producers &mel scope oits annua) five

year and long terrplans;iii) the Hydro Electric Power Act, which defines the scope of licenses for hydro
geneation; and finallyjv) the PUC Act, which defines the procedures for approval of plans and tariffs.

GPL6s | icense, granted in 1999, includes power ge
governing Acts already mentioned, the License includlest Envi r onment al Protecti or
License includes several rules related power acquisition prices and rates.

Chapter 9 provides more details on the regulatory framework of the power sector in Guyana.

TheGuyana Power and Light Inc.(GPL) is the main official supplier of electricity in Guyana, with its
franchise area encompassing all three counties of
comprise generation, transmission, and distion activities and it is authorized to purchase power from
Independent Power Producgi®Pg. GPL is a state owned company, which generates most of the
electricity in Guyana with its own power plants, and also buys wholesale electricity from Guyamna Sug
Company (Guysuco) in order to supply electricity to DBIS system (and Essequibo region, which is
isolated from DBIS).

Hinterland Electrification Company Inc. (HECI) is a company wholly owned by the Government of

Guyana. Its mission is to maintain theagte extension and upgrade of electricity supply systems across

the hinterland, progressively improving operations and merging isolated services as appropriate. HECI

owns several small minigrids/microgrids that serve isolated communities. It currently enatag
Government 6s Hinterland Electrification Progr amme
Sustainable Energy Programme for Guyana with loan support through th@rnmeeican Development

Bank (IDB), to promote renewable energy development inaBay

Other power companies that operate in the power sector in Guyana located in the hinterland areas and
which receive subsidies from the GoG are:

1 Linden Electric Company Inc. (LECI): Generation and distribution of electricity to Linden. This
company isfully owned by the National Industrial and @oercial Investments Limited (NICIL)
which in turn is a fully owned company of the Gagad purchases all its electricity fro®mai
Bauxite Company (owned 70% Chinad€aoMinerals Incand 30% Government of Guyan

4 Financials and subsidiaries of NICIL found at: http://www.privatisation.gov.gy/nicil/financials.
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1 Kwakwani Utility Company (KUI) : Incorporated in January 2005 to supply of electricity and water
to Kwakwani and surrounding areas and is owned by NiCIL

1 Lethem Power Company Inc. (LMPCI): A wholly owned subsidiary of National Industrial and
Commercid Investments Limited witHicense (expiring in December 2014) to supplyenerate,
distribute and supply electricity in Quarrie Creek in the South, Manari Creek in the North, Kanuku
Mountain Range in the East and Takatu River in the West of Refjion 9

1 Matthew's Ridge Power & Light Inc. (MRPL): This Company is fully owned by NICIL and
operates i n Mat t meuntd withiRthedBgrienaWaiai region afiGllyana @Region
1) with manganese mining potential. Information about size and infrastroéthleecompany is nen
available on NICIL nor on public sources. Most power in the region is supplied fyeselfators.

1 Mahdia Power and Light (MPL): Supplies of electricity to the Mahdiaroounity and surrounding
communities in Region 8 with around 5@Wistomers. The company is owned by NICIL. Installed
capacity of abou750 kVA in one generating set

1 Port Kaituma Power and Light Inc. (PKPL): Supply of electricity to the Port Kaitumaraounity
and is owned by NICIL.

As mentioned,GPL is the main official supplier of electricity in Guyana with its franchise area
encompassing all three counties of Demerara, Berbice and Esse@®baupplies all its domestic
customers with voltage ranging from 110 to 2@@ts dependig on the area. Prior to 1st October 1999,

the Company, then named the Guyana Electricity Corporation was wholly owned by the Government of
Guyana. A 50/50% equity partnership was established between the Government of Guyana and a
consortium comprising theommonwealth Development Corporation (CDC) of the United Kingdom and

the Electricity Supply Board International (ESBI) of Ireland which brought into being the new Company,
GPL. This partnership dissolved in April 2003 and GPL reverted to 100 percent bipnieysthe
government and people of Guyana. This arrangement still stands at present.

GPL is the owner of thBemerara Berbice Interconnected Sys(BIS), a 60 Hz interconnected system
that connected Demerara region with Berbice Regio9 kVin June P14. Essequibo region, served
also by GPL, is not connected to DBIS.

GPL has a regulated monopoly in the transmission, distribution and sale of electricity on the Coast of
Guyana where about 90% of its popul arityinikegionZsi des .
up to Moleson Creek in Region 6. The islands of Leguan & Wakenaam, in the Essequibo River, are
powered by GPL as well.

As of December2017, GPL has 188,664 customerg90.9% residential, 8.6 canmercial and 0.4%
industrial)andgrosssalesof G$32,743 million (US$ 158.2 million). Such sales are equivalent to 555.3
GWh (47% residential, 18% pumercial and 35% industrial'he installed capacityn DBIS is 172.2
MW and available capacity 185.9 MW. GPL’s gross generation was 809,411 16M/2017 (Essequibo

5 http://www.privatisation.gov.gy/documents/financials/KUI/KU1%202011.pdf.

5 Electricity toLMPCI used to be provided by Moddoco 0.5MW (located in Region 9) hydro plant before 2003,

when it was destroyed by a landslide in July 2003. The Ministry of Public Infrastructure in January 2016 started to
seek proposals to rehabilitate and operatd/iieo-Moco Hydropower, to be operated under a Build, Own, Operate,
Transfer (BOOT) arrangement in order to supply power to Lethem Power Plant under a negotiated and agreed Power
Purchase Agreement.(http://www.electricity.gov.gy/index.php/requiestexpresmons-of-interestmocomoco

hydro).
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region 41,683 GWh)GPL had a high level of transmission and distribution lossed @¥n comparison

to other utilities in the regioln 20179 0 % of GPLO6s gross generation ¢ ame
fired reciprocating enginend 10% from Light Fuel Oil (LFO) fired in reciprocating engir@sing the

bagasse generation participation null in this year givenutia&ailability of the Guysuco cogeneration

power plantGPL has a 40 MW PPA to purchase energy generated by sugdragmssand HFOfrom

Guysuco (whiclowns a 30 MW bagasse cogeneration plantaso has 10 MW reciprocating engines

fueledby HFO), although historical availability of such PPA has been low.

3.5 Areas of electricity service and system topology

GPLOs iedtyecsystem is concentrated on the Guyanaos
concentrated having electricity service coverage of over 90%, where it covers three different areas:
Demerara, Berbice and Essequibo. The company has four main subsystBeradérara Interconnected

System (DIS), (ii) Berbice Interconnected System (BIS), (iii) Essequibo Coast and (iv) Essequibo Islands.

The Demerara Interconnected System (DIS) and Berbice Interconnected System (BIS) were
interconnected in 2014 with the compdet of the SophiaOnverwagt transmission link 73.8 km of 69

kV which also linked substations Columbia and Good Hope. Such system is nowadays known as the

DBIS (Demerard Berbice Interconnected System).

Main power plants connected to DBIS are the diesrkgating units located at the Kingstdtieeden
Hoopand Garden of Edesubstatios, which supply the Demerara area and the generating units of the
Skeldon, Canefield and Onverwagibstatios in Berbice areaFigurel provides an overview of the
existing DBIS GenerationTransmission (&) system

Figure 1. Existing DBIS generation and transmission system
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O Existing generation

SourceConsultantith GPL information
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Essequibo region is not connected to DBIS and has generation capacity owned by GPL of 15.8 MW
(Leguan, Ana Regina, and Wakenaam). There is a power plant of about 18 MW connected at Linden

owned by Bosai Bauxite Company from which LECI ghases power apart from supplying power for

Bosai

As

of

0s

mi ning

December

2017,

DBI S0s

ioafs@ a sdll isaated systeme o n o r a

generating i

nstall

operative) distributed in 117.8 MW (114.5 MW effective & operative) in Demerara and 54.4 MW (21.40
MW effective & operative) in Berbice. GPL's generation system is a mix of relatively olespegd
diesel unitsfueledby LFO, and relatively new mediuspeed diesel unitéueled by HFO. However,
within very recent years the proportion of relatively new HFO units has increased significantly and their

capacity now constitutes a majority of the GPL sydtestalledcapacity. Also, in the Skeldon substation

there are 2x15 MW steam turbines (included in the tables) owned and operated by the Guyana Sugar
Corporation (Guysuco), a state owned company, which uses sugar cane bagasse as main fuel, that today

are not in operation due to technical difficulties. Guyswewell owns 10 MW in reciprocating engines

supporting a Power Purchase Agreement (PPA) with GPL (capacity included in the fizddkxgpy

HFO.

Tablel summarizesthe generatin capacityof DBIS as of 207.

GPL recentlyinstalleda 3x8.7 MW HFGfueledWartsilareciprocating engines at Vreed en Hoop (DP4),

Table 1. Sunmary of generation capacity per region on DBIS system (MW)

Installed Capaci Efective &
LOCATION & POWER PLANT (T‘-'Imap ¥ Operative (MW) Fuel Type
DEMERARA
FPD I Garden of Eden Station 22.0 2.0 HFO
Garden of Eden Power Station 11.0 8.0 LFO
FPDIKingston 1 Station 22.0 2.0 HFO
FFDIKingston 2 3tation 1Nl 36.3 HFO
FFDIVreedenhoop Station 6.2 26.2 HFO
SUBTOT AL 117.8 114.5
EEREBICE
Skeldon Energy Inc (SEDL 2 10.0 10.0 HFO
Slkeeldon Biommass Cogen 30.0 0.0 Baggsse
Onwerva gt Power Station 4.1 37 LFO
Canefield Power Station #3 55 4.2 HFO
Canefield Power Station # 10,11,13 4.8 33 LFO
SUBTOT AL 544 21.4
TOTAL DEIS 172.2 135.9

Source: GPL, data aggregated by the consultants

in West Bank Demerarandis developinga short term expansion Garden of Eden in East Bank

GPL currently perates to a deterministic capaaitgrgincriteria

GPLOS

cri

teri

on

to

capaciy requirements (difference between peak demand and installed capacity in MW) is the sum of the

sizes (in MW) of its two largest units. According to this criteria, with the completion of Wartsila units at

Kingston in 2011 and West Bank Demerara in 2014dbgired reserve margin is 17.4 MWhis criteria
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is beingsubject to further analysis considering probabilistic indicators, as the Loss of Load Probability
and economic cost of neserved electricityastypically analyzed and applied in other systéms

Power Purchase Agreement between GPL@ugsuco

GPL has just one Power Purchase Agreement (PPA) at present, with theastatesugar producer,
Guysuco. GPL is purchasing surplus power, and Guysuco is not an IPP per se. GPL is purchasing 6.2
GWh per mortt from Guysuco; partly from the bagagsed cogeneration plant, and partly from

Gu y s uWanddasdiesel generators. The rates are as follows: a) from the cogeneratidn 4ldst
cents/kWh; b) from the Wartsila dies&l2 UScents/kWh, with GPL supping the HFO. The agreement

is expected to continue indefinitely. From 2012, a minimum of 50% ofy s uconuminsent has to

come from the cogeneration plant, and the remainder from the diesel units. In the recent past there has
been an operational problesh the cogeneration plant, which has meant that all the power exported to
GPL has come from the diesel uni&uysucoguarantee to deliver 8.0 MW continuoudsiromGP L 6 s
License a maximum of 10.0 MW can come from an IPP without having to hold a teAdgsucois
committed to delivering 70,000 MWh per year, with provision to supply extra energy but at half the rates.

In December 201the bagasseogeneration [pntincluded in the sugar plamtas closedlue that it did

not worked as originally planneshdthe GoG is planning to divestom Guysucoand privatize the
Skeldon plantincluding the bagasse cogeneration plahtle PPA is served nowadays with the 10 MW
gensets whiclveredivesktd to another GoG independent company

None of the thermal units in Linden system are owned or operated by LECI, power is purchased from the
owneri BOSAI Bauxite Company (which owns about 18 MW of power generation capacity). BOSAI
Bauxite Company has an exttion capacity of 1.2 million tons of bauxite ore a year, and an annual
output of 350,000 tons of bauxite processed.

Table2 shows the gegration installed capacity in Essequibo Region (owned and/or operated by GPL)
which is not interconnected to DBIS system but does require capital expenditures and operational
expenditures in GPL annual plans.

" For example it would be convenient to evaluate these indicators in 2016 for which the reserve margin over annual
peak demand was 27.0 MW, in comparison of the reserve margin d¥8.8orresponding to year 2017.
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Table 2. Sunmary of gereration capacity in Essequibo region (MW)

Installed Capacity
LOCATION (MW)
Bartica 6.4
Leguan 1.2
Wakenaam 1.0
Anna Regina 7.2
Total 15.8

Source: GPL 208

GPL is considering to install additioralf MW HFO gensetin Garden of Eden and for this study it was
assumed that the Skeldon bagasse cogeneration power plant (2x15 MW) will be refurbished by a new
investor, as well its connection capacity will be expanded by GPL, in order to supply to DBIS 13.5 MW
from this c@eneration plant after 2021 (in addition to the 10 MW existing diesel geneoptoated by

a separated GoG company

Unit Mirrlees # 4 in Canefield has been considered alreadynateissioned. And the rest of old units:
Nigata # 5 and # 6 in Garden ofdfd Mobile # 1, # 2, # 6 and # 8 and GM # 7 in Onverwagt and krrle
# 3 and Mobile Cat Set # 10, # 11 and # 12 in Canefield are considered to tmendstoned by 2020,
before the conmissioning of a high capacity new power plant ugsingiquid Fuel afte2020 (andNatural
Gas/Liquid Fuel after 2022

The transmission system in Guyana is constituieéd9 kV lines for a total length of 27én,
interconnectinghe substations of Skeldon (Deragx region) to Edburgh Cannes (Demerara region) in

a radial structure along the coastal area. The frequency of the electrical system in Guyana is 60 Hz. The
whole transmission infrastructure betgs to the public utility GPL.

Figure2 shows the transmission and distribution network of DBIS (note: No Essequibo, nor Linden, nor
rural areas shown).
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ATLANTIC OCEAN

SOURCE: GPL

The 69 kV transmission grid interconnects the Substations as descritedaié andTable4.

Table 3. GPL transmission substations®

Region Substations Capacity (MVA)
West Coast Demerarddinburgh 1x10
West Coast Demerara/reed-en-Hoop 1x20
East Bank Demerara Golden Grove 2x10
East Bank Demerara Garden of Eden 2x16.7
GeorgeTown Kingston 2 x 26/35
GeorgeTown New GeorgeTown 2x16.7
GeorgeTown Sophia (Upgraded) 3x16.7
GeorgeTown New Sophia Nil
GeorgeTown Sophia Converter Nil

East Coast DemeraraGoodHope 1 x 26/35
East Coast DemeraraColumbia 1x16.7
Berbice Onverwagt 1x16.7
Berbice Canefield 1x16.7
Berbice No. 53 Village, Corentynel x 16.7
Berbice Skeldon (Guysuco) 1x16.0

Source: GPL

8 Source: GPL April 2015 Transmission System Diagram.
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Table 4. GPL transmission network lengtl

Transmission Line Length (kms)

Skeldon - No. 53 Village 21.1
b2®d po ¢ [/ FySFASER 55.9
I yYSTFASEtR ¢ hy@SNBLI 3 41.3
Onverwagt - Columbia 37.2
Columbia - GoodHope 26.6
GoodHope - New Sophia 10.0
New Sophia - Sophia (Upgraded) 0.3
Sophia (Upgraded) - Golden Grove 20.0
New Sophia - Golden Grove 20.0
Golden Grove - Garden of Eden 18.0
{2LKAlF ¢ bSé DS2NHS¢c24Yy 4.4
{2LKAF ¢ YAy3albzy 5.0
Submarine cable from Kingstown to Vreed-en-Hoop 2.4
Vreed-en-Hoop to Edinburgh 13.8
Total 276.1

Source: GPL

Figure3 shows theone line schematic diagram exXistingDBIS grid.

Figure 3. Diagram of existing transmission system of DBIS

GOOD HOPE COLUMBIA ONVERWAGT CANEFIELD SKELDON

GOLDEN GROVE

NEW SOPHIE

SOPHIE

NEW GEORGETOWN

GARDEN OF EDEN

KINGSTON VREEDENHOOP | EDINBURG

SourceConsultant

Figure4 illustrates the expected future interconnection of the D&tB main futurehydro and natural
gas candidate power plants

9 Source: GPL April 2015 Transmission System Diagram.
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Figure 4. DBIS: Future generation and transmission system
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GOOD HOPE COLUMBIA ONVERWAGT CANEFIELD

@ e cos power

. Hydroelectric power plant

SKELDON

Source:Consultantwith GPL information

3.7.2 Transmission expansion program

The D&E Progranme 20152019 of GPLE projects an investment of US$12.13M in transmission lines

in order to construd5 km of 69 kV lines to:

1 Power new substations at Linden Highway / Soesdyke junction (12.5 km), Canal No. 2 (10.5 km),
Parika (16.5 km) and Linden (6 km) from Gard&rEden, VreeeEn-Hoop, Edingburg and Bamia

respectively.

9 Construct parallel lines frorBophia to Kingston (10 km total) and from Sophia to Good Hope to

Columbia (39.5 km).

In addition, the provided draft D&E Prognane 20152019 of GPL projects an investment of US$29.63M

in substations to

9 Construct five (5) new substations with a total cifyaf 118 MVA at Soesdyke, Canal No.2, Parika,

Williamsburg, and Linden.
1 Extend nine (9) existing substations to anawdate new transmission lines.
91 Replace five (5) old 69/13.8 kV power transformers.
1 Provide twentyfour (24) new feeders at the five new substations.

3.8 Service quality

The electricity sector is one ofd@mmain difficulties in doing business in Guyarkdgure 5 shows the
Worl d Bankdéds 2017 Doing Business Report

and is wel/l above the Latin Ameri can

and

chart
Cari

for
bbea

10 At the moment of this study, GPL indicated that this programme is being revised. However, no further information

from GPL was provided for this sty about the the update of the D&E Programme.
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Figure 5. World Bank 2017 Doing Business Rankig for Guyana

Guyana Ease of Doing Business Ranking

(1 = highest rank) —— Guyana 2016
) . = =Guyana 2017
Startlng_ a Business ——= LAC 2017

Dealing with

Resolving Insolvency . )
g ! Construction Permits

Enforcing Contracts Getting Electricity

Trading Across

Borders Registering Property

Paying Taxes Getting Credit

Protecting Minority
Investors

Source: IMF (2017c). Page 15.

According to PU® gearly operatingstandards & performance targetsy s t e md dnterauptier a g e
frequency index (SAIFIpf GPL increased to 118 in 201&gtavailable data) which compares to 48 in
2012, reflecting frequent power serviogerruptions
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According to recent demand forecasts analyzed in Brugman (2016) and market analysis commissioned

by the Government of Guyana (GoG)lyana is expected to experience a significant growth in electricity

demand in the coming years, with predictions of electricity consumption more than doubling in the next
decade. This growth woulde even more pronounced due to the recent discoveryl of affshore

Guyana and its associated natural gas, which inglaging consideret be transporteth inlandGuyana

for power generation and other purposes. This chapter presents different scenarios of electricity demand
forecast for DBIS system. Such scenarios were bui
economy and particularities of DBIS sgst and constitute an important part of the evaluation of the long

term generation expansion of DBIS done in Sediohthis report.

Academic researdtas shown that GDP is the main independent variable that explains variations of power
demand in a given country (Payne 2010). Other research has included additional variables such as GDP
per capita and electricity prices, mainly.

Different methods to facast power demand in Guyana were reviewed in Appendix A in Brugman
(2016). After careful consideration of the strengths and weaknesses of each approach, and after reviewing
the availability and confidence of available historical data, this study opfedettast DBIS electricity

demand in two steps: (i) Forecast GPL6s electrici
understand how GDP and popul ation explain GPLO6s el
some variables whicteflect additional (and fewer) loads, which cannot be captured by the econometric

model obtained in i).

When forecasting GPLO6s electricity sales in step

should be another variable to be included nvi@ecasting electricity sales of GPL. After identifying

which are the variables that explain most of the power sales, the coefficients were estimated and tests for
statistical wvalidity and error behavadleoticitysades e mad e .
was obtained, the independent variable (specifically, GDP) was forecasted under three scenarios
accordingly to apply those estimates to the model and obtain fitted values for electricity sales of GPL.

Once obtained GHdraast, tleelfodomingrvariables were inelude:

Sales to SelGenerators switching to DBIS

Losses converted into sales

Sales from Essequibo Region

New residential connections

Electricity losses (technical and ntechnical)

Sales from Lindenafter 2024 yearassumed the interconnection of Linden to DBi&e 4.7.2
Auxiliaries and Selconsumption

Nonserved demand

Distributed generation and Energy Efficiency

E R R T

Base, Hi gh and Low cases reflecting different GDP
Demand of electdity is defined as the Gross Generation of GPL per year plus unserved &ngugg.

6summari zes the steps that the Conanaddinghisstudy.ol | owe
After estimating GPLOs sales using theger@mtors ul t ant |
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switching into the grid, losses converted into sales and taking out Essequibié, Salé&B1 S6 s al es

obtained. Total electricity o s ses are added to DBI S6 sales to obt:

auxiliariesd consumption are add esédrveddemancisadded DBl S 6
to reflect the demand that was not served but potentially would be sersethé extent.

Figure6. St eps to esti mate DBI S0 demand from

Forecasted | |
with | |
Econometric
Model
Dt [ Qa Self Salesfrpm 5. L{ Q Total 5.L{QApfaies 5. L{Q ODmN&&E 5.L{Q
Sales  Generators Essequibo  sales  Electricity  Exported & Self¢  Generation Energy  Demand
& Losses Region Losses Units consump* *
into Sales

Fo{GFGA2Y 1 dEAEAINASE b {2LKAI /2y@SNISNI [24484 b Dt[Qa hgy das Ozy
*{1t8a FNBY [AYRSY FNB FRRSR (2 5.L{Q 58YIyR Ay OLa$ [AYRSYy A& Ayd:

Source: Consultant

Once DBIS demand is obtained as showrFigure 6, distributed generation and energy efficiency
measures are included.

GDP figures in Guyana need to be considered carefully since in 2009 historical growth figures, which
were calculted with base year 1998 and were discontinued by the Guyana Bureau of Statistics, were
rebated using year 2006 as a base. Therefore in this study, the Consultant used data obtained from the
World Bank (IBRD IDA) national accounts datab&sehich providessuy anaés hi storical
terms since 1981 until 2014 (using 2006 as a base, in accordance to latest available data from Guyana
Bureau of Statistics).

It is Iimportant to take into consideratiom that
rates in relation to its history. Therefore, any econometric model that takes only recent history arguing
lack of historical data could result in biased estimates. However, historical data of power sales and GDP
in Guyanaare scarce, as the Consultantshd7 annual data points from year 1981 until year 2017 to
estimate statistical parameters (of which 5 years have incomplete information). Although this continues
to be a small relative number to perform statistical analysis, it is the only data avaiétienvatches

GPL sales and GPL gross generation available dat a

from 1996 onwards was obtained from the Guyana Bureau of Statistics which was available from 1996

TAs of 2018, electricity sales from the Essequibo regi
sales. Therefore a downward adjustment needs to be done to estimate DBIS sales. If Esseddibecsime
connected in the future, such sales should be added again.

12 https://data.worldbank.org/indicator/NY.GDP.MKTP.KN?end=2016&locations=GY &start=1960&view=chart
(last access on March 12, 2018)
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until 2016 at the time of this study on theiebsité. Population from 1981 until 1995 was obtained from

Klass (2010) studylable5 shows the data used for estimating the parameters of our statistical model.

Table 5. GPL'

sal es,

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

S generation, GPL' s
Year Generation (GWh)GPL Sales (GWH}DP (G$ million)Population (000)

213.0 238,160 758.0
188.9 206,747 757.6
205.1 192,704 757.3
205.8 162.7 183,013 756.9
213.2 169.5 187,405 756.5
204.7 160.9 185,717 756.1
209.9 178.9 187,387 755.7
202.4 161.6 180,466 757.2
159.1 121.6 171,543 756.8
212.4 150.4 166,332 750.7
219.1 171.0 176,286 719.1
2375 167.0 190,092 739.0
252.2 169.0 205,705 747.0
290.6 217.0 223,238 763.7
333.7 217.0 234,370 773.4
347.3 262.0 252,846 777.6
3904 262.0 268,591 778.8
431.2 285.0 264,002 777.1
443.2 271,842 781.2
476.9 287.2 268,100 743.1
504.6 289.9 274,132 744.2
512.7 288.1 277,013 751.2
488.9 268.1 274,228 753.8
514.9 292.2 283,261 756.3
528.4 300.8 277,718 758.9
534.6 3121 291,965 761.5
559.2 349.8 312,461 763.7
566.0 355.6 318,638 766.2
586.0 370.3 329,955 753.2
626.0 413.5 343,610 752.1
653.4 430.5 361,465 750.7
690.2 455.1 380,537 748.9
710.7 475.9 399,631 746.9
717.1 493.6 415,210 744.6
751.0 518.9 427,894 742.0
798.8 550.9 442,254 743.5
809.4 555.3

2017

Source: GDP growth from World Bank and Bureau of Statistics of Guyana (G$ million) in constant 2006 prices. Population

from Bureau of Statisticsof Guyan and KI| ass
Sector Policy and Investment Strategy & GPL for 2011 until 2017. 199@wvaifable as this year GPL was formed as a
merge of three electricity companies.

The last real okervation of electricity sales and generation from GPL that the consultant obtained was
2017. However, GDP and population for 2017 was not available at the time of this report.

(2010) ;

Power

13 http://www.statisticsguyana.gov.gy/demo.hiflalst access on March 14, 2018).
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This study uses an ordinary least squares (OLS) regressidal nw explain the variance of total
electricity sales (GWh/year) of GPL as a function of GDP in constant terms (in Guyanese dollars) and
Population (in thousands). Although the multivariate regression model performs well (coefficient of
determination, R of 0.991), the simple linear regression model using only GDP as unique dependent
variable performs similarly well #f 0.990). In favor of statistical efficiency, Population was discarded

as a dependent variabteand the Consultant worked with a simpieear regression model in the
following form:

| 0z F]
Where:
AL = Electricity Sales of GPL (GWh/year)

L= Gross Domestic Product (fAGDPO) (in million

= Residual term
The obtained model using the data showmable5 is:
A 8 z ﬁ

More detail of the regression results of the models can be viewgzpendix B, as well as the residual

plots, which are normally distributed with constant variance. Since residuals behave with mean near to
zero and constant variance, and thatained coefficient for GDP and-dtatistic are statistically
significant, as well as the overall model (coefficient of determinatiénefR0.990) the model performs

well when forecasting electricity sales in the future.

GDP forecasts werebtained from public sources of the World Bank (IBRD IDA) and International

Monetary Fund (World Economic Outlook Database, March 28)r instance, IMF forecasts matches

those of another important document used in this section of the study, wiieHM~'s Country report

No 17/ 1 7Guyacaa2017 ariicle i consultatidrpress release; Staff report; and Statement by the
executive director for GuyanlsP2017ay howor). Warld8anlpub |l i s h
estimates are available uritiD20 while IMF estimates are available until 26§22s shown ifTable6,

which also shows GoG6s growt h est RObhadegualtodhefird. 8% f o
semester 2017 real growth. At the time of this report, 2017 actual GDP growth was not yet published.

“This is because population is not statistically signif
of Population is 0.06 in the regression model).

15 Appendix Ashows such data obtained in March 2018.

16 More strictly, IMF (2017a) also provides iesates for GDP growth in 2027 of 2.3%, 2.8% in 2037, and an average

202337 of 1.4%.
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Table 6. GDP growth forecast in Guyana
Year WB IMF Gov
2017 29% 35% 2.2%
2018 3.8% 3.6% 3.8%
2019 3.7% 3.7%
2020 3.7% 38.5%
2021 28.5%
2022 2.8%
Source: IMF (2017a), World Bank, GoG (Gov 2017 of 2.2% is thegreaith for the first semester 2017).

In 2015, Exxon Mobil made a significant oil discovery offshore. In May 2017 reserves were
conservatively estimated to hold between 800 and 1,400 million barrels (IMF 2017c). Commercial
production is planned to commence by r8620, with an output of 100,000 barrels/dalis expanding

oil production and increased public investment are expected to increase GDP growth.

At time of this study the only public estimate of the effect of oil discoveries in offshore Guyana in

Guyanads Gross Domestic Product (GPD) growth in t
2017. As shown iTable6, GDP is expected to grow 38.5% in 2020 and 28.5% in 2021. IMF said that

such estimate is conservative as it has a fAconse
onwar dso. T heasduoption wi ng we

9 Guyana starts cjproduction by mie2020 with 100,000 barrels/day for up to 8 years, before gradually
declining to 80,000 barrels from 2032 and 60,000 barrels from 2033. 2021 is the first year with
full oil production.

1 Oil price equato WEO projections, rising from US$43 /barrel in 201&J®&%7/barrel in 2022 and
converting to a long term value O5$60 /barrel.

1 Government spends all its oil revenues during 2B21saves one third of it during 2629 and 50
percent afterwards.

1 Baseal on experience from other countries, IMF assumed that the-adtied of the oil sector
becomes relevant as a share of gross producti ol
projected to peak at about 40 percent during 2221

The aut lataand grdjeetisnd ondhe national accounts and balance of payments currently do not

reflect the foreign companiesd6 investments in de
preparatory phase. This causes GDP, imports and FDI to be understifmtconsistency and because
of the | ack of reliable information, FDI was not

As of May 2017, the prospects of others fields (L2z&ayara and Snoek) were still in the exploration
stage and IMF noted that they could sahsally increase oil production and proven reseriege that
since then, Exxon Mobil has announced that production could reach eventually 334000@
barrels/day according to Esso (2017) and that reserves of 3.2 BOEB according to ExxonMobil (2018).

At present, oil exploration and drilling is not included in the national accounts and balance of payment
statistics. Thus, official statistics underestimate GDP, the imports of goods and services,*and FDI

"The | MF staff recommended GoGdés authorities to includ
national accounts to 2018 and also include it in the BOR#tat{IMF 2017c).
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The oil sector is fairly isolated from the regttbe economy, with no significant spillovers at this time.

| MF6s expects that oi | ®wmitdniuchismalleeimpgactbnesGNFlee maimp act o
direct effect on the domestic economy will be throtighal revenueThe revenusharingagreement

sets the governmentdés share at 50 percent of Apro
all ocated for Acost recovery, 0 the governmentds s
after Exxon Mobil and partnerscover their initial upfront investmertMF (2017c)].

The development of oil resources and public investment will support medmmgrowth. The long

term outl ook hinges on the government doswindfdli | i ty t
to increase potential growth through productigtyhancing reforms and economic diversificat{tMF

(2017¢)]

These are other effects that Guyanabs macroeconom

1 As Guyana grows richer, it could losecess to grants and concessional financing, which are
projected to taper off with the start of oil production. [IMF (2017c¢)]

T The increased dependence on natur al resources e
shocks and could reduce the quetitiveness of the neail economy due to the potential appreciation
of the exchange rate. Several countries experienced competitiveness problems in other sectors after
they became oil producers. [IADB (2017a)]

1 Ultimately, the conversion of mediuterm ol wealth into longterm growth and welbeing hinges
on the Governmento6s <capacity (t henmancigchrefarniss | nst i
International evidence shows that natural resource wealth has the potential to become a real
developmentsset when coupled with strong institutions (both public and private), smart investments
in skills and technological capacities, and solid macroeconomic fundamentals. [IADB (2017)]

We developed four GDP growth scenarios. The intentido ieflect IMF's estimates in one scenario and
three deviations from such estimate in other scenarios. We did not develop a macroeconomic model to
forecast each national account but rather produced overall variations to reflect broad deviations. The
following sections show the rationale of each scenario.

The Base Case reflects IMF (2017a) baseline forecasts with a minor adjustment in 2017, due to lower
than expected growth in 2017 (2017 IMF estimate of 3.5% was lowered to 2.6% after thewdaimgro

the first six months of 2017 was 2.2%). After 2023, a 1.3% annual growth rate estimate was used but
maintaining the 2027 IMF estimate of 2.3%. Such annual growth rate was estimated by equating the 2023
37 growth estimate of IMF (1.4%). As noted krefahis scenario is conservative due to the fact that oil
production will be higher than 10000arrels per day after pebtay-2017 discoveries results.

18 Gross Domestic ProdudBDP) is the total income earnddmestically. It includes income earned domestically

by foreigners, but it does not include income earned by domestic residents on foreign ground. (Mankiw 1997).

19 Gross NationaProduct GNP) is the total income earnedrtionals (that is, by residents of a nation).It includes

the income that nationals earn abroad, but does not include the income earned within a country by foreigners.
(Mankiw 1997).
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As noted before, | MF f orecasted Guyanaorgdthe eal GDF
assumption that total oil production amounts to 100,000 barrels per day freg®&tido 2028, 80,000

barrels per day during 2022, and 60,000 barrels per day during 2833 As of time of such forecast

(May 2017) , Ex x on dboshviatively estinthieds to bold detweenv8@0sand 1,400

million barrels (IMF 2017b, 2017c). Nowadays, the size of such discovery has increased in another 1,600

to 2,000 million barrels, depending on select hull, due to Liza Phase 2 drilling results. (Ess@O2017)

production estimates have also increased an additional 190,000 to 220,000 barrels per day commencing
md2022. As a result, Guyanaods tot al oi l producti o
per day® (which gives roughly 30 years of camious production). Due to such increase in oil production,

this study proposes a High Case scenario were GDP increases more than IMF estimates.

Our exercise does not forecast GDP from a technical macroeconomic perspective and is without detail on
valueadded sectors nor national accounts. On the contrary, we made a simplified upward adjustment of

|l MF6s forecasts on a proportional basis in relati
GDP growth rates similar to those experienced to otlentcies which experienced relevant oil
discoveries, as shown kigure7.

20 Economist (2017) estimatéisat oil production in Guyana could be more than 400,000 barrels per day-in mid
2020s.
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Figure 7. GDP growth and oil production in Equatorial Guinea andGhana
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Figure 8. GDP growth forecast in High Case

IMF IMF Consultant Production Consultant
GDP growth Average Oil ProductionAverage Oil Production Ratio GDP growtf
(% year) (barrels/day) (barrels/day) x) (% year)
2017 3.5% 0 0 1 2.9%
2018 3.6% 0 0 1 3.8%
2019 3.7% 0 0 1 3.7%
2020 38.5% 50,000 50,000 1 38.5%
2021 28.5% 100,000 100,000 1 28.5%
2022 2.8% 100,000 200,000 2 5.6%
2027 2.3% 100,000 300,000 3 6.9%
2037 2.8% 60,000 180,000 3 8.4%
AVG. 2017-22 13.4% 13.8%
AVG. 2023-37 1.4%----> IMF = 1.4% 4.3%
AVG. 2017-37 4.9%----> IMF = 4.9% 7.0%
Source: Consultant. | MF6s oil production obtained from | MF (

of oil production guidelines from Esso (2017).

The Low Case builds from[IME 201 7 c ) . DBA. Page 3] comment that 0
is projected to peak at about 40 percent during 20210 and u s-eilsGDR gvwkih. SThiscasen

could in some way reflethe risk that lower interational energy prices delays the development of its oll

fields and that the GoG denot spend most of its oil revenues (say keeps them in a Sovereign Fund).
Although this scenario has a lower probability of occurrence in our view, it provides great inethef

evaluation of the long term generation expansion in Se@&ans it i s an actual N Bus
scenario. To obtain GDP growth rates we built a G
202220235 to refl ect tf GBEPwould heach 40% bfthe ecanonoyr 6 s s har e o

In Section4.3 of this report we showed that power demand in Guyana is highly correlated and therefore
explaned by its GDP. However, this link might get partially lost in the presence of a strong alteration of

GDP and if noadditionalpower capacity is installed on tim€his scenario reflects the possibility that

power demand might not grow at the same phage@P growth when a country experiences a strong

economic shock (a¢ is expected thaGuy ana wi | | experience in 2021 wh
will start entering the ecamy through public investment).

The necessity of working with this scenario came after reviewing the case of Equatorial Guinea, which

has some similarities to whatay experience Guyana going forwarfdrinstance Equatorial Guinea is

guoted by IMF 2017a as an example of effects on @D§udden oil productioas would happen in

Guyana. Figure7onpag88s hows how t he Equatorial Guineads ecor
in 1996. Howeverfigure9 shows that power demand growth did not grow at the same phase as GDP

did, even more, power demand grew with 4 years of delay.

FromFigure9 onealsonatices that power capacity increasedline with generation, which could imply
that lack ofgeneratiorcapacityin Equatorial Guinedeterred electricitgeneratiorgrowth (i.e. demand
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existed and was not suppliedhi s bring us to the point to solve
Guyana install surplus capacity before oil production starts (and assume the risk of having excess capacity
at large economic cost if demand does mareased as forecasjedr stat increasing capacity as
Equatorial Guinea did, after demand picked?.ufp possible solution for this is to install power
technologies with high flexibility and modularity since DBIS system should have modular capacity that
could expand in short period$ ime as soon as GPL notice demandreases and new loads from
new/actual clientdn addition, the connectiotm DBIS of selfgenerators forecasted 8ection4.7.1on

page45 could be delayed. Finally, as noted in Sect8 new generation expansion would replace
HFO/LFO generationhowever, such engines would remain as backup that could be used to supply
increasing demand if necessafyg. a result of thisact, power demand in Guyana is expediedehave
somewhere between the Base Case and the base Case Delayed.

Figure 9. GDP and power demand in Equatorial Guinea

. Year GDP At GWh A% oil A%
120% 4 year delay in power 150% 1988 12 17.0 0.0
— 1989 1.1 1% 170 0.0% 0.0
demand growth after 1990 1.2 3% 17.0 0.0% 0.0
100% GDP growth 00 F 1991 12 0% 17.0  0.0% 0.1
£ 1992 1.3 13% 18.0 5.9% 1.6
-E 1993 1.5 9% 18.0 0.0% 4.5
G0% ] 1994 16 9% 18.0 0.0% 5.0
= S0% 2 1995 1.8 12% 19.0 5.6% 5.0 Q%
= ) 1996 24 19.0  0.0% 17.0
£ A0 b= 1997 4.7 20.0 5.3% 52.0 206%
z 0% 5 1998 5.5 18% 21.0 50% | 83.0 60%
=4 E 1999 6.8 23% 21.0 0.0% 102.0 23%
B ans g 2000 7.7 13% 42.0 [HOOOWY| 167.5 od%
=5 2001 12.9 68% 54.0 [28.6% | 161.4 8%
@ S0 2 2002 15,5 20% 61.0  13.0% | 2126  17%
20% = 2003 17.6 14% 76.0 24.6% | 206.5 -3%
£ 2004 21.9 24% 80.0 5.3% 368.2 78%
100% ] 2005 23.8 9% 850  63% | 3755 2%
0% - o 2006 251 5% 90.0 5.9% | 3629  -3%
oo W@ O N W W@ O o W @ oy P 2007 289 15% 94.0  44% | 368.5 2%
e === 2008 34.0 18% 24.0 0.0% | 3502 3%
ope 2 A A FA DA I IR EEEEE A 50w 2009 34.5 1% 94.0  0.0% | 346.0  -4%
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. . 5 659, .59 . -79
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Source: Internaticad Energy Statistics. EIA. 2018

Since our model links power demand with GDP growth, wedrte reduce GDP growth estimates to
lower the power demand growth. As well, this case could be seen as what would happen if the GDP of
Guyana des growto the same long term estimate of IMF (2017a) but with a lower phase over the years.
We do so by keepin202122 growth rates equal to Low Case Scenario (reflectingoiidBDP growth)

and by changing 2023025 growth estimates to 15% (2023), 10% (202%and 5.7% (2028). Long

term 2028+ growth equals to Base Case. We note that GDP in 2028 becomes ¢has gathe Base

Case.

4.4.3 Scenario results

Table 7 shows GDP growth rates of each scenario used in this studyabid 8 summarizes the
assumptions previously explained on each case.
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Table 7. GDP growth estimates: Base, Base Delayed, High and Low cases

High Case Base Case Low Case Base Case Delaye
2017E 2.9% 2.6% 2.2% 2.6%
2018E 3.8% 3.7% 3.6% 3.7%
2019E 3.7% 3.7% 3.7% 3.7%
2020E 38.5% 38.5% 3.7% 3.7%
2021E 28.5% 28.5% 3.9% 3.9%
2022E 5.6% 2.8% 3.9% 3.9%
2023E 3.8% 1.3% 1.3% 15.0%
2024E 3.8% 1.3% 1.3% 10.0%
2025E 3.8% 1.3% 1.3% 10.0%
2026E 3.8% 1.3% 1.3% 10.0%
2027E 6.9% 2.3% 2.3% 10.0%
2028E 3.8% 1.3% 1.3% 5.7%
2029E 3.8% 1.3% 1.3% 1.3%
2030E 3.8% 1.3% 1.3% 1.3%
2031E 3.8% 1.3% 1.3% 1.3%
2032E 3.8% 1.3% 1.3% 1.3%
2033E 3.8% 1.3% 1.3% 1.3%
2034E 3.8% 1.3% 1.3% 1.3%
2035E 3.8% 1.3% 1.3% 1.3%

A= Actual Value; E=

Estimated Value.

Source: Consultant

Table 8. Summary of GDP growth assumptions in demand growth scenarios

Base Base delayed High Low

2017 2.6% growth is mid | Equal to Base Case | WB estimate of 2.9% | 1S2017 actual growth
point of WB and of 2.2%
152017 actual

2018 3.7% is the average | Equal to Base Case | WB estimate of 3.8% | IMF (2017a) noroll
WB, IMF, real GDP growth estimate
growth1S2017. of 3.6%

201922 IMF (2017a) IMF (2017a) noroll IMF, except 2022 thal IMF (2017a) noroll
GDP growth is 2 X IMF GDP growth
estimates estimates

2023-35 IMF (1.3% to reflect | Consultant adjustmen 3 x Base Equal to Base Case

1.4% average growth
202337)

to reflect delay of
power demand growtl

Figure 10s h o ws

t he

Source: Consultant

three for

ecasts

(Base,

Hi gh,

Low

obtained with the econometric model and GDP forecasts estimates for the four cases of GDP growth.
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Figure 10. GPL's electricity sales forecast: Base, High, Low and Base delayed Cases
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The obtained forecasts were desegregated into residential, commercial and industrial sectors according
to the historical patterns.

The evolution of residential customers of DBIS is showiiable9 and was obtained by adding each

year 4160 new residenti customers to DBIS, which corresponds to the average number of new
residenti al customers from 2012 to 2017. To esti
used an average consumption of 127 kWh/nfdmtre r r esi dent i al househol d whi
as of 2017 with a 1.8% long term growth (which corresponds to the historical average growth per year of
household consumption from 2011 until 2017) to reach 176-RWith in 2035. This reflects an
intensfication in the consumption of electricity by households (increased use of appliances) as income

rises and labor force participation improves. Such long term consumption of 17énkWh per

household is slightly above (2014 d&ta)atin American and Afrian averages (171 kWhnonth and 172

2AppendixCs hows gener al statistics f r pgembeGI17pwhichcshowd tllamer s f r
residential consumption per household has a CAGR of 1.8% since 2004.

22The Consultant forecasted Latin American and African electricity residential consumption per household in 2035

using the 14year historical trend of eneadt a 6 s dat aset (which shows that Latin
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kwh-month, respectively, but well below actual North American and European averages (1,016 kWh
month and 309 kWdmonth, respectively}, and compares to world average of 283 kkbnth per
household.

Given thatva@PyL 6sn seadcels scenari o, this implies that
from 47.3% in 2017 to 36.0% in 2035 (Base Case and Base Case Delayed), 24.3% in High Case and
62.1% in the Low Case. The new residential customers from 2017 until 20% forécasts are 22,085

and compare to 30,900 new residential customers on GPLEsAD&62020. The forecasts impli¢isat

74,871 new residential connections would be made from 2018 until 2035 in all cases.

Table 9. Electricity demand from residential customers

Base Case Metric 2011A 2012A 2013A 2014A 2015A 2016A 2017A 2018F 2019F 2020F 2025F 2030F 2035F
GPL Electricity Sales GWh 430.5 455.1 475.9 493.6 518.9 550.9 555.3 581.4 607.1 884.3| 1,254.4| 1,357.1] 14513
Residential Sector GWh 195.1 205.9 218.1 231.2 244.2 259.0 262.4 268.7 275.1 281.7 316.0 352.0 389.3
Residential Sector % 45.3% 45.3% 45.8% 46.8% 47.1% 47.0% 47.3%| 46.2% 45.3% 31.9% 25.2% 25.9% 26.8%
Residential Customers Number 146,620 151,480 157,064| 162,028| 166,504| 166,130 171,577| 172,540| 173,485| 174,428| 178,777| 181,971| 183,848
Average Consumption KWh-month 111 113 116 119 122 130 127 130 132 135 147 161 176
New Residential Customers [Number 4,860 5,584 4,964 4,476 -374 5,447 963 945 943 791 536 255
High Case Metric 2011A 2012A 2013A 2014A 2015A 2016A 2017A 2018F 2019F 2020F 2025F 2030F 2035F
GPL Electricity Sales GWh 430.5 455.1 475.9 493.6 518.9 550.9 555.3 584.2 609.9 888.3| 1,404.3| 1,766.3] 2,146.2
Residential Sector GWh 195.1 205.9 218.1 231.2 244.2 259.0 262.4 268.7 275.1 281.7 316.0 352.0 389.3
Residential Sector % 45.3% 45.3% 45.8% 46.8% 47.1% 47.0% 47.3%| 46.0% 45.1% 31L.7% 22.5% 19.9% 18.1%
Residential Customers Number 146,620 151,480| 157,064| 162,028| 166,504| 166,130 171,577| 172,540| 173,485| 174,428| 178,777| 181,971| 183,848
Average Consumption KWh-month 111 113 116 119 122 130 127 130 132 135 147 161 176
New Residential Customers |Number 4,860 5,584 4,964 4,476 -374 5,447 963 945 943 791 536 255
Low Case Metric 2011A| 2012A| 2013A| 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2025F| 2030F|  2035F
GPL Electricity Sales GWh 430.5 455.1 475.9 493.6 518.9 550.9 555.3 578.1 603.7 630.2 719.8 782.4 839.7
Residential Sector GWh 195.1 205.9 218.1 231.2 244.2 259.0 262.4 268.7 275.1 281.7 316.0 352.0 389.3
Residential Sector % 45.3% 45.3% 45.8% 46.8% 47.1% 47.0% 47.3%| 46.5% 45.6% 44.7% 43.9% 45.0% 46.4%
Residential Customers Number 146,620 151,480| 157,064| 162,028 166,504 166,130| 171,577| 172,540| 173,485| 174,428 178,777 181,971| 183,848
Average Consumption KWh-month 111 113 116 119 122 130 127 130 132 135 147 161 176
New Residential Customers |Number 4,860 5,584 4,964 4,476 -374 5,447 963 945 943 791 536 255
Base Case Delayed Metric 2011A| 2012A| 2013A| 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2025F| 2030F|  2035F
GPL Electricity Sales GWh 430.5 455.1 475.9 493.6 518.9 550.9 555.3 581.4 607.1 633.7| 1,008.6] 1,357.1] 1,451.3
Residential Sector GWh 195.1 205.9 218.1 231.2 244.2 259.0 262.4 268.7 275.1 281.7 316.0 352.0 389.3
Residential Sector % 45.3% 45.3% 45.8% 46.8% 47.1% 47.0% 47.3%| 46.2% 45.3% 44.4% 31.3% 25.9% 26.8%
Residential Customers Number 146,620 151,480| 157,064| 162,028| 166,504| 166,130 171,577| 172,540| 173,485| 174,428| 178,777| 181,971| 183,848
Average Consumption KWh-month 111 113 116 119 122 130 127 130 132 135 147 161 176
New Residential Customers |Number 4,860 5,584 4,964 4,476 -374 5,447 963 945 943 791 536 255
Source: Consultant wusing GPLO6s dat a
An inquiry was made in January 2018 to GPLO6s man

loads. As a result, no major significant new loads for connection to the DBIS networks were identified

nor provided. Therefore, it was not incorporated any newmajé oad (except new | oads
links with Brazil near Linden as shown in Sect®6.2.]). This implies that all major DBIS loads in the

future would bdncorporated into power demand forecasts by the econometric model according to GDP
growth.

As referenceTable 10 shows forecasted electricity sales for GPL andstmre of each sector. This
numbers do not include the effect of sgdinerators switching to DBIS, which is covered in Seeti@ni.

Africa a CAGR of 1.3% since 2000); Under this consideration, Latin American electricity residential consumption
per household in 2035 would be 197 KWitonth and that of Africa would be 2XWh-month.

23 Electricity household consumption per month in 2014 was obtained from World Energy Council enerdata
databaseh(tps://www.worldenergy.oi)) such dataset has a large sample of electricity consummiohousehold.
Unfortunately, no similar LAC country such as Guyana is available in such dataset for a better comparison.
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Tablel0. Total GPLO0s forecasted sales
BASE CASE 2011A| 2012A| 2013A[ 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Residential Customers Number 146,620| 151,480| 157,064| 162,028 166,504| 166,130| 171,577| 175,737| 179,896 184,056| 188,215| 192,375 196,534 200,694 | 204,853 | 225,651 | 246,448
Comercial Customers Number 14,241| 14,817| 15,176| 15,047| 15,457| 16,136| 16,361| 17,110| 17,809 32,343| 47,107| 48,159| 48,127| 48,085| 48,033| 48,417| 47,763
Industrial Customers Number 561 581 633 705 743 747 726 761 795 1,448 2,114] 2,168| 2,172 2,177| 2,181| 2,230 2,231
Residential Customers GWh 195.1| 205.9| 218.1| 231.2| 244.2| 259.0 262.4| 273.7| 285.3| 297.2| 309.5| 322.1| 335.0] 3484| 362.1| 436.5| 521.8
Comercial Customers GWh 74.3 79.8 82.0 84.8 87.3 95.5 97.3| 102.2| 106.9| 195.0f 285.4| 293.1] 294.3| 2954| 296.4| 305.8| 308.8
Industrial Customers GWh 161.0) 169.4| 175.8| 177.5| 187.5| 196.4| 1956/ 2055/ 214.9| 392.0/ 573.7| 589.2| 591.5| 5938/ 5959| 614.8| 620.7
Residential Customers % share / Total 45.3%| 45.3%| 45.8%| 46.8%| 47.1%| 47.0%| 47.3%| 47.1%| 47.0%| 33.6%| 26.5%| 26.7%| 27.4%| 28.1%| 28.9%| 32.2%| 36.0%
Comercial Customers % share / Total 17.3%| 17.5%| 17.2%| 17.2%| 16.8%| 17.3%| 17.5%| 17.6%| 17.6%| 22.1%| 24.4%| 24.3%| 24.1%| 23.9%| 23.6%| 22.5%| 21.3%
Industrial Customers % share / Total 37.4%| 37.2%| 36.9%| 36.0%| 36.1%| 35.7%| 35.29%| 35.3%| 35.4%| 44.3%| 49.1%| 48.9%| 48.5%| 48.0%| 47.5%| 45.3%| 42.8%
Residential Customers KWh/Client - Month 111 113 116 119 122 130 127 130 132 135 137 140 142 145 147 161 176
Comercial Customers KWh/Client - Month 435 449 450 470 470 493 496 498 500 502 505 507 510 512 514 526 539
Industrial Customers KWh/Client - Month | 23,920| 24,292| 23,141| 20,987| 21,024| 21,910| 22,449| 22,489| 22,529| 22,570| 22,610| 22,651| 22,691 22,732| 22,773| 22,978| 23,185
Residential Customers % growth - year 2.2%| 2.1%| 2.8%| 27%| 6.3%| -1.9%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%
Comercial Customers % growth - year 3.2%| 0.4%| 4.3%| 0.2%| 4.8%| 0.5%| 0.5%| 0.5%| 0.5%| 0.5%| 05%| 05%| 0.5% 0.5%| 0.5%| 0.5%
Industrial Customers % growth - year 1.6%| -4.7%| -9.3%| 0.2%| 4.2%| 25%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2% 0.2%| 0.2%| 0.2%
HIGH CASE 2011A| 2012A| 2013A[ 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Residential Customers Number 146,620| 151,480| 157,064| 162,028 166,504| 166,130| 171,577| 175,737| 179,896 184,056| 188,215| 192,375 196,534 200,694 | 204,853 | 225,651 | 246,448
Comercial Customers Number 14,241| 14,817| 15,176| 15,047| 15,457| 16,136| 16,361| 17,267| 17,968 32,562| 47,388| 50,413| 52,243| 54,139| 56,103| 69,939| 83,468
Industrial Customers Number 561 581 633 705 743 747 726 768 802| 1,457| 2,127| 2,269 2,358| 2,451| 2,547 3,221| 3,899
Residential Customers GWh 195.1| 205.9| 218.1| 231.2| 244.2| 259.0f 262.4| 273.7| 285.3| 297.2| 309.5| 322.1| 335.0] 3484| 362.1| 436.5| 521.8
Comercial Customers GWh 74.3 79.8 82.0 84.8 87.3 95.5 97.3| 103.2| 107.8| 196.3| 287.1| 306.8] 319.4| 332.6| 346.2| 441.8| 539.6
Industrial Customers GWh 161.0) 169.4| 175.8| 177.5| 187.5| 196.4| 1956/ 207.4| 216.8| 394.7| 577.1| 616.8] 642.1| 6685 696.0 888.1| 1084.7
Residential Customers % share / Total 45.3%| 45.3%| 45.8%| 46.8%| 47.1%| 47.0%| 47.3%| 46.8%| 46.8%| 33.5%| 26.4%| 25.9%| 25.8%| 25.8%| 25.8%| 24.7%| 24.3%
Comercial Customers % share / Total 17.3%| 17.5%| 17.2%| 17.2%| 16.8%| 17.3%| 17.5%| 17.7%| 17.7%| 22.1%| 24.5%| 24.6%| 24.6%| 24.6%| 24.7%| 25.0%| 25.1%
Industrial Customers % share / Total 37.4%| 37.2%| 36.9%| 36.0%| 36.1%| 35.7%| 35.29%| 35.5%| 35.5%| 44.4%| 49.2%| 49.5%| 49.5%| 49.5%| 49.6%| 50.3%| 50.5%
Residential Customers KWh/Client - Month 111 113 116 119 122 130 127 130 132 135 137 140 142 145 147 161 176
Comercial Customers KWh/Client - Month 435 449 450 470 470 493 496 498 500 502 505 507 510 512 514 526 539
Industrial Customers KWh/Client - Month | 23,920| 24,292| 23,141| 20,987| 21,024| 21,910| 22,449| 22,489| 22,529| 22,570| 22,610| 22,651| 22,691| 22,732| 22,773| 22,978| 23,185
Residential Customers % growth - year 2.2%| 2.1%| 2.8%| 2.7%| 6.3%| -1.9%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%| 1.8%
Comercial Customers % growth - year 3.2%| 0.4%| 4.3%| 0.2%| 4.8%| 0.5%| 0.5%| 0.5%| 0.5%| 0.5%| 05%| 0.5%| 0.5% 0.5%| 0.5%| 0.5%
Industrial Customers % growth - year 1.6%| -4.7%| -9.3%| 0.2%| 4.2%| 25%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2% 0.2%| 0.2%| 0.2%
LOW CASE 2011A| 2012A| 2013A| 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Residential Customers Number 146,620 151,480| 157,064 162,028| 166,504 166,130| 171,577| 175,737| 179,896 | 184,056 188,215| 192,375 196,534| 200,694 204,853 | 225,651 | 246,448
Comercial Customers Number 14,241| 14,817| 15,176| 15,047| 15,457| 16,136| 16,361| 16,929| 17,625 18,347| 19,180| 20,047| 19,795 19,531| 19,257| 18,189| 16,337
Industrial Customers Number 561 581 633 705 743 747 726 753 787 821 861 902 894 884 874 838 763
Residential Customers GWh 195.1) 205.9| 218.1| 231.2| 244.2| 259.0 262.4| 273.7| 285.3| 297.2| 309.5| 322.1| 335.0/ 348.4| 362.1| 436.5| 521.8
Comercial Customers GWh 74.3 79.8 82.0 84.8 87.3 95.5 97.3| 101.1] 105.8| 110.6] 116.2| 122.0/ 121.0/ 120.0/ 118.8| 114.9| 105.6
Industrial Customers GWh 161.0) 169.4| 175.8| 177.5| 187.5| 196.4| 1956 203.3] 212.6] 222.4| 233.6| 2453| 243.3| 241.2| 238.9| 231.0] 212.3
Residential Customers % share / Total 45.3%| 45.3%| 45.8%| 46.8%| 47.1%| 47.0%| 47.3%| 47.3%| 47.3%| 47.2%| 46.9%| 46.7%| 47.9%| 49.1%| 50.3%| 55.8%| 62.1%
Comercial Customers % share / Total 17.3%| 17.5%| 17.2%| 17.2%| 16.8%| 17.3%| 17.5%| 17.5%| 17.5%| 17.6%| 17.6%| 17.7%| 17.3%| 16.9%| 16.5%| 14.7%| 12.6%
Industrial Customers % share / Total 37.4%| 37.2%| 36.9%| 36.0%| 36.1%| 35.7%| 35.2%| 35.2%| 35.2%| 35.3%| 35.4%| 35.6%| 34.8%| 34.0%| 33.2%| 29.5%| 25.3%
Residential Customers KWh/Client - Month 111 113 116 119 122 130 127 130 132 135 137 140 142 145 147 161 176!
Comercial Customers KWh/Client - Month 435 449 450 470 470 493 496 498 500 502 505 507 510 512 514 526 539
Industrial Customers KWh/Client - Month | 23,920| 24,292| 23,141| 20,987| 21,024| 21,910| 22,449| 22,489| 22,529| 22,570| 22,610| 22,651| 22,691| 22,732| 22,773| 22,978| 23,185
Residential Customers % growth - year 2.2% 2.1%| 2.8%| 2.7% 6.3%| -1.9% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8%
Comercial Customers % growth - year 3.2%| 0.4%| 43%| 0.2%| 4.8%| 0.5%| 0.5%| 0.5%| 05%| 05%| 0.5%| 05%| 0.5% 0.5%| 0.5%| 0.5%
Industrial Customers % growth - year 1.6%| -4.7%| -9.3%| 0.2%| 4.2%| 25%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2% 0.2%| 0.2%| 0.2%
BASE CASE DELAYED 2011A| 2012A| 2013A| 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Residential Customers Number 146,620| 151,480 157,064 162,028| 166,504| 166,130( 171,577 175,737| 179,896| 184,056 | 188,215| 192,375| 196,534 200,694 | 204,853 | 225,651 | 246,448
Comercial Customers Number 14,241| 14,817| 15,176| 15,047| 15457| 16,136| 16,361| 17,110| 17,809| 18,538| 19,377| 20,251| 26,022| 30,193| 34,805| 48,417| 47,763,
Industrial Customers Number 561 581 633 705 743 747 726 761 795 830 870 912 1,175/ 1,367 1,580| 2,230] 2,231
Residential Customers GWh 195.1) 205.9| 218.1| 231.2| 244.2| 259.0 262.4| 273.7| 285.3| 297.2| 309.5| 322.1| 335.0 3484| 362.1| 436.5| 521.8
Comercial Customers GWh 74.3 79.8 82.0 84.8 87.3] 95.5 97.3| 102.2| 106.9| 111.8| 117.4| 123.2| 159.1| 185.5| 214.8| 305.8| 308.8
Industrial Customers GWh 161.0) 169.4| 175.8| 177.5| 187.5| 196.4| 1956/ 205.5| 214.9| 224.7| 236.0 247.8| 319.8| 372.8| 431.8| 614.8| 620.7
Residential Customers % share / Total 45.3%| 45.3%| 45.8%| 46.8%| 47.1%| 47.0%| 47.3%| 47.1%| 47.0%| 46.9%| 46.7%| 46.5%| 41.2%| 38.4%| 35.9%| 32.2%| 36.0%
Comercial Customers % share / Total 17.3%| 17.5%| 17.2%| 17.2%| 16.8%| 17.3%| 17.5%| 17.6%| 17.6%| 17.6%| 17.7%| 17.8%| 19.5%| 20.5%| 21.3%| 22.5%| 21.3%
Industrial Customers % share / Total 37.4%| 37.2%| 36.9%| 36.0%| 36.1%| 35.7%| 35.2%| 35.3%| 35.4%| 35.5%| 35.6%| 35.7%| 39.3%| 41.1%| 42.8%| 45.3%| 42.8%
Residential Customers KWh/Client - Month 111 113 116 119 122 130 127 130 132 135 137 140 142 145! 147 161 176
Comercial Customers KWh/Client - Month 435 449 450 470 470 493 496 498 500 502 505! 507 510 512 514 526 539!
Industrial Customers KWh/Client - Month | 23,920| 24,292| 23,141| 20,987| 21,024| 21,910| 22,449| 22,489| 22,529| 22,570| 22,610| 22,651| 22,691| 22,732| 22,773| 22,978| 23,185
Residential Customers % growth - year 2.2% 2.1%| 2.8%| 2.7% 6.3%| -1.9% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8% 1.8%
Comercial Customers % growth - year 3.2%| 0.4%| 4.3%| 0.2%| 4.8%| 05%| 0.5%| 05%| 05%| 0.5% 05%| 0.5%| 0.5%| 05% 0.5%| 0.5%
Industrial Customers % growth - year 1.6%| -4.7%| -9.3%| 0.2%| 4.2%| 25%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2%| 0.2% 0.2%| 0.2%| 0.2%

Source: Consultant
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An analysis of the following variables was made |
system:

Self-generators switching into national grid

Electricity losses (including loss reduction estimates)
Essequibo sales

Auxiliaries and selconsumption

Linden demand

Nonserved demand

Distributed generation and Energy Efficiency measures

E R ]

The Consultant queried GPL and officials with latest availablegesiération data in Guyana and were
advised to use an updated information as of 2016 of the survey performed in 2010 by John Cush. This
informationestimated that in 2010 the installed capacity ofgetferation in Guyana was about 47 MW

(58.4 kVA with 0.8 power factor), and that 10.94 GWh/month is generated by thgeselfators (0.32

plant factor), equivalent to an annual consumption of abou8X3Wh/year.

The new updated information (presentedppendix C) shows that in 2016 the installed capacity of
self-generation in Guyana is 61 MW (76.6 kVA wilt8 power factor). Such updated information does

not provide the load factor of such clients; therefore we applied the same load factor of 2010 survey,
which yields that annual consumption of sgdiherators is about 171.2 GWh/year (0.32 plant factor).

61MW i s equivalent to about 35% of DBI S6s actual a
using LFO with only one enterprise using HFO, and thatgaieration is mostly being used to secure
reliable supply and, in some cases, to reduce thetpstver during peak consumption hours.

We note that Cush (2010) survey estimated that 31 MW ofgsekrators capacity (i.e. 66% of self
generators) would switch to GPLO&6s interconnected
other econonti power generation alternative expansion). As Guyana enters intgongantional

renewable energy generation capacity that would reduce electricity costs to final consumers, self
generators would find it rati ontatariffstwoulddevihgageh b ac k
than the cost of setfeneration and adequate quality of service is offered.

In this study, the assumptions made in PPA Energy Consultants (2013) abgehsetftion switching

to DBIS interconnected system were applied. Therefore the Consultant assumed thagetlesatbrs

will switch to the Grid in a linear way in 4 yeargcarding toTable11, starting in 2025. In such table,
average demand of sej&nerators grows at an annual rate slightly above Low Case scenariail(non
economy).We did not increased sajenerators power demand with the growth rates of Base Case in
order to reflect that some of this sginerating capacity would be replaced either with solar PV panels
and/or natural gas diiquefied Petroleum Ga$.PG) power generatian
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Table 11 New electricity demand from seHgenerators switching to DBIS

Self Generation Migration BASE 2016 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2035
Self Generation migration to DBIS6 0% 0% 0% 0% 0% 0% 0% 25% 50% 75% 100% 100% 100% 100%
Self Generation MW 61.3 646 76.6 79.6 826 857 889 921 956 99.1 102.7 106.4 110.3 131.5
Growth per year % 54% 3.8% 3.8% 3.8% 3.8% 3.7% 3.7% 3.7% 3.7% 3.7% 3.6% 3.6% 3.6%
Average Generation GWh 171.2 180.5 214.1 222.2 230.6 239.3 248.2 257.4 266.9 276.7 286.8 297.3 308.0 367.3
Self Generation migrated to DBISMW 00 00 00 00 00 00 00 230 478 74.3 102.7 106.4 110.3 1315
Additional Demand GWh 00 00 00 00 00 0.0 0.0 643 1334 207.5 286.8 297.3 308.0 367.3
Load Factor % 32% 32% 32% 32% 32% 32% 32% 32% 32% 32% 32% 32% 32% 32%

Source: Consultant using GPL updated information and PPA (2013), ME (2010) and Cush (2010)

Power demand forecasts for the [3BAas estimated considering its interconnectiath Lindenin

20244, Specifically, it was assumed that Linden Electricity Company (LECI) and Omai Bauxite Mining
Inc. (OBMI) would become major customers of electricitywill occur either (i)when atransmission

l ine that interconnects Linden iingwhyd®dlectiocpowgrr i d
plant would be installed to supply DBIS, with its transmission connection (two circuits at 230 kV)
crossing near Linderor (i) if the hydroelectric power plaris not selectedn the expansion plasuch
transmission line would be built and Linden would be connected to DBIS at®9 kV

Linden is the second largest city in Guyana after Georgetown, and capital of the Denfteebime

region It is located 107 km from Georgetown and has a population of around 60,000 citizens. It is
primarily a bauxite mining region as OBMI, which is located near Linden, is the main source of economic
activity in the locality. Total electricity consumptionlahden has varied since 2007 between 65 and 71
GWh per year, depending on the activity of the mining company as shovali@l2 that summarizes
historical data of lnden energy consumption.

24 However it execution may be delayed taking into account that one major aspect still to be solved to support its
eventual financiasustainability is that tariffs charged by Linden Electricity Company have been at well below cost
recovery levels (being subsidized by the Government) and a key issue is the increase rate at which they will be
brought into line with tariffs in the rest tife country. Civil disturbances in Linden have led to the postponement of
tariff increases.

25As shown in Appendix H of Brugman (2016), from the point of view of the overall economy of Guyana, a 69 kV
DBIS-Linden transmission system would be atractiveupply Linden demand, Thaevelopment of mid size
hydroelectric power plants to supply DBIS demand wowdduire the istdlation of a 230 kV transmission
connection (2 circuits) crossing near Linden (as well as the potential future Arco Norte tramssyisgm). In this

way if the optimal generation expansion of DBIS would include such hydros, the LinB&iS transmission

system could be built at 230 kV and advanced to 2024. Under this situation and depending of the commissioning
dates, this system aldl be initially energized at 69 kV and then energized to 230 kV (a decision at this respect,
however, sould take into consideration the costs and requirements of the new 69 or 230 kV sQbstations
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Table 12. Linden electricity sales
Linden Electricity Sales (GWh) 2006 2007 2008 2009 2010 2011 2012 2013 2014

Bauxite Sales 21.2 26.1 28.6 21.0 21.3 25.3 253 25.7 24.9
Linden Community 43.2 42.7 42.4 44.7 46.9 46.5 44.8 45.3 46.4
Total 64.3 68.8 71.0 65.7 68.2 71.8 70.1 71.0 71.3
Growth Bauxite Sales 233% 9.7% -26.5% 13% 18.7%  0.0% 1.4% -3.0%
Growth Linden Community -1.0% -0.8% 54% 49% -0.9% -3.6% 11% 2.4%
Growth Total Linden 7.0% 3.2% -7.5% 3.8% 52% -2.3% 12%  0.4%

Source: GPL: LECI 2015. The consultant queried in February 2018 data from Linden sales but such data was not available at
the date of this report.

To forecast Lindenb6és el ectr i ciydaywers indreased withthe | at e s
average annual growth rate equal to GPLO6s forecas
by a 0.23 factor (such factor was estimated bythenxG ul t ant and i s used to ref
power sales growth rate from 2007 until 2014 of 1.4% compares to 6.0% for the DBIS system in the same

period of time).

Additionally, Guyana and Brazil would develop road links crossing near Lindeefdherincremental
loads of 1.0 MW have been added in each year from 2018 to 2022 and additional 0.5 MW in each year
from 2023 onwards; such new loads were obtained from PPA Energy Consultants (20£8) study

A 0.742 load factor was used to convert nevdtoiato energy demand which was based on our historical
analysis oDBIS demand. This load factor is similar to the one used by PPA Energy Consultants (2013)
of 0.7829 who took a different approach by measuring the hourly load data from each of the power
stations that will eventually comprise the DBIS system. The following table shows Linden Demand
forecast before and after losses. Losses were obtained from averaging 2007 until 2011 Linden losses
(from LECI annual reports) and assumed constant until 202dnWwinden would be connected to DBIS
system (and OBMI electricity supply substituted for a GPL direct supply under existing GLP market
conditions, i.e. losses & Tariffs applied to OBMI and Linden users). After 2021, when Linden is
interconnected to DBISpsses are assumed equal to the forecasted losses of THHIB.13 shows
Lindends demand forecasts.

26 This load estimate correspond to new communities andnewnial activities relocated near Linden as attracted
by the new transportation infrastructure and commercial activity and in such conditions is considered as an
additional load in the area.
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Table 13. Linden electricity sales and derand forecast’

Linden Electricity Sales (GWh) 2014A 2015 2016 2017 2018 2019 2020 2021 2025 2030 2035
Total Linden Sales 713 72.1 73.1 73.3 74.1 74.8 82.7 88.8 90.3 91.9 93.4
Annual Growth Rate 0.4% 1.2% 1.4% 0.2% 1.1% 1.0% 10.5% 7.4% 0.3% 0.3% 0.3%
Adjustment Factor 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
GPL's sales growth Base Case 5.1% 6.2% 0.8% 4.7% 4.4% 45.7% 32.1% 1.4% 1.4% 1.3%
New loads per year

Capacity (MW) 0.0 0.0 0.0 0.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5
Cummulated Capacity (MW) 0.0 0.0 0.0 0.0 1.0 2.0 3.0 4.0 6.5 9.0 115
Load Factor 0.742 0.742 0.742 0.742 0.742 0.742 0.742 0.742 0.742 0.742 0.742
Energy (GWh) 0.0 0.0 0.0 0.0 6.5 6.5 6.5 6.5 3.2 3.2 3.2
Cummulated Energy (GWh) 0.0 0.0 0.0 0.0 6.5 13.0 195 26.0 42.2 58.5 74.7
Total Linden

Total Linden Sales (GWh) 71.3 72.1 73.1 73.3 74.1 74.8 82.7 88.8 90.3 91.9 93.4
New Load (GWh) 0.0 0.0 0.0 0.0 6.5 13.0 19.5 26.0 42.2 58.5 74.7
Total Linden Demand (GWh) 713 72.1 73.1 73.3 80.6 87.8 102.2 114.8 132.5 150.4 168.1
Total Losses Linden NA NA 18.0% 18.0% 18.0% 18.0% 18.0% 25.4% 23.0% 20.1% 17.1%
Technical Losses Linden NA NA 4.8% 4.8% 4.8% 4.8% 4.8% 13.7% 12.4% 10.7% 9.0%
Non-Technical Losses Linden NA NA 13.3% 13.3% 13.3% 13.3% 13.3% 11.7% 10.7% 9.4% 8.1%
Total Linden Demand final (GWh) 713 72.1 73.1 89.4 98.3 107.1 124.6 153.9 172.2 188.2 202.8

Source: Consultant.

In modelling Linden into DBIS, it was assumed that Linden is connected to the DBIS system around year
2024, when it is assumed that a new hydroelectric power plant would be installed to supply DBIS, with
its transmissiorconnection (two circuits at 230 kV) crossing near Linden (or, alternatively, a 69 kV

DBIS-Linden would be constructed).

As shown

25. 9 GWh
was 41.7 GWh.

Therefore, in order to estimate DBIS demand, we 4mak t

in the

in 2014,

iEX.i

st

i ng

gener at.i
interconnectedystem of GPL; however, GPL also serves other-intgrconnected rural systems, the
main being Essequibo region. Essequibo region had 11,982 clients in 2014 which consumed a total of

on and

from GPLOS

t

representi ng rb201F %ssequibotdentarad|

sal e
which correspond to Essequibo, which we forecasted using the same annual growth rate of the forecasted
sales of GPLas shown irmmable14.

Tablel4. Essequi bods region energy sales
Essequibo Sales Metric 2011A| 2012A[ 2013A| 2014A[ 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2025F| 2030F| 2035F
Essequibo - Base Case GwWh 22.6 235 24.8 25.9 39.5 41.6 41.7 43.6 45.6 66.4 87.7 94.2 101.9 108.9
Essequibo - High Case GWh 22.6 235 24.8 25.9 39.5 41.6 41.7 43.9 45.8 66.7 88.1 105.4. 132.6 161.1
Essequibo - Low Case Gwh 22.6 235 24.8 259 39.5 41.6 41.7 43.4 45.3 47.3 49.5 54.0 58.7 63.0
Essequibo - Base Case Delayed Gwh 22.6 235 24.8 259 39.5 41.6 41.7 43.6 45.6 47.6 49.8 75.7 101.9 108.9

Source: Consultant

ransmi s

GPLO

s the p

subtract

An estimate of energy not served in DBIS was obtained from energy not served by the entire GPL
Company.Table15 shows the energy not served (ENS) for the entire GPL s¥steirich on average,
GPLG6s

represents

(2.3% since2011).

about

2. 0%

of

tot al

s al

es per ye

27 Linden electricity demand forecasts were estimated includiegtriaity losses and the DBiSnden
interconnection in 2021. After this year it includes DBIS technical electricity losses as exporter system. Also, after
2021 nortechnical electricity losses in Linden are assumed to be progressively reduced withtrgmilaxf DBIS
nontechnical electricity losses.
28 ENS refers to non supplied electricty demand.
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Table 15. Energy not served in GPL's system

ENERGY NOT SERVED - GPL (MWh-year)
Year Generation| Network | Converter Total GPL Sales|GPL Generation |As % SalegAs % Generation
2008 7,938 4,951 0 12,888 355.6 566.0 3.6% 2.3%
2009 14,813 7,155 5,680 27,648 370.3 586.0 7.5% 4.7%
2010 6,469 6,994 5,214 18,678 413.5 626.0 4.5% 3.0%
2011 5,308 5,968 5,481 16,757 430.5 653.4 3.9% 2.6%
2012 5,648 6,533 4,210 16,390 455.1 690.2 3.6% 2.4%
2013 3,181 9,832 3,925 16,937 475.9 710.7 3.6% 2.4%
2014 4,135 7,145 2,630 13,910 493.6 717.1 2.8% 1.9%
2015 2,479 5,706 2,448 10,634 518.9 751.0 2.0% 1.4%
2016 11,180 550.9 798.8 2.0% 1.4%
2017 11,256 555.3 809.4 2.0% 1.4%

Source: GPL Not e: GPLO6s sales 2015 estimated

This study assumed that energy not served is about 1.4% of gross generation for forecasting purposes;
such level is the negerved engy as a percentage of gross generation in 2017.

The reduction of total D B I-t&hngcgl) sare mourpatet insveveags (t e c h
into the demand forecasts. Firstlyalthesoebsai iadt
order to arrive to DBI S6s fiNet Exported Uni t so;
forecasted from 2015 until 2035 showriliabe 16. Secondly, a fraction of the yearly reduction of non

technical losses was converted into paid electricity (i.e. sales), in line with other demand studies. For
instance, the Consultant assumed that not all future reductions-tdéctorical losses are carnted into
paid-electricity, as such reductions imply today fpaid electricity consumed by some users. The
Consultant assumed that 50% of the nontechnical loss reductions, as in PPA Energy Consultants (2013),

are converted into effective power sales.

Table 16. GPL technical and nontechnical losses forecast

Additional demand from Losses Reduction 2015A 2016A 2017A 2018 2019 2020 2025 2030 2035
Sales GPL Base Case GWh 519 551 555 581 607 884 1,254 1,357 1,451
Sales GPL High Case GWh 519 551 555 584 610 888 1,404 1,766 2,146
Sales GPL Low Case GWh 519 551 555 578 604 630 720 782 840
Sales GPL Base Case Delayed GWh 519 551 555 581 607 634 1,009 1,357 1,451
Technical Losses % 14.9% 14.5% 14.5% 14.1% 14.1% 14.1% 12.4% 10.7% 9.0%
Commercial Losses % 14.3% 14.7% 15.1% 14.7% 14.0% 14.0% 12.0% 10.1% 8.1%
Total Losses % 29.2% 29.2% 29.6% 28.7% 28.1% 28.1% 24.4% 20.8% 17.1%
Reduction in Commercial Losses % 04% 1.1% 1.1% 3.1% 50% 7.0%
Reductions (Energy) - Base Case GWh 0.0 0.0 2.4 6.6 96 383 681 1014
Reductions (Energy) - High Case GWh 0.0 0.0 2.4 6.6 9.7 429 88.7 149.9
Reductions (Energy) - Low Case GWh 0.0 0.0 2.3 6.6 6.8 220 39.3 587
Reductions (Energy) - Base Case DelayedGWh 0.0 0.0 2.4 6.6 6.9 308 681 1014
Conversion Factor % 50% 50% 50% 50% 50% 50% 50% 50%
Additional demand from Losses Reduction GWh 1.2 3.3 4.8 19.1 34.1 50.7
Additional demand from Losses Reduction GWh 1.2 3.3 4.8 21.4 443 75.0
Additional demand from Losses Reduction GWh 1.2 3.3 34 11.0 196 293
Additional demand from Losses Reduction GWh 1.2 3.3 3.4 154 34.1 507

Source: Consultant using GPL (2013a). GPL D&E Programme Draft inquires
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Auxiliaries are forecasted in this study in absolute terms usirgearZhistorical average, which implies

a reduction on a relative reduction against gross generation. Such reduction in relative auxiliaries and
selfconsumption reflects the use of newngeation plants (and the replacement of old motor units) for
baseload operation that would reduce the dependency on older plants that were using up to 5% of their
generation for auxil i ar i e sTableA7showdthe higtaticaliamxiliaBGd3L 6 s
and selfconsumption patterns applied in the forecasts.

Table 17. Auxiliaries and selfconsumption

SR Auxiliaries /
. N Station Converter GPL Own Use

Year Gross Generation | Auxillaries L . Gross
Auxillaries Losses and Consumption .

o Generation

Auxilliary

2011 653,375 24,161 18,091 6,070 893 3.7%
2012 690,214 22,880 17,690 4,777 934 3.3%
2013 710,692 21,664 16,152 4,559 953 3.0%
2014 717,107 20,776 16,498 3,249 1,029 2.9%
2015 751,014 20,030 16,010 3,006 1,014 2.7%
2016 798,796 21,817 18,045 3,150 623 2.7%
2017 809,410 21,054 18,276 2,287 491 2.6%

Source: GPL and Consultardtienate for 2015

Tablel8shows t he esti mat e -ades a@dirgvaatsdhatsix emdbs coritriblitec i t vy
77% of the total electricity use in Guyana.

Table 18. End uses of electity in DBIS in 2015

End-Use % Cumulated
Motors 26.6% 26.6%
Lighting 22.9% 49.5%
All air conditioning 15.1% 64.6%
All refrigeration 6.3% 70.9%
All mechanical ventilation 4.1% 74 .9%
Standalone fridges and freezers™ 2.6% 77.6%

*Although this category is the tenth highest in terms of electricity use it is included in the list as it is combined with
Refrigeration into one category for the purposes of analysis. Source: Brugman (2016)

EE measures for GuyanaBmugman (2016) were designed on such six main end uses and are described
in Appendix Eof this report. Such EE measures were ranked using their Levelized Cost of Electricity
Saved (LCOES) which is shown Appendix Fof this report. Only such EE meases that had LCOES’s

lower than the average power generation cost of DBIS, had the largest electricity savings and rationale of
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implementatio®® were chosen. This reduced the number of EE measures to implement in Guyana to
seven, which are listed Figure1l.

Figure 11. LCOES of the 10 EE measures (US$/KWh)

M1. IE3 Energy Efficient Motor - 0.022

M2. Variable speed drive (VSD) with IE3 - 0.019
L1B. Replace Filament bulb with LED bulb -0.006 I
L1B. Replace CFL bulb with LED bulb -0.010 .

L1C. Replace HPS Street Light with LED Street light -0.023 -

AC2. SEER 26 AC system _ 0.070
REF3. A+ Rated fridge _ 0.091

Source: Brugman (2016)
In 2035 these EE measures would reduce electricity demand in DBIS in around 99 GWh.
4.7.7.2 Distributed Generation

Distributed generation occurs when an-eisér install their own electricity generating device in order to
meet some or all of their demand. Disttibdl displacement occurs when users install a device which
provides the energy needed for a particular-esel which would have normally used electricity. The
consultant believes that the two most hopeful technologies in Guyana for displacing electmeinhdde

in this way are photovoltaic cells (sofalectric) and solar hot water (solar thermal) technologies. Both

are based on panels which are placed on a roof or other available surface and provide either electricity or
solar hot water for the engser. Wth distributed generation systems sizes are much smaller than systems
used at the utility scale with for instance a domestic system being typically sized to 1kW and a commercial
system to 8kW. Industrial PV systems are very site specific but can tyieadliythe order of 20kw and
upwards. This compares to a utility scale PV project which are larger than 1,000kW.

This study evaluates two technologies in Guyana for displacing electricity demand on a distributed (end

user) basis: (i) Photovoltaic cells (@pklectric) for commercial, industrial and community users and (ii)

residential solar water heaters (solar thermal) technolog¥esnote that although distributed wind
competitivenesérom 1kW to 100 kWhas improved and is now comparable to photowsitaithey are

more suitable for rural areas or low density rural areas because of safety,reslatusly large size
(rotor-diameters of about-9 meters of competitive distributed wind technologiesgund levels and

larger initial capital costd As aresult, distributed winds anothef easi bl e technol ogy fo

22The consultant made a cost benefit analysis of EE measures for IADB in 2016 until 2026, were applicability for
Guyana was discussed. This report uses the ggnmeasures selected in such study but with different targets for
year 2035. For instance, 40% of Brugman 2016 target are used in this study.

30 For instance, NREL estimates LCEOS of distributed wind between -002638 US$/KWh
(https://www.energy.gov/sitgsrod/files/2018/02/f49/DistributedVind-CompetitivenessmprovementProject

02-27.pdf) .

st Capital costs (at least US$4,000/kwW acding to NREL from
https://www.energy.gov/sites/prod/files/2017/08/f35/2@M@istributedWind-Market Report.pdf)
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areas?. Figure 12 shows the two (2) distributed generation measures selected with their LCOES
(Appendix Hshows assumptions used).

Figure 12. LCOES of the two (2) distributed generation measures (US$/KWh)

Solar hot water (65 gallon system)_ 0.12

Source: Consultant

Photovdtaics. About 3.1 MW of distributed Solar PV systems are installed in Guyana as 6f.20igh
penetrations of distributed generation can push the electricity grid to the limits of its operational capacity
by affecting both frequency and voltagec#émmonly used rule of thumb in the U.S. allows distributed

PV systems with peak powers up to 15% of the peak load on a¥eétlmvever, some recent more
detailed work by NREL suggests that in many cases a maximum penetration of 30% of peak power may
be psiblé®. Maximum demand in Guyana is expected to reach 251 MW by 2035 in the Low Case
Scenario and&@ MW in the Base Case Scenario. If a maximum penetration of PV of 20% of Low Case
Scenario’s demand is assumed then the maximum penetration of PV onsthe syould be
approximately 50 MW in 203gepresenting around 77 GWh of total demand reduction in that year (with
estimated capacity factor of 17.5%ices of PV systems are reducing in Guyana. For example GEA
installed an 8.46kW system in 2012 at a @rid 3,886 US$/KW whereas in 2016 they have installed a
10kW system at a price of 2,280 US$MNIN 2017 Guyana installed 813 kW solar systems in public
buildings and schools at an average cost of 1,686 US%/k¢uitable communitybased PV projects

could be constructed then the residential sector could also be included in these projects, but the technical
details of these projects would need to be worked through with appropriameesesting and billing
arrangements.

Solar hot waterThere is no directata on how much electricity is used to produce hot water for ablutions
(showers, baths and hamgshing) in Guyana. On the basis of imports of electricity using equipment it
has been assessed that the number of electric heating registdrasedn Guyara by 2035 would be
29,298 with an assumed average power usage of 1,500W and average operating réxt0baiirs, per

year (45hours per day). It has further been assumedatioaind40% of the electric resistors in use would

be used for water heating igh gives a total number of units in use of 11,538 in 2035. This gives an
overall electricity use of about 28 GWh/year for electrically heated hot water for ablutions in 2035. It
should also be noted that these estimates are based on units that woata: dispwater heating based

on electrical filaments. The actual number of solar thermal units which could be installed however is

32 However, beause of thaformentioned reasons, its potential penetraitioRBIS is included in the photovoltaics

demand as a substitute of photovoltaic solutions when
clients find them attractive.

33 GEA (2017)

34"|EEE Application Guide for IEEE Std 1547, IEEE Standard for Interconnecting Distributed Resources with

Electric Power Systems," IEEE Std 1542@08 , pp. 1207, April 15 2009.

35 Maximum Photovoltaic Penetration levels on Typical Distribution Feeg#&rsvailable at
http://www.nrel.gov/docs/fy120sti/55094.pdf, sourced on March 20, 2018.

36 Source: Personal communication from Leon DeSouza of GEA, recieved on April 19th 2016.

37 GEA (2017)
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likely to be much higher than this as other fuels such as oil and gas could also be displaced with this
measure.

The forecasts of electricity savings, marginal investment and number of interventions (i.e. replacement
of old appliances by new EE appliances) are showApjpendix F for EE measures and for distributed
generation measures are showAppendix H. In summary, the following bullets explain such results.

1 EE measures.Total number of interventions of the EE measures until year 2035 evaluated in this
study is estimated at 3.078 million.sfgnificant proportion of these interventions are in the form of
lighting replacements with LEDs. The additional capex (i.e. additional capex against the baseline of
not implementing the EE measure) required for all the EE measures up to 2035 is estirhated
US$ 24.37 million. Through implementation of these EE measures it is estimated that by 2035 the
electricity consumption would be reduced38/GWh in that year This is equivalent to a reduction
of about 4.2% percent of the total demand in the Base which would exist without EE measures.

1 RE photovoltaics projects.Photovoltaics systems installed on fresidential (i.e. industrial and
commercial users) and suitable residential community projects, and evaluated in this study, have the
potential toreduce electricity importsdm the grid by 7 GWh by 2035, or 4.6% of the total DBIS
demand in 2035 (Low Case Scenario). Installing 11,538 solar water heaters (65 gallon) systems has
the potentiato reduce electricity importdm the grid by 28 GWh by@5, or 1.7% of the total DBIS
demand in 2035.

9 Total (RE photovoltaics projects and EE measures).he cumulative total number of interventions
in the country of both RE photovoltaics and EE measures up to 2035 was estimated at approximately
3.1 million. Thre additional capex (i.e. additional capex against the baseline of not implementing EE
and RE photovoltaics) required for all the EE measures over the baseline up to 2035 is estimated to
be US$ 137.9 million. Through implementation of both RE photovol@ns EE measures it is
estimated that by 2035 the demand would be reducedd®h from the baseline estimate of 1656
GWh in 2035 (Low Case Scenario).

Table19 summarizes the main aspects of each EE measure and distributed generation forecasted in this
study.
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Table 19. Main valuesof the selectedRE projects and EE measuregcumulative 20182035)
Marginal Total Electricity Marginal  Total Total Number
LCOES Capex Capex Savings Capex Capex Interventions

USD/KWh USD/unit USD/unit MWh  USD k USD k Cummulative

M1 IE3 Energy Efficient Motor 0.022 380 1,120 47,452 937 2,763 2,467
M2 Variable speed drive (VSD) with IE3 0.019 1,300 2,420 328,169 3,207 5,969 2,467
M3 IE3+VSD+67mm pipe 0.108 38,300 86,824 0 0 0 0
L1B  Replace Filament bulb with LED bulb -0.006 7 8 129,370 2,940 3,392 452,265
L1B  Replace CFL bulb with LED bulb -0.010 3 8 130,032 6,973 19,320 2,575,947
L1C Replace HPS Street Light with LED Street light -0.023 250 400 134,565 5,251 8,402 21,006
AC1A Cool-roof paint on roof 0.021 10 40 0 0 0 0
AC1B Natural ventilation 0.047 100 100 0 0 0 0
AC2 SEER 26 AC system 0.070 387 762 43920 2,531 4,984 6,541
REF3 A+ Rated fridge 0.091 140 260 33,926 2,531 4,703 18,097
Sub-Total EE 847,434 24,371 49,533 3,078,79C

DG1 Photovoltaics (1 kWp) 0.160 1,800 1,800 680,910 90,372 90,372 50,206
DG2 Solar hot water (65 gallon system) 0.119 2,015 2,015 236,202 23,249 23,249 11,538
Sub-Total Distributed Generation 917,112 113,620113,620 61,744
TOTAL 1,764,546 137,992 163,153 3,140,534

SOURCE: Consultant

Table 20. Demand before and after Energy savings of EE and RE measures per scenario

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2030 2035
Base Case (DBIS with Linden 2024) MWhlyear 762,170788,273817,2371,180,8351,541,2731,575,6491,584,6431,762,7451,861,687 1,965,416 2,253,196 2,377,08!
Base Case + Distributed Gx + EE Measures MWh/year 762,170775,513799,6291,157,9411,509,8151,535,8581,536,1001,700,9841,786,7501,878,7182,116,0142,173,38:
EE Measures electricity Savings % 1.6% 2.2% 1.9% 2.0% 2.5% 3.1% 3.5% 4.0% 4.4% 6.1% 8.69
Demand Growth after EE % 1.8% 3.1% 44.8%  30.4% 1.7% 0.0%  10.7% 5.0% 5.1% 0.5% 0.59
High Case (DBIS with Linden 2024) MWh/year 762,170792,287 821,304 1,186,356 1,548,2291,629,2301,681,967 1,905,307 2,051,0402,203,174 2,750,916 3,193,101
Base Case + Distributed Gx + EE Measures MWh/year 762,170779,528803,697 1,163,4621,516,7701,589,4391,633,4241,843,5461,976,1042,116,4762,613,7352,989,39:
EE Measures electricity Savings % 1.6% 2.1% 1.9% 2.0% 2.4% 2.9% 3.2% 3.7% 3.9% 5.0% 6.49
Demand Growth after EE % 23% 3.1% 44.8% 30.4% 4.8% 2.8% 12.9% 7.2% 7.1% 2.7% 2.79
Low Case (DBIS with Linden 2024) MWh/year 762,170784,272813,160 848,029 879,106 911,253 917,1691,092,1161,187,8271,288,2501,554,8781,659,40!
Base Case + Distributed Gx + EE Measures MWh/year 762,170771,512795,552 825,135 847,648 871,462 868,6261,030,3551,112,8901,201,5521,417,6961,455,70:
EE Measures electricity Savings % 1.6% 2.2% 2.7% 3.6% 4.4% 5.3% 5.7% 6.3% 6.7% 8.8%  12.3%
Demand Growth after EE % 1.2% 3.1% 3.7% 2.7% 2.8% -0.3%  18.6% 8.0% 8.0% 0.6% 0.59
Base Case Delayed (DBIS with Linden 2024) MWhl/year 762,170788,273817,237 852,267 883,484 915,7741,063,6421,342,3501,551,7821,776,8292,253,1962,377,08!
Base Case + Distributed Gx + EE Measures MWhlyear 762,170775,513799,629 829,373 852,026 875,9831,015,0991,280,5891,476,8451,690,1312,116,0142,173,38!
EE Measures electricity Savings % 1.6% 2.2% 2.7% 3.6% 4.3% 4.6% 4.6% 4.8% 4.9% 6.1% 8.6
Demand Growth after EE % 1.8% 3.1% 3.7% 2.7% 2.8% 15.9% 26.2% 15.3% 14.4% 0.5% 0.59

SOURCE: Consultant.

4.8 Electric vehicles

Table 21 shows the electricity demand (GWh) forecasted from Electric Vehicles (EV) utilization in
Guyana (sedppendix Rfor explanation of these forecasts).

Table 21. Electric Vehicles: Electricity Demand per scenario

Demand from EV Unit 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Low Case Gwh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Base Case Gwh 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.6 2.4 3.3 4.2 5.0 6.0 6.9 7.8 8.8 9.8 10.8
Base Case Delaye@Wh 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.6 24 33 4.2 5.0 6.0 6.9 7.8 8.8 9.8 10.8
High Case Gwh 0.0 0.0 0.0 0.0 0.0 0.0 25 5.1 7.7 10.4 131 15.9 18.8 21.7 24.7 27.8 30.9 34.2

Source: Consultant

Using as a guideline 280,000 registered vehidd&suyana in 2018, we are forecasting the utilization of
5,100 EV in 2035 in Base Case and 16,000 EV in the High Tab&22 shows the total number of EV
vehicles ad its comparison to total registered vehicles and its share.
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Table 22. Electric Vehicles and total registered vehicles forecast

Unit 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Low Case GWh 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Base Case Gwh 0 0 0 0 0 0 374 757 1,148 1550 1,960 2,381 2,811 3,251 3,701 4,161 4,632 5114
Base Case DelayeBWh 0 0 0 0 0 0 374 757 1,148 1550 1,960 2,381 2,811 3,251 3,701 4,161 4,632 5114
High Case GWh 0 0 0 0 0 0O 1178 2,383 3,618 4,881 6,175 7,499 8,853 10,239 11,657 13,107 14591 16,108

Unit 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Low Case GWh 280,000 283,354 286,749 290,184 293,660 297,178 300,738 304,341 307,987 311,677 315,410 319,189 323,013 326,882 330,798 334,761 338,771 342,830
Base Case GWh 280,000 283,354 286,749 290,184 293,660 297,178 300,738 304,341 307,987 311,677 315,410 319,189 323,013 326,882 330,798 334,761 338,771 342,830
Base Case Delaye@Wh 280,000 283,354 286,749 290,184 293,660 297,178 300,738 304,341 307,987 311,677 315,410 319,189 323,013 326,882 330,798 334,761 338,771 342,830
High Case GWh 280,000 283,354 286,749 290,184 293,660 297,178 300,738 304,341 307,987 311,677 315,410 319,189 323,013 326,882 330,798 334,761 338,771 342,830
EV share Unit 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Low Case GWh 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 00% 0.0% 0.0% 00% 00% 00% 0.0% 00% 00% 00% 0.0%
Base Case GWh 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 01% 02% 04% 05% 06% 07% 09% 1.0% 11% 12% 14% 15%
Base Case Delaye@Wh 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 01% 02% 04% 05% 06% 07% 09% 1.0% 11% 12% 14% 15%
High Case Gwh 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 04% 08% 12% 16% 20% 23% 27% 31% 35% 39% 43% 4.7%

Source: Consultant

These estimates assume that EV in Guyana would start to become available eft@02hduser
electricitytariffs decrease as a result of natural gas availability (and hydro availability later on) for power
generation becomes available and its distribution grid becomes more reliable. EV share in 2035 of 1.5%
of registered vehicles in Base Case and 4.7% in High @a&eiyana compares to otHeatam peers

2030 EV goals such as Chile (3.8%olombia (3.2%) and Costa Rica (5%). We note that such targets

are much lower than global forecasts since they reflect lower GDP per capita lel@lsnm than
developed countrieand also lower potential levels of tax subsidies to EV from governments. As well,
Base Case scenarios also assume a Compressed Natural Gas Vehicles (CNGV) penetration of 3% in 2035
due that such transport technology is more economically viable than Edwas s1Appendix R.

49 Resul ts of DBI S6 Electricity Demand Forecas

The following tablesTable23 until Table26) show, in detail, the above calculations for each of the four
scenarios.

Gross Generation in DBIS in 2017 was 809.4 GWh (inclydissequibo). After taking out 41.7 GWh

from Essequi bobs generation, Gross Generation in
which matches real DBIs generation.

Notice that to obtain system peak demand, in MW, from the Annual Demand, int@¥&tudy applied

a constant value of 0.755 (obtained from DBIS Electricity demand after EE of 762.2 GWh and DBIS
peak demand in 2017 of 115.3 MW) for the system load factor for all forecasted years. Real load factor
of DBIS was 76.0% in 2017.
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Table 23. Base case DBIS demand forecast with Linden

Base Case Metric 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Electricity Sales GWh 493.6] 5189 550.9 555.3 581.4| 607.1 884.3| 1168.5| 1204.4| 1220.8| 1237.5| 1254.4| 1357.1| 1451.3
Rate of Growth % 3.7% 5.1% 6.2% 0.8% 4.7% 4.4% | 45.7% | 32.1% 3.1% 1.4% 1.4% 1.4% 1.4% 1.3%
Residential GWh 231.2 244.2 259.0 262.4] 273.7 285.3 297.2 309.5 322.1 335.0 348.4/ 362.1 436.5 521.8
Commercial GWh 84.8 87.3 95.5 97.3 102.2 106.9 195.0 285.4| 293.1 294.3 295.4| 296.4 305.8| 308.8
Industrial Gwh 177.5| 1875 196.4 195.6 205.5| 2149 392.0 573.7 589.2 591.5| 593.8 595.9 614.8) 620.7
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 47.1%| 47.0%| 33.6%| 26.5%| 26.7%| 27.4%| 28.1%| 28.9%| 32.2%| 36.0%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.6%| 17.6%| 22.1%| 24.4%| 24.3%| 24.1%| 23.9%| 23.6%| 22.5%| 21.3%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.3%| 35.4%)| 44.3%| 49.1%| 48.9%| 48.5%| 48.0%| 47.5%| 45.3%| 42.8%
New loads from Self Generation Gwh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.3] 308.0] 367.3
Losses converted into sales Gwh 0.0 0.0 0.0 0.0 12 3.3 4.8 8.6 11.3 13.8 16.5 19.1 34.1 50.7
Sales from Essequibo region GWh -25.9 -39.5 -41.6 -41.7 -43.6 -45.6 -66.4 -87.7 -90.4 -91.6 -92.9 -94.2| -101.9] -108.9
Total Sales DBIS GWh 467.6] 479.4 509.3] 513.6 538.9| 564.8 822.7| 1089.4| 1125.3| 1143.0f 1161.1| 1243.7| 1597.3| 1760.3
Rate of Growth % 3.7% 2.5% 6.2% 0.9% 4.9% 4.8%| 45.7%| 32.4% 3.3% 1.6% 1.6% 7.1% 2.0% 2.0%
Residential GWh 231.2]| 2442 259.0) 262.4| 253.8 265.5 277.3 290.6]| 303.5 316.8| 330.4| 344.5] 420.8| 508.0
Commercial GwWh 84.8 87.3 95.5 97.3 95.1 100.5 182.8 268.3] 276.7 279.1 281.4| 2838 299.9 311.0
Industrial GWh 177.5 187.5 196.4 195.6 190.1 198.7 362.6 530.6 545.0 547.1 549.2 615.5 876.7 941.4
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 47.1%| 47.0%| 33.7%| 26.7%| 27.0%| 27.7%| 28.5%| 27.7%| 26.3%| 28.9%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.7%| 17.8%| 22.2%| 24.6%| 24.6%| 24.4%| 24.2%| 22.8%| 18.8%| 17.7%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.3%| 35.2%)| 44.1%)| 48.7%| 48.4%| 47.9%| 47.3%| 49.5%| 54.9%| 53.5%
Total Losses % 29.6%| 29.2%| 29.2%| 29.6%| 28.7%| 28.1%| 28.1%| 27.3%| 26.6%| 25.9%| 25.1%| 24.4%| 20.8%| 17.1%
Technical Losses % 14.0%| 14.9%| 14.5%| 14.5%| 14.1%| 14.1%| 14.1%| 13.7%| 13.4%| 13.0%| 12.7%| 12.4%| 10.7% 9.0%
NonTechnical Losses % 15.6%| 14.3%| 14.7%| 15.1%| 14.7%| 14.0%| 14.0%| 13.6%| 13.2%| 12.8%| 12.4%| 12.0%| 10.1% 8.1%
Net Exported Units GWh 663.9] 676.7 719.1 729.9 756.3| 785.1| 1143.6] 1499.1| 1533.0/ 1541.9| 1551.0| 1645.3| 2015.7| 2123.5
Rate of Growth % 1.7% 1.9% 6.3% 1.5% 3.6% 3.8%| 45.7%| 31.1% 2.3% 0.6% 0.6% 6.1% 1.0% 1.1%
Auxiliaries & Self-Consumption GWh 20.8 20.0 21.8 21.1 21.4 21.2 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
Gross Generation GWh 684.7) 696.7 740.9 750.9 777.8| 806.3| 1164.9] 1520.4| 1554.3| 1563.2| 1572.3| 1666.6| 2037.0| 2144.8
Rate of Growth % 1.5% 1.8% 6.3% 1.3% 3.6% 3.7%| 44.5%| 30.5% 2.2% 0.6% 0.6% 6.0% 1.0% 1.1%
Unserved Energy GWh 13.9 10.6 11.2 113 10.5 10.9 15.9 20.8 21.3 21.4 21.6 22.9 28.0 29.5
Unserved Energy % 1.9% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4%
Electricity Demand before Linden GWh 698.6| 707.4 752.1 762.2 788.3| 817.2| 1180.8| 1541.3| 1575.6| 1584.6] 1593.8| 1689.5| 2065.0| 2174.3
Linden Interconnection GWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 168.9 172.2 188.2 202.8
DBIS Electricity Demand before EE  |[GWh 698.6 707.4 752.1 762.2 788.3 817.2| 1180.8| 1541.3| 1575.6| 1584.6| 1762.7| 1861.7| 2253.2| 2377.1
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 3.4% 3.7%| 44.5%| 30.5% 2.2% 0.6%| 11.2% 5.6% 1.1% 1.1%
EE measures GWh 12.8 17.6 22.9 315 39.8 48.5 61.8 74.9 137.2 203.7
DBIS Electricity Demand after EE GWh 698.6 707.4 752.1 762.2 775.5 799.6] 1157.9| 1509.8| 1535.9| 1536.1| 1701.0| 1786.7| 2116.0| 2173.4
Electric Vehicles 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.6 6.0 10.8
DBIS Electricity Demand GWh 698.6 707.4 752.1 762.2 775.5 799.6| 1157.9| 1509.8| 1535.9| 1536.1| 1701.8] 1788.4| 2122.0| 2184.2
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 1.8% 3.1%| 44.8%| 30.4% 1.7% 0.0%| 10.7% 5.0% 0.5% 0.5%
Load Factor 0.732| 0.740| 0.755 0.755| 0.755 0.755| 0.755| 0.755 0.755| 0.755 0.755| 0.755| 0.755
Maximum Demand MW 110.3 116.1 115.3 117.3 121.0 175.2 228.4 232.3 232.4 257.4 270.5 321.0 330.4
Source: Consultant
Table 24. High case DBIS demand forecast with Linden
High Case Metric 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Electricity Sales GWh 493.6| 5189| 550.9| 555.3] 584.2] 609.9] 888.3] 1173.6| 1245.7| 1296.6| 1349.5| 1404.3| 1766.3| 2146.2
Rate of Growth % 3.7% 5.1% 6.2% 0.8% 5.2% 4.4%| 45.6% | 32.1% 6.1% 4.1% 4.1% 4.1% 4.0% 4.0%
Residential Gwh 231.2| 244.2| 259.0( 262.4| 273.7| 285.3| 297.2| 309.5| 322.1| 335.0[ 348.4| 362.1| 436.5| 521.8
Commercial Gwh 84.8 87.3 95.5 97.3 103.2 107.8 196.3 287.1 306.8 319.4 332.6 346.2 441.8 539.6
Industrial Gwh 177.5 187.5 196.4 195.6 207.4 216.8 394.7 577.1 616.8 642.1 668.5 696.0 888.1| 1084.7
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 46.8%| 46.8%| 33.5%| 26.4%| 25.9%| 25.8%| 25.8%| 25.8%| 24.7%| 24.3%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.7%| 17.7%| 22.1%| 24.5%| 24.6%| 24.6%| 24.6%| 24.7%| 25.0%| 25.1%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.5%| 35.5%| 44.4%| 49.2%| 49.5%| 49.5%| 49.5%| 49.6%| 50.3%| 50.5%
New loads from Self Generation Gwh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.3| 308.0] 367.3
Losses converted into sales Gwh 0.0 0.0 0.0 0.0 12 3.3 4.8 8.7 117 14.7 17.9 21.4 44.3 75.0
Sales from Essequibo region Gwh -25.9 -39.5 -41.6 -41.7 -43.9 -45.8 -66.7 -88.1 -93.5 -97.3| -101.3| -105.4| -132.6] -161.1
Total Sales DBIS GWh 467.6] 479.4 509.3 513.6 541.6 567.5 826.4| 1094.2| 1163.8| 1214.0| 1266.1| 1384.7| 1986.1| 2427.3
Rate of Growth % 3.7% 2.5% 6.2% 0.9% 5.4% 4.8%| 45.6%| 32.4% 6.4% 4.3% 4.3% 9.4% 4.1% 4.1%
Residential GWh 231.2| 2442 259.0 262.4 253.8 265.5 277.3 290.6 303.7 317.2 331.2 345.6 425.9 520.1
Commercial Gwh 84.8 87.3 95.5! 97.3 96.0 1014 184.0( 269.9] 289.6 302.8] 316.6] 331.0] 430.8/ 536.6
Industrial Gwh 1775 1875 196.4| 195.6] 191.8| 200.5| 365.1] 533.8] 5705 593.9] 618.4| 708.1| 1129.4| 1370.6
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 46.9%| 46.8%| 33.6%| 26.6%| 26.1%| 26.1%| 26.2%| 25.0%| 21.4%| 21.4%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.7%| 17.9%| 22.3%| 24.7%| 24.9%| 24.9%| 25.0%| 23.9%| 21.7%| 22.1%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.4%| 35.3%| 44.2%| 48.8%| 49.0%| 48.9%| 48.8%| 51.1%| 56.9%| 56.5%
Total Losses % 29.6%| 29.2%| 29.2%| 29.6%| 28.7%| 28.1%| 28.1%| 27.3%| 26.6%| 25.9%| 25.1%| 24.4%| 20.8%| 17.1%
Technical Losses % 14.0%| 14.9%)| 14.5%| 14.5%| 14.1%| 14.1%| 14.1%| 13.7%| 13.4%| 13.0%| 12.7%| 12.4%| 10.7% 9.0%
NonTechnical Losses % 15.6%| 14.3%| 14.7%| 15.1%| 14.7%| 14.0%| 14.0%| 13.6%| 13.2%| 12.8%| 12.4%| 12.0%| 10.1% 8.1%
Net Exported Units GWh 663.9| 676.7| 719.1 729.9] 760.0| 788.8| 1148.7| 1505.7| 1585.6| 1637.6] 1691.3| 1831.8| 2506.3| 2928.0
Rate of Growth % 1.7% 1.9% 6.3% 1.5% 4.1% 3.8%| 45.6%| 31.1% 5.3% 3.3% 3.3% 8.3% 3.2% 3.2%
Auxiliaries & Self-Consumption Gwh 20.8 20.0 21.8] 21.1 21.4 21.2 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
Gross Generation GWh 684.7| 696.7 740.9 750.9 781.4 810.0{ 1170.1] 1527.0| 1606.9| 1658.9| 1712.6] 1853.1| 2527.6] 2949.3
Rate of Growth % 1.5% 1.8% 6.3% 1.3% 4.1% 3.7%| 44.4%| 30.5% 5.2% 3.2% 3.2% 8.2% 3.1% 3.1%
Unserved Energy GwWh 13.9 10.6 11.2 11.3 10.9 11.3 16.3 21.2 22.3 23.1 23.8 25.8 35.1 41.0
Unserved Energy % 1.9% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4%
Electricity Demand before Linden GWh 698.6| 707.4 752.1 762.2 792.3 821.3| 1186.4| 1548.2| 1629.2| 1682.0| 1736.4| 1878.8| 2562.7| 2990.3
Linden Interconnection Gwh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0] 168.9] 172.2 188.2| 202.8
DBIS Electricity Demand GWh 698.6| 707.4| 752.1 762.2| 792.3| 821.3| 1186.4| 1548.2| 1629.2| 1682.0] 1905.3| 2051.0| 2750.9| 3193.1
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 4.0% 3.7%| 44.4%| 30.5% 5.2% 3.2%| 13.3% 7.6% 3.0% 3.0%
EE measures Gwh 12.8 17.6 22.9 31.5 39.8 48.5 61.8 74.9 137.2 203.7
DBIS Electricity Demand after EE GWh 698.6| 707.4 752.1 762.2 779.5 803.7| 1163.5| 1516.8| 1589.4| 1633.4| 1843.5| 1976.1| 2613.7| 2989.4
Electric Vehicles 0.0 0.0 0.0 0.0 0.0 0.0 2.5 5.1 18.8 34.2
DBIS Electricity Demand GWh 698.6| 707.4 752.1 762.2 779.5 803.7| 1163.5| 1516.8]| 1589.4| 1633.4| 1846.0| 1981.2| 2632.5| 3023.6
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 2.3% 3.1%| 44.8%| 30.4% 4.8% 2.8%| 12.9% 7.2% 2.7% 2.7%
Load Factor 0.732 0.740 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755
Maximum Demand MW 110.3 116.1 115.3 117.9 121.6 176.0 229.5 240.4 247.1 279.3 299.7 398.2 457.4

Source: Consultant
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Table 25. Low case DBIS demand forecast withinden

Low Case Metric 2014A| 2015A| 2016A| 2017A| 2018F| 2019F| 2020F| 2021F| 2022F| 2023F| 2024F| 2025F| 2030F| 2035F
Electricity Sales GWh 493.6] 5189 550.9 555.3 578.1] 603.7 630.2 659.2 689.3 699.4 709.5 719.8 782.4] 839.7
Rate of Growth % 3.7% 5.1% 6.2% 0.8% 4.1% 4.4% 4.4% 4.6% 4.6% 1.5% 1.5% 1.4% 1.4% 1.4%
Residential GWh 231.2| 2442 259.0) 2624 273.7 285.3 297.2 309.5| 3221 335.0) 348.4| 362.1| 436.5| 521.8
Commercial Gwh 84.8 87.3 95.5 97.3 101.1 105.8 110.6 116.2 122.0 121.0 120.0 118.8 114.9 105.6
Industrial GWh 177.5| 187.5 196.4 195.6 203.3 212.6 222.4 233.6] 2453 243.3 241.2 238.9 231.0] 2123
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 47.3%| 47.3%| 47.2%| 46.9%| 46.7%| 47.9%| 49.1%| 50.3%| 55.8%| 62.1%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.5%| 17.5%| 17.6%| 17.6%| 17.7%| 17.3%| 16.9%| 16.5%| 14.7%| 12.6%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.2%| 35.2%| 35.3%| 35.4%| 35.6%| 34.8%| 34.0%| 33.2%| 29.5%| 25.3%
New loads from Self Generation GWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.3 308.0 367.3
Losses converted into sales Gwh 0.0 0.0 0.0 0.0 12 3.3 3.4 4.9 6.5 7.9 9.4 11.0 19.6 29.3
Sales from Essequibo region GWh -25.9 -39.5 -41.6 -41.7 -43.4 -45.3 -47.3 -49.5 -51.7 -52.5 -53.3 -54.0 -58.7 -63.0
Total Sales DBIS GWh 467.6] 479.4 509.3 513.6 535.9 561.7 586.4 614.6 644.1 654.8 665.7 741.1| 1051.3| 1173.3
Rate of Growth % 3.7% 2.5% 6.2% 0.9% 4.3% 4.8% 4.4% 4.8% 4.8% 1.7% 1.7%| 11.3% 2.2% 2.2%
Residential GWh 231.2] 2442 259.0 262.4 253.7 265.5 276.6 288.7 301.1 313.8 326.9 340.4 413.6 497.3
Commercial GWh 84.8 87.3 95.5 97.3 94.1 99.5 104.0 109.9 116.1 115.9 115.7 1154 116.1 112.4
Industrial GWh 177.5 187.5 196.4 195.6 188.0 196.7 205.7 216.0 226.9 225.0 223.1 285.3 521.7 563.6
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 47.3%| 47.3%| 47.2%| 47.0%| 46.8%| 47.9%| 49.1%| 45.9%| 39.3%| 42.4%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.6%| 17.7%| 17.7%| 17.9%| 18.0%| 17.7%| 17.4%| 15.6%| 11.0% 9.6%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.1%| 35.0%| 35.1%| 35.1%| 35.2%| 34.4%| 33.5%| 38.5%| 49.6%| 48.0%
Total Losses % 29.6%| 29.2%| 29.2%| 29.6%| 28.7%| 28.1%| 28.1%| 27.3%| 26.6%| 25.9%| 25.1%| 24.4%| 20.8%| 17.1%
Technical Losses % 14.0%| 14.9%| 14.5%| 14.5%| 14.1%| 14.1%| 14.1%| 13.7%| 13.4%| 13.0%| 12.7%| 12.4%| 10.7% 9.0%
NonTechnical Losses % 15.6%| 14.3%| 14.7%| 15.1%| 14.7%| 14.0%| 14.0%| 13.6%| 13.2%| 12.8%| 12.4%| 12.0%| 10.1% 8.1%
Net Exported Units GWh 663.9] 676.7 719.1 729.9 752.1 780.8 815.1 845.8 877.4 883.3 889.2 980.4| 1326.6| 1415.3
Rate of Growth % 1.7% 1.9% 6.3% 1.5% 3.0% 3.8% 4.4% 3.8% 3.7% 0.7% 0.7%| 10.3% 1.3% 1.3%
Auxiliaries & Self-Consumption GWh 20.8 20.0 21.8 21.1 214 21.2 21.3 21.3 21.3 21.3 21.3 21.3 213 21.3
Gross Generation GWh 684.7) 696.7 740.9 750.9 773.5| 802.0 836.4 867.0) 898.8 904.6]| 910.5| 1001.7| 1347.9| 1436.6
Rate of Growth % 1.5% 1.8% 6.3% 1.3% 3.0% 3.7% 4.3% 3.7% 3.7% 0.6% 0.7%| 10.0% 1.3% 1.3%
Unserved Energy GWh 13.9 10.6 11.2 113 10.8 11.2 11.6 12.1 12.5 12.6 12.7 13.9 18.7 20.0
Unserved Energy % 1.9% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4%
Electricity Demand before Linden GWh 698.6| 707.4 752.1 762.2 784.3 813.2 848.0 879.1 911.3 917.2 923.2| 1015.6] 1366.7| 1456.6
Linden Interconnection GWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 168.9 172.2 188.2 202.8
DBIS Electricity Demand GWh 698.6| 707.4 752.1 762.2 784.3 813.2 848.0 879.1 911.3 917.2| 1092.1| 1187.8| 1554.9| 1659.4
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 2.9% 3.7% 4.3% 3.7% 3.7% 0.6%| 19.1% 8.8% 1.3% 1.3%
EE measures Gwh 12.8 17.6 22.9 315 39.8 48.5 61.8 74.9 137.2 203.7
DBIS Electricity Demand after EE GWh 698.6| 707.4 752.1 762.2 7715 795.6 825.1 847.6 871.5 868.6| 1030.4| 1112.9| 1417.7| 1455.7
Electric Vehicles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DBIS Electricity Demand GWh 698.6| 707.4 752.1 762.2 7715 795.6 825.1 847.6 8715 868.6] 1030.4| 1112.9| 1417.7| 1455.7
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 1.2% 3.1% 3.7% 2.7% 2.8%| -0.3%| 18.6% 8.0% 0.6% 0.5%
Load Factor 0.732 0.740! 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755 0.755
Maximum Demand MW 110.3 116.1 115.3 116.7 120.3 124.8 128.2 131.8 131.4 155.9 168.4 214.5] 220.2
Source: Consultant
Table 26. Base case delayed DBIS demand forecast with Linden
Base Case Delayed Metric | 2014A[ 2015A] 2016A[ 2017A] 2018F] 2019F] 2020F] 2021F[ 2022F] 2023F] 2024F] 2025F| 2030F| 2035F,
Electricity Sales GWh 493.6| 518.9| 550.9 555.3 581.4 607.1 633.7 662.8 693.1) 814.0/ 906.7| 1008.6| 1357.1] 1451.3
Rate of Growth % 3.7% 5.1% 6.2% 0.8% 4.7% 4.4% 4.4% 4.6% 4.6% | 17.4%| 11.4%| 11.2% 1.4% 1.3%
Residential GWh 231.2] 2442 259.0 262.4 273.7 285.3| 297.2 309.5 322.1 335.0) 348.4| 362.1| 436.5] 521.8
Commercial GWh 84.8 87.3 95.5 97.3 102.2 106.9 111.8 117.4 123.2 159.1 185.5 214.8 305.8 308.8
Industrial GWh 177.5| 1875 196.4 195.6 205.5 214.9 224.7 236.0 247.8| 319.8] 372.8| 4318 614.8 620.7
Residential % 46.8%| 47.1%| 47.0%| 47.3%| 47.1%| 47.0%| 46.9%| 46.7%| 46.5%| 41.2%| 38.4%| 35.9%| 32.2%| 36.0%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.6%| 17.6%| 17.6%| 17.7%| 17.8%| 19.5%| 20.5%| 21.3%| 22.5%| 21.3%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.3%| 35.4%| 35.5%| 35.6%| 35.7%| 39.3%| 41.1%| 42.8%| 45.3%| 42.8%
New loads from Self Generation GWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.3 308.0 367.3
Losses converted into sales Gwh 0.0 0.0 0.0 0.0 12 3.3 3.4 4.9 6.5 9.2 121 15.4 34.1 50.7
Sales from Essequibo region GWh -25.9 -39.5 -41.6 -41.7 -43.6 -45.6 -47.6 -49.8 -52.0 -61.1 -68.1 -75.7| -101.9| -108.9
Total Sales DBIS GWh 467.6| 479.4 509.3 513.6 538.9 564.8 589.6 618.0 647.5 762.1 850.7| 1012.7| 1597.3| 1760.3
Rate of Growth % 3.7% 2.5% 6.2% 0.9% 4.9% 4.8% 4.4% 4.8% 4.8%| 17.7%| 11.6%| 19.0% 2.0% 2.0%
Residential GWh 231.2 244.2 259.0 262.4 253.8 265.5 276.6 288.7 301.1 314.5 328.2 342.6 420.8 508.0
Commercial GWh 84.8 87.3 95.5 97.3 95.1 100.5 105.1 111.0 117.2 151.8 177.6 206.4 299.9 311.0;
Industrial GWh 177.5| 1875 196.4 195.6 190.1 198.7 207.8 218.3 229.2 295.8| 344.9| 463.7 876.7) 9414
Residential % 46.8%| 47.1%| 47.0%)| 47.3%| 47.1%| 47.0%| 46.9%| 46.7%| 46.5%| 41.3%| 38.6%| 33.8%| 26.3%| 28.9%
Commercial % 17.2%| 16.8%| 17.3%| 17.5%| 17.7%| 17.8%| 17.8%| 18.0%| 18.1%| 19.9%| 20.9%| 20.4%| 18.8%| 17.7%
Industrial % 36.0%| 36.1%| 35.7%| 35.2%| 35.3%| 35.2%| 35.3%| 35.3%| 35.4%| 38.8%| 40.5%| 45.8%| 54.9%| 53.5%
Total Losses % 29.6%| 29.2%| 29.2%| 29.6%| 28.7%| 28.1%| 28.1%| 27.3%| 26.6%| 25.9%| 25.1%| 24.4%| 20.8%| 17.1%
Technical Losses % 14.0%| 14.9%| 14.5%| 14.5%| 14.1%| 14.1%| 14.1%| 13.7%| 13.4%| 13.0%| 12.7%| 12.4%| 10.7% 9.0%
NonTechnical Losses % 15.6%| 14.3%| 14.7%| 15.1%| 14.7%| 14.0%| 14.0%| 13.6%| 13.2%| 12.8%| 12.4%| 12.0%| 10.1% 8.1%
Net Exported Units GWh 663.9 676.7 719.1 729.9 756.3 785.1 819.5 850.4 882.2| 1028.0| 1136.3| 1339.6| 2015.7| 2123.5
Rate of Growth % 1.7% 1.9% 6.3% 1.5% 3.6% 3.8% 4.4% 3.8% 3.7%| 16.5%| 10.5%| 17.9% 1.0% 1.1%
Auxiliaries & Self-Consumption GWh 20.8 20.0 21.8 21.1 214 21.2 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
Gross Generation GWh 684.7| 696.7 740.9 750.9 777.8| 806.3] 840.9 871.7 903.5| 1049.3| 1157.6| 1361.0f 2037.0| 2144.8
Rate of Growth % 1.5% 1.8% 6.3% 1.3% 3.6% 3.7% 4.3% 3.7% 3.7%| 16.1%| 10.3%| 17.6% 1.0% 1.1%
Unserved Energy GWh 13.9 10.6 11.2 11.3 10.5 10.9 11.4 11.8 12.3 14.3 15.8 18.6 28.0 29.5
Unserved Energy % 1.9% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4% 1.4%
Electricity Demand before Linden GWh 698.6]| 707.4 752.1 762.2 788.3| 817.2 852.3 883.5 915.8]| 1063.6] 1173.4| 1379.6| 2065.0| 2174.3
Linden Interconnection GWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 168.9 172.2 188.2 202.8
DBIS Electricity Demand GWh 698.6| 707.4| 752.1 762.2 788.3| 817.2 852.3 883.5 915.8| 1063.6| 1342.4| 1551.8| 2253.2| 2377.1
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 3.4% 3.7% 4.3% 3.7% 3.7%| 16.1%| 26.2%| 15.6% 1.1% 1.1%
EE measures GWh 12.8 17.6 22.9 31.5 39.8 48.5 61.8 74.9 137.2 203.7
DBIS Electricity Demand after EE GWh 698.6| 707.4| 752.1 762.2 775.5 799.6| 829.4| 852.0 876.0| 1015.1| 1280.6| 1476.8| 2116.0| 2173.4.
Electric Vehicles 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.6 6.0 10.8
DBIS Electricity Demand GWh 698.6| 707.4| 752.1 762.2 775.5 799.6| 829.4| 852.0 876.0| 1015.1| 1281.4| 1478.4| 2122.0| 2184.2
Rate of Growth % 1.0% 1.3% 6.3% 1.3% 1.8% 3.1% 3.7% 2.7% 2.8%| 15.9%| 26.2%| 15.3% 0.5% 0.5%
Load Factor 0.000f 0.732 0.740 0.755 0.755 0.755] 0.755 0.755 0.755 0.755] 0.755 0.755 0.755 0.755
Maximum Demand MW 0.0/ 1103 116.1 115.3 117.3 121.0 125.5 128.9 132.5 153.6 193.8 223.7 321.0) 3304

Source: Consultant
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In Guyana, electricity costs have been driven significantly by priceleafy Fuel Oil HFO) andLight

Fuel Oil LFO) used for power generation, representing high volatility in recent years and implying high
tariffs for final users and significant leved§ CO2 emissions. Future DBIS power generation expansion
has options to reduce the costs of future electricity supply and the CO2 emissions. Those options are
based on hydro and several rmomventional energy renewable sources (mailind, Biomass and

Solar), or using cheaper indigenoNaturalGas, that could reduce the future use of liquid fuels for power
generation, It is expected that indigenous Natural Gas produced from the offshore Oil and Gas
developments now under execution in Stabroek Block (hR€s offshore Guyana) will be available
through pipeline after 2@ permitting to reduce power generation costs and tariffs for final users. This
fuel would be used as a transitional cleaner fuel toward the fulfilment of the environmental policy adopted
in the country to reach a goalz#gro CO2 emissions from the power generation in the long term. Coal, a
traditional cheap fuel available in the international market is not considered today as a potential fuel that
could be used in Guyana for power gerieragiven its high CO2 emission level.

The analysis of DBIS optimal generation expansion required the application of fuel prices forecasts for
all fuels that could be used for power generation in Guyana and these are related to the international fuel
prices.Table27 presents the scenarios foreseen by the U.S. Energy Information Administration (EIA) in
February 2018 for the futur@l prices. They were used in this study to estimate fuel prices for power
generation in Guyana.

Table 27. QOil prices' forecast

SCENARIOS 2017 2018 2019 2020 2025 2030 2035
WTI (USD/B)
Reference case 441 49.7 49.5 52.8 80.3 88.1 94.0
High oil price 441 49.7 76.3 101.5 154.1 177.1 190.2
Low oil price 44.1 49.7 22.6 25.2 31.6 33.6 37.0
High O&G res. and tech. 441 49.7 47.8 50.6 68.1 73.5 79.3
Low O&G res. and tech. 44.1 49.7 49.8 54.7 88.2 96.9 105.6

Source: EIAFebruary 201&at 2017 price level)

For the update of the generation expansion progranolibg/fng three fuel prices scenarios were selected
among the scenarios published in 2018 by the EIA: 1) Referencé® @deow Case (consisting in the
Low oil price), 3) High Case (consisting in the High oil pricEjgure 13 illustrates the selected
international oil price scenarios.

%The fAReference Caseo of fRieflermpern ce sCavea rfecsrp ofnudesl tpor it chee
Caseo for fuel prices to maintain coherence with EI Ads
the expansion analysis, was built wussendg afh ed dimernf d rgrnacvet
a 10% for discount rate.
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5.2 Fuels prices forecasts for Guyana

5.2.1 Liquid fuels and natural gas

5.2.1.1 Oil and Natural Gas resources

Guyanads

Oi

reserves

were obtained from US Depar

the secalled Region 5 covering Guyana, Suriname and French Guaspeesented illap 1.

Map 1. Guyana, Suriname and French Guyana (Region 5) location
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Such survey states that all Region 5 have reserves (mean estimates) of about 13,608 million of
undiscovered oil barrels and 32,032 billion of undiscovered cubic feet of lgasurveyestimated that
Guyana undiscovered mean resemksil are 2,205 million barrels of oil and 6,021 billion of cubic feet

of natural gas, most of them offshore.

Map 2. Guyana's offshore exploration blocks
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In addition the Guyana Office for Investment (GOI) in its website (aslafch2018) states that oil and

gas deposits in Guyanab6s offshore rrilicmeuiceet ar e
respectively GOl explains that these deposits occur sm@uyana Basin which covers the entire coastal
region and extersed150 km out into the Atlantic Ocean. According to Guyana Geology and Mines
Commission (GGMCY®, Guyana is divided into two Petroleum Basins named Guyana and Takutu,
respectively. The GuyanaaBin is further divided into twbasins, Onshore and Offshofde following
paragraphs describe the Basamsl the historical exploration activity

€ S

9 Onshore GuyanaBasinThe deepest part of alodil®0 nslesdronhteer n  fi b o u

GuyaneseCoastline. NABIOil And Gas, Inc. and ON Energync. companies have concessions
within this part of the Basin. Within the Onshore Guyana Basin, there was a chance of these blocks

being subjected to competitive bidding, however this does not take awaynanys pr er ogat i v

apply for concessions within this area. There were 13 wells drilled within this part of the Basin from
1916 to present day. Only Rose Halirilled in 1941 and Drilll in 1967 had oil shows. The eastern

part of the Onshore Guyanadda has the largest thickness of sediments reaching some 2,50 m.
should also be noted that the gas found on the coast is nearly all biogenic, with a very small area
yielding thermogenic gas.

1 Offshore Guyana BasinRepsol, Anadarko, Esso/Hess/Nexen, Mithntic Oil and Gas, Inc., Ratio
Energy/Guyana Ltd and CGX Resources Inc. have petroleum concessions in this part of the basin.
Presently, a number of companies are negotiating for concessions in the offshore Guyana Area. One
of the aspects of the Offsle Guyana Basin, is that from the near shore to around 80 miles to the
north, the seabed is generally on the continental shelf, then it moves to the slope and as one gets
further it reaches the deeyater area. From the northwest (where the Anadarkcessian is) to the
North-eastern area depths can be from 1,000 feet to more than 10,000 feet. This area is known as the

Auldeep waterso. Il n May 2015, ExxonMobi l mad e

drilling in Stabroek Block (120 miles ofisre Guyana) which have provided important reserves that

39 http://www.ggmc.gov.gy/main/?g=divisions/petroleum (last accesskthioh 2Q 2018).
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today are in development stage with the primary objective to produce oil directly for the international
markets.

1 Takutu Basin. Located in the southwestern area of Guyana lies the Kararhmigdl, this was
drilled in 1982 by Home Oil Companyhis was the best prosgt drilled within this Basin. Amall
amount of light crude was accruet@lests conducted on samples from Karanathif@mund that the oil
is of good quality ( 4&ythaPis$, )t comtaind less than 60.5% hydrogenwe et 0
sulphide. However, its geological characteristics are mainly naturally fractured reservoirs, thus
proving more difficult to find conmercial petroleum than regular reservoirs. The other wells drilled
in theTakutu are Lether (1980), Turantsinid (1992) and Apoteri K2 well (2011).

Table28 compares undiscovered oil and gas reserves of Guyana with other countries irhatica
and the Caribbean using the data from the same survey (Mean Reserves estimated by 2012, part of which
today are classified as discovered reserves, as in the case of Guyana)

Table 28. Assessment of undiscovered reservessome Latin American & Caribbean countries

Argentina Brazil Chile Colombia Ecuadof Guyang Suriname FrenchGuy Peru Trin.&Tob Venezuele
Oil Onshore MMBO 1,951 61 253 5,120 807 23 63 0 1,833 37 15,608
Oil Offshore MMBO 1,267 46,685 84 0 163| 2,182 12,966 12 1,483 721 4,056
Oil Total MMBO 3,218 46,746 337 5,120 970 2,205 13,029 12 3,316 758 19,664
Gas OnshoreBCFG 21,821 200 4,804 10,101 331 65 176 0 1,901 1,116 60,255
Gas OffshoreBCFG 14,874 194,208 1,601 0 221 5,956 35,827 34 4,436 30,675 40,985
Gas Total BCFG 36,695 194,408 6,405 10,101 552 6,021 36,003 34 6,337 31,791 101,240
NGL OnshoreMMBNGL 430 6 107 491 11 3 8 0 83 50 3,057
NGL OffshordIMBNGL 437 8,121 36 0 11 330 1,988 1 233 1,128 1,522
NGL Total MMBNGL 867 8,127 143 491 22 333 1,996 1 316 1,178 4,579
SOURCE: U.S. Geological Survey World Energy Assessment Team, RB(Q, million barrels of oil; BCFGhillion

cubicfeetofgasMMBNGL, mi I I i on barrels of natur abkgsgpedds/dds qui ds. Cou

060/R6.html#TOP

By 2012, Guyana had similar levels of undiscovered natural gas reserves as Chile or Peru, and more
undiscovered oil reserves than Chile and Ecuador together. As well, Guyana has close geographical
proximity to important undicovered oil and gas reserves in Venezuela, Suriname, and Trinidad and
Tobago.

The UN International Tribunal ruling in September 2007, which is binding on both Guyana and Suriname,
settled the maritime boundary dispute between the two countries paviwgyHer full exploitation of

the hydrocarbon resources within Guyanabs Excl usi
that there are four companies doing exploration work in Guyana Exxon Mobil, Repsol, Century Guyana

Ltd. and CGX Energy Irf€.

In 2016, Guyana imported 5.55 million barrels of oil refined products such as gasoil/diesel, fuel oil, and
unleaded mogad.able29 shows imported petroleum products.

40 http://goinvest.gov.gy/sectors/energy/ (last accessbthich 2018).
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Table 29. Guyana's petroleum products imports

PERIOD 1994 TO 2016
VOLUME CIF VALUE
BBLS LTRS Us$

1994] 3,095728] 492,181,436 72,067,912
1995 3,624,053] 576,178,402 85,161,130}
1996 3,711,893] 590,143,846 100,696,609]
1997 4,093,677| 650,842,653 107,727,233
1998 4,125,765| 655,944,238 78,539,499
1999 4,137,266] 657,772,751 99,704,391
2000 3,924,614] 623,963,783 143,277,974
2001 3,834,651] 609,660,809 123,373,521
2002 3,865,505] 614,566,203 122,643,684
2003] 3,980,199] 632,801,092 153,193,966
2004| 3,901,760] 620,330,288 185,702,255
2005 3,546,069] 563,779,936 240,663,147
2006] 3,179,925| 505,567,690 251,594,083
2007 3,910,234| 621,677,546 319,122,554
2008 3,660,583| 581,986,208 405,960,936
2009 3,024,723] 623,981,072 282,909,993
2010 4,137,931 657,878,518 375,951,700|
2011 4,341,345 690,218,765 534,982 446
2012 4,867,748] 773,910,151 604,000,602
2013 (revised 4,726,150] 751,397,875 582,281,795
2014 4,938,855| 785,215,261 561,633,697
2015 5,001,497| 795,174,539 355,201,732
2016 5,547,048] 881,279,689 333,248,345
TOTAL 94,077,221] 14,956,452,750] _ 6,119,639,204

Source'GEA, Annual Report 2016

Table 30. Guyana'spetroleum products imports in 2016

2016
PRODUCTS VOLUME C.I.F VALUE
LTRS BBLS uss
MOGAS: UNLEADED 206,345,483 1,297,874 92,769,769
GASOIL (0.5S)/DIESEL | 380,120,687 2,390,887 151,501,925
KERO 13,815,996 86,900 5,468,739
AVJET 25,020,301 157,373] 10,104,870
FUELOIL 223,741,237 1,407,290 59,717,413
AVGAS 31,440,375 8,970 1,362,612
LP.G 1,426,154 197,754 12,323,018
TOTAL 881,910,233 5,547,048| 333,248,345
Source: GEA

Prices have varied according to international oil price variation as shovable31.
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given the conmissioning of new power plants using HFO as the most economical fuel for power

generation

Table 32. GPL's fuel purchases data andveighted average prices of HFO & LFO

YEAR Volume - Barrels Fuel Mb % Annual Cost - US$000 WEIGHTED AVERAGE PRICES (US$/B)
HFG LFC TOTAL HFG LFCr HFO LFC TOTAL YEAR Crude Oil HFO LFO
2004 546,449 336,833 883,282 62 L 15,166 16,336 31,502 004 =70 5 2550
2005 439,274 370,302 869,576 57 43 20,124 25,951 46,075 2005 50,13 40,3 008
2006 462177 407,295 869,473 53 A7 23170 32,557 55,727 2006 6147 50,12 79,92
2007 471955 428,583 900,938 52 48 27,561 37,563 65,124 2007 5947 5240 2756
2008 581,375 305,805 887,180 66 34 44,313 39,763 83,975 2008 Fal 6.5 130032
209 607,584 301,057 908,641 57 33 35,552 23,276 53,828 2009 6052 5251 77.31
2010 761,245 189,587 950,832 20 20 55,502 18,429 73,931 2010 7301 7200 97,21
2011 716978 252,663 963,641 74 26 70576 34,116 104,692 2011 94,87 9&.44 135503
2012 B83gd20 174,188 1012608 83 17 85693 23,991 103,684 2012 9411 102.21 137.73
2013 908,538 115,298 1023836 29 11 87,865 15,221 103,086 2013 9798 26,71 13201
2014 903,557 135,914 1039470 B7 13 79287 18,117 97,405 2014 9317 B86.26 131.60
215 570,830 55,457 1030287 54 [ 48,017 5,295 53,312 2015 43,66 43,46 87.10
216 953,525 102,228 1,066,353 90 1n 44472 7412 51,234 2016 4329 41.51 71.83
2017 980,962 110,822 1,091,785 90 10 58012 2,920 6,532 2017 50,80 54,00 787
SourceGPL

Figurel4illustrates the evolution of WTI, HFO and LFO prices during 22047,
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Figure 14. HFO, LFO & WTI historical prices
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Source: Consultar{processed with GPL histoatdata)

Currently power generation relies mainly on imported liquid fuelE@ and LFO)purchased from
Suriname and Trinidad & Tobago and in the future significant hydrocarbon indigenous offshore reserves
would be developed in the Stabrd&lock to produce indigenous Oil and Natural Gas.

Guyana is developing its offshore Oil resources to be traded directly to the international markets from
Floating Production Storage and Offloaditd®SQ vessels anched near the oil fields (located around

190 km offshore). Until today, available studies indicate that the installation of onshore refinery facilities
to refine oil products would not be economically competitive in the case of Guyana. This would imply
that the economic value of HFO and LFO required for power generation would remain linked to its
international prices as it has been in the past. According to this criteria, Reference, High and Low price
scenarios for HFO and LFO dedicated to power generatianlieen forecasted using WTI price as price
index and applying a regression obtained from the historical statistics of WTI, HFO and LFO annual
average prices for power generation in Guyana during-20Q%, which was considered by the consultant

as the masrepresentative historical period to reflect to the future the price relationships of the HFO and
LFO with WTI (i.e. before 2009 the historical data shows a significant difference between HFO and WTI
prices that has not been observed during ZMY andhe LFO price margin increased significantly).

Through this analysis, the following price relationships were obtained and applied for the construction of
the fuel price scenarios.

HFO price (Guyana) =1.318+ 1.0136x WTI price
LFO price (Guyana) =17.948+ 1.1873x WT] price

Figurel5illustrates the application of these price relationships during PQQA.7.
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Figure 15. HFO & LFO prices as afunction of WTI price
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5.2.2 Natural gas priceforecast for Guyana
5.2.2.1 Option to import LNG

In 2014 opportunities were preliminary considered to substitute HFO and LFO for Natural Gas in Guyana
through LNG imports aiming at a reductioninthé ect ri ci ty costs. A version
CaribbeafFeasi bi | ity St udi €e’'avassibmitied bylastaliaSteategic@evisors3a u d y )
IADB on October 2014. This study assumed prices forecasts for natural gas and oil from Atgust 20

and the results obtained indicated potential natural gas economic attractiveness for Guyana. Subsequently,
the price of oil dropped significantly. Over the same period, natural gas prices have also fallen, but not

by as much as oil. With this new oilige scenario Castalia Strategic Advisors updated the study and the

new scenarios suggest that if the price of oil remains below US$55/Barrel for the next 10 years, it will

not be feasible for countries of the Caribbean to switch #&® to imported natwal gas.

5.2.2.2 Indigenous Natural Gas availability

As many other Caribbean countries, Guyana has been relying on oil products at volatile prices to generate
electricity and meet other energy needs. In the future replacing oil products with indigenous natural gas
in Guyana, and installing new power plants operated with natural gas, could be an option to reduce
electricity prices. As mentioned previously, future offshore Oil production in Guyana is being developed
in the Stabroek block located offshore Guyanaiilltbe accompanietly Natural Gas production which

will be separated and partially-igected in order to optimize Oil production. Also, part of this Natural

Gas production would be available around 2023 to be transported via pipelines (of around 190 km
offshore length) to inland Guyana to support power generation and oth&r uses

“iNatur al Gas diFeusibility® udarisbb&€astali ao. | ADB. 2014 and 2
42 Other maritime gas transportation systems, as CNG (compressed natural gas) or LNG (liquified natural gas) would
represent hi gher transportation cost s, DesksStudyofntteel uded i1
Options, Cost, Economics, Impacts, and Key Considerations of Transporting and Utilizing Natural Gas from
Offshore Guyana for the Generation of Electrigity Go G, Ener gy Narrative, June 201
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Esso Exploration and Production Guyana Limited (EEPGL) is the designated Operator under a Petroleum
Agreement signed by EEPGL, Hess Guyana Exploration Limited (Hess) and CNé&X2G Retroleum
Guyana (Nexen) with the Government of the Cooperative Republic of Guyana. The Petroleum Agreement
covers approximately 26,806 km2 (10,350 square miles) and was executed together with a Petroleum
ProspectindLicensefor the Stabroek block. 2014, Hess (30%) and Nexen (25%) acquirechanaercial

interest to the block. In May 2015, EEPGL announced a significant discovery efumadjty oil-bearing

sands with the Lizd well (approximately 190 km [120 miles] offshore Guyana). In July 2017 3EP
announced gross recoverable resources for the Stabroek block were estimate@ &@52bdkon oit
equivalent barrels, which included Liza and other successful exploration wells associated with the Liza
Deep, Payara, and Snoek discoveries. More rgcdtffEPGL is considering initiating the second phase

of the Stabroek Block Liza discovery, the Liza Phase 2 Development, which would serve as the second
oil and gas development project in Guyana.

Map 3illustrates the location and main characteristics of the Liza Phase 1 and Liza Phase 2 Developments
within the territorial waters of Guyana, approximately 190 km (120 miles) northeast ajeBaon,
Guyana in the Stabroek Block.

Map 3. Location and main characteristics of the Liza 1 and Liza 2 Project Developments
Project | Major Component | _ Phase2 Phase1

Location Surface Production A single Floating Production, Storage, and Offloading
Facility Design Concept (FPSO) vessel is used for each development

Distance from Shore Each FPSO is approx 190km from Georgetown

FPSO Mooring System Each FPSO uses a spread mooring system with mooring lines
connected to anchor piles embedded in seafloor

Oil Production Capacity Approx 190,000 to 220,000 100,000, capable of
s (barrels per day) sustained peaks up to 120,000
FPSO Oil Storage Approx 1.6 to 2 million barrels, 1.6 million barrels
Capacity depending on selected hull
R Offloading Frequency Every 46 days Every 5-10 days
—— by Export Tankers
Subsea Production Each development uses subsea production trees, and gas/water
Facility Design Concept injection trees clustered around subsea manifolds
ExconMobil Wells Approx 35-40 wells 17 wells

eEPaL Drill Ships Each development may use up to two dynamically-positioned drill ships

#nase 1 3002 oewepmeet || Onshore Support Onshore infrastructure includes shorebase, pipe vards,
——— including Shorebase fabrication facilities, fuel supply facilities
PUTepvp— facilities; potential sharing between developments

waste management

P
] Logistics Support Marine vessels and helicopters throughout all stages;
potential sharing between developments

SourceEsso (2017)
5.2.2.3 Lizal & 2 Development Projects

Liza Phase 1 Development is currently in executionianllides 17 subsea development wells and a
Floating Production Storage and Offloading (FPSO) vessel to process, store, and offload the recovered
oil. The FPSO will be connected to the wells via associated equipment, collectively referred to as subsea
umbilicals, risers, and flowlines (SURF), to transmit produced fluids (i.e., oil, gas, produced water) from
production wells to the FPSO, as well as treated gas and water from the FPSO to the injection wells.
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Map 4. Preliminary Liza Phase 1 Field Layout

ey a

Source:Esso (2017)

EEPGL is considering initiating the second phase of the Stabroek Block Liza discovery, the Liza Phase
2 Development, which would serve as the second oil and gas development pr@estaima. The
development plan for the Liza Phase 2 Development will also use an FPSO and SURF production system
similar to Liza Phase 1. Although the developments will be similar, they are independent development
projects. The Liza Phase 2 Development al#lo be located in the eastern area of the Stabroek Block.

Map 5. Preliminary Liza Phase 2 Field Layout
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SourceEsso (2017)

Natural gas will be produced in association with the produced oil. EEPGL will use some of the recovered
gas as fuel on the FPSO, and proposes-tgjeet the remaining gas back into the Liza reservoirs, which
will assist in optimizing management of treservoir. Three primary alternatives were considered for
addressing associated gas produced in Liza fields: gagotion, continuous flaring and gas export. Gas
re-injection was determined to be feasible and it provides benefits in reservoir manag&snsuch,
produced gas not used as fuel gas on the FPSO willibgeoted under normal operations. Continuous
flaring of gas on a routine basis is not preferred, primarily due to the associated air emissions.
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According to the availablenformation 0.1 Tcf of produced gas would be required as fuel for FPSO
operations, at a rate of ~20mcfd, 0.5 Tcf of produced gas would-irgected for reservoir pressure
maintenance requirements and 0.2 Tcf would be available for salesratre3® per day. In addibin, it

is being studied the evaluation of feasibility for up torbfcfd for additional supply. Natural gas
production profile with 30nmcfd sales is illustrated iRigure 16.

Figure 16. Liza Phase 1 Total gas production profile with ~30nmcfd sales

Annual Average Gas Rate {Million SCF/D)

SourceGoG

Quantities and Qualitylt is estimated that natural gas available inland Guyana for power generation from
Liza fields would be in the range of 3mcfd at the lower bound (as broadly required for the DBIS
generating system) and potentially as much as I#bfdnat the upper bound (if required for additional

uses). EEPGL proposed these two volumes for the possible sizes for the natural gas pipeline to shore. It
is estimated that this volume of natural gas would be available for power genbyaimmuary 1, @23

The assessment of the natural gas compositiaded in the Energy Narrative stuslyows that natural

gas liquids (mainly propane and butane) account for 12.3% of the natural gas produced. Separating these
liquids from the 30nmcfdof natural gas saply would provide nearly 890,000 barrels per year of LPG,

more than four ti mes Guyanabds current LPG consun
opportunities to promote LPG use for transportation, home cooking and water heating, or as a chemical
feedstock for new industrieAfter removing the LPG, 26.8mcfd of dry gas would be available for

electrcity generation and other uses.

Offshore transportation technologinalysis of alternative transportation media done for Hesypply
shows that a natural gas pipeline is the preferred transportation technology from offshore to Guyana given
the high capital costs and higher technical risk of floating LNG and seaborne CNG.

Landing site:Today it is considered Woodlands as thestnpromising landing site of the proposed
pipeline, even though Georgetown (specifically near the Vesddoop existing power plant) is an
alternative option. Next map illustrates these two options. The assessments of the Woodlandsy Vreed
Hoop and itsassociated Wales Estate industrial area indicates that both sites have constraints but the
original screening assessment that Woodlands offers fewer overall constraints thaerviesgp has

68



been confirmed, including loss of its elevation advantAgeording information provided by the GoG,
additional technical analysis has assessed VVezddoop to have ~$72M US incremental development
cost versus Woodlands, due to the requirement to connect power and gas supplies to the Wates Estate
case to selechis area for the installation of an industrial park in the future

Map 6. Possible landing sites of natural gas pipeline
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Potential industrial gas supply for petrbemical industries.ExxonMobil has progressed feasibility
studies for the potential oomercialization of gas volumes in the event future discoveries identify suitable
gas supplies above gaspower requirements. Methanol and urea (fertilizer) producing 4scgk
industrial facilities appear to be the more likely viable foundation industries for investors per facility,
requiring large investments (aroune? 1JS$ billion). However, pipelirkanding analysis has not been
based on suitabil iedslkutfocosed oftheesup@ry fdr podar geheragiod and otler
local uses.

For this study is has been available preliminary estimations of the investment cost of the offshore pipeline
that could be applied to Woodlands (initially saered in Clonbrook) and Georgetown landing sites.
The cost to install and-i® pipeline (30mmcfd) and a 12n pipeline (145mmcfd) was estimated for each
proposed row by using industry practicEs

Table33 sunmarizes such investment cost estimates.

43 This estimations are included in the Energyrridtive study using the following methodologl) the cross
sectional area of the pipeline was calculated, 2) the weight of the pipeline in kg/m was calculated, 3) the cost of the
pipeline in $/ m was calculated in 2013 prices, 4) the 2013 prices werdeatljo process today using a market

index for steel, 5) the coating cost of 15% of the uncoated pipe was calculated, 6) the installed cost was calculated
as 2.5 times the total pipe cost per m, and 7) the final cost for the pipeline segment was calculated
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Table 33. Estimated pipeline cost for offshore natural gas pipeline options

Landing Length (km) | Installed Cost (8-in) | Installed Cost (12-in)
Georgetown 185 S170MM $235MM
Clonbrook 180 S165MM $230MM

Source: Energy Narrative

It is estimated that the compresstaition cost will be $27MM for the 8in pipeline and $37M8M for

the 12in pipeline. In addition to compression, the natural gas liquids present in the wet gas that is
transported in the pipeline can be separated and sold as LPG. Also a cost of Ug$llibr7%or a
separator plant for 3@mcfd and US$76.125 for a 148mcfd capacity separator are estimated.

Table 34. Estimated cost for natural gas compressors

Item 8.in Fipeline | 12-in Pipeline
Compressor Station 325.0MM $25.0MM
Compression $2.5MM $12.5MM
Total Compressor Station Cost | $27.5MM $37.5MM
Gas Separation Plant S16NM STGMM
Tatal Cost $43.5MM $114MM

Source: Energy Narrative

Table35shows the total estimated cost for the pipeline after adding in the cost of compression and liquids
separation to the estimated cost for each variation in pipeline size and length.

Table 35. Estimated all-in cost for offshore natural gas pipeline options

Landing Length (km) | Installed Cost (8-in) | Installed Cost (12-in)
Georgetown - 185 - $213.5MM - $349MM
Clonbrook 180 $208.5MM $344MM
New Amsterdam 205 7 $233.5MM 7 $374MM

Source: Energy Narrative

Based on the above cost analysis, Energy Narrative estimated the transportation tariff for each potential
route based on 3mcfd average/olumes for the 8n pipeline, and 145mcfd average volumes for the
12-in pipeling“.

4 The analysismssumes that the cost of the natural gas separation plant is borne by the LPGegterrated for
other usesand so is not included in the estimated costs for natural gas transpdaapomwer generation
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Table 36. Levelized natural gas transportation taiiffs, offshore pipeline options

Landing Point
Georgetown  Clonbrock  New Amsterdam
B-n (30 MMcid)
Without Compression 272 264 e
With Compression v 300 340
124 (145 MMcid)
Without Compression 078 076 086
With Compression 09 089 099

Source: Energy Narrative

For the purposef this study it was estimated a Natural Gaserentialprice for power generation in
Guyana at the landing site (Woodlanfts)the indigenous natural gaswas considered thatwould be
composed by a wellheadige plusalevelized offshore transportatidariff, including compression costs
(andexcludingthe costs of the LPG separatiéh)

Wellhead priceiit is understood that this price will be established through negotiations between the
Government of Guyanand the oil Producer, and it is not known today. For the study the consultant
applied a referential range of US$-R&/MBTU, similar as the applicable in other natural gas producing
countries. For example: a) in 2017 wellhead price for purchases oénailig natural gas for power
generation in Peru was US$ 1.58/MBTU (according the application of a formula included in the
production contract), b) Trinidad & Tobago wellhead gas price is not a published figure, however
available publications indicate that2016 two major upstream producers reported avegagerices of
US$1.72 and US$1.88 permcf, and c) last wellhead prices published by EUS$ 2.66/MBTU in

2012 and the current level of the Henry Hub prieeound US$ 2.8/MBTU}suggesthat the average
wellhead natural gas pride United Statesvould bevery low. Appendix Lincludesa documentation of
thesefigures

Price at landing siteas areferential level, and for comparison purposes with HFO and LFO aiaks
guidance for the potential development of a future Natural Gas market in Gutyaas estimated a
range of US$ 2.55.6/MBTU for theeconomigorice of natural gas for powegeneration in landing site
(US$ 4.7/MBTU for the Base Caée)

For the purpose of the DBIS generation expansion study that price range has been considered as the
pertinent price for the gas used for power generation. However it is clear that the cogjasf finethe

supplier would benainly afixed cost composed by the investment in tHishore gas pipeline and its
complementarynfrastructurgcompression station and others) that itslevelopmentequires securing

a market for the gas.

4 Thelevelized offshore transportatidariff for gas was estimated in the Energy Narrative study assuthahthe

project is financed with 20% equity (at a real cost of capital of 12%) and 80% debt (at a real interest rate of 8%).

Annual O&M costs were estimae d t o be 2% of the projectébés capital CoSs
year depreciation life and taxes were not included in the cost assessment

46 Such estimation takes into accoantange of US$ 1.6 2.5/MBTU for the wellhead price plus a gmof US$

0.9- 3.1/MBTU estimated for the levelized tariff of the offshore natural gas transporéastiomated in the Energy

Narrative study
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As indicated i the GoG, it is currently beingpnsideredo install this infrastrature with a capacity of
145 mnefd. Under this situation, for the supply of gas ftectricity generation (360 mncfd) the
following two options could be had cover the fixed cost of this infrastructure

I. that 20.734.5% (corresponding to 380 mmcfd) of the capacity of the offshore transport
infrastructurewvould beconsidered dedicated to the plant, in which case the plant would participate
in its executiorassuming the corresponding fixed transportation cost and the ga$opnxaver
generatiorwould be the wellhead price (aroub&$1.6/MBTU in the base case scenatiopr

II.  the produceror other agentwould develop the offshore gas transportation sygteatuding its
required compression station) providing or purchasing the natural gas at its wellhead price, then
trarsportingit to the power plant, delivering tlgas at a price that would reflect the wellhead price
plus the levelizedariff of offshore transportation (arounddS$ 4.7/MBTU in the base case
scenario)

We believe that théirst option couldimply the incentive to reflect in the power generation cost only the
wellhead price for the gas.e. not reflecting its full economic value in inland Guyarsfuation that
could provide a distorted wholesale electricity piitéhe energy markeahat could create barrierfor

the futureeconomiadevelopment of the renewal energy sources forgp@eneration in Guyana.

So, for this study it was assumed the second option, vithiabuld berequired a contract that distributes
the risks associated with the volume dedicated to electricity generation, for whathral gasales
contract with paymet of availability premium or a take or pay contract with payment obligation of a
percentage could be agreed among the parties.

Typically, a take or pay stipulation requires the buyer to purchase a minimum quantity of the product or
service in each periodsually annually or, alternatively, to pay that minimum amount even if he has not
taken it or accepted to receive it. In the natural gas market, historically that minimum amount has been
between 70% and 90%.

For purposes of the study of the expansion ,piahas been considered a take or pay confoadhe
natural gas supply the newpower plant with payment obligation of 70% of tbéat contractegdsimilar
to the practice that some countries have used to initiate the development of the natuaakgas m

Figure17, Figure 18 andFigure19 summarize thethreescenarios for fuel pricgRkeference, High and
Low) for HFO, LFOard NG. They are expressed in termss$dollars (207 level) per MBTU.

47 This financial schemme, however could not be much convenient. In order to guarantee open access to the natural
gas transport system and the formation of an efficient natural gas market, most of the countries' energy markets
regulate that natural gas transport activity is independent of production, commercialization and distribution of
natural gas, including the tagty of generating electricity. In the case of offshore deposits, similar to other countries

(as, for example, the case of offshore gas production in Guajira, Colombia), the gas producer assume the costs of
offshore transport infrastructure to the cortimtsite with the transport network on the mainland. However, in the

case of Guyana, the investment in in the ofshore gas transport infrastructure is substantial, sietietpiment

whether by the producer or by another agent, requires securinget rfea the gas.
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Figure 17. Reference case fuel prices forecast for Guyana
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Figure 18. High case fuel prices forecast for Guyana
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Figure 19. Low case fuel prices forecast for Guyana
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An electrical system must have a sufficient amount of generating units available to meet theiohanges
demand from base load to peak load. The most efficient units designed to operate for long periods of time
work most of the year; others only act as backup and their annual operation will be greatly reduced. To
meet the changes in demand, conventioealegation plants are classified in the following grétips
Table37.

Table 37. Groups and types of conventional power plants

Load Type of power plant
Gas turbine
Peak Internal combustion engine

Hydroelectric with pumped reservo
Steam turbine (low efficiency)
Intermediate  |Combined cycle (low Efficiency)
Hydroelectric

Nuclear plant

Base Steam turbine (high efficiency)

Combined cycle (high efficinecy)
Source:Kam (1985)

Peak load unitshould be operating in and out several times a day. Some of these units are mobile and
for ease in starting, are used in backup or emergency situations. Furthermore, they are characterized by a
low investment cost, but a high cost of generation.

Intermedate load unitgenerally operate Monday to Friday and are out of operation during evenings or
weekends. Its efficiency is higher than the peak units, but less than the base units

Base load uniteperate at full capacity most of the year; their investmestisare high, while generation
costs are low. Due to their complexity, thermoelectric plants of this type take longer to respond to changes
in demand.

According to its geographical location, natural resources (including its indigenous natural gadigvailabi

to be provided from the offshore Oil & Gas fields that are being developed today), access to international

fuel markets and electricity demand characteristics, Guyana will require different types of conventional

power technologies (thermal and hydestic) to generate electricity in the most economical and reliable

way, considering the fdispatchable characteristic
plants (i.e. they are able to provide power generation to supply the electricaind@arying during the

day and season). In the case of hydroelectricity with high capacity power plants, it should be also taken

into account the inherent characteristics of seasonality and stochasticity associated to the hydraulic
inflows and the reservopperation permitting hourly regulation to dispatch total plant capacity during

peak hours and, according reservoir size, seasonal or even annual hydro regulation.

48 Kam W. Li & Paul PriddyPower Plant System Desigiohn Wiley & Sons,1985, p.1.
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In addition, Guyana has the option to develop newtramfitional power generation based r@newable

energy sources, as mini & micro hydroelectricity, biomass, wind and solar (as the existing Skeldon
generation capacity that uses bagasse aspdalct from the sugar industry). In general terms, the
electricity generation that could be obtihfrom this type of power plants should consider the hourly
energy availability (intermittent associated mainly to wind and solar generation). Also, the daily energy
availability (in the case of mini & micro hydros without significant reservoirs) andehsonal energy
availability should be considered (which is associated to several resources, being of most relevance in the

case of sugar cane bagasse and the hydro inflow
di spatchabl e posegower plantsrandni® gemneratmr vartalility does not permit to
consider its installed generation capacity as f#ffi

during peak hours in all days the year

The generatioin transmission expansion awgsis of DBIS required, first, its characterization in terms of

the operation of its existing generation system (which provided elements to define the reserve margin
requirements) and, second, the status of its transmission grid (which provided elentksfiisetahe
connection systems of new power plants), as presented. next

The planning and operation of the Guyana power system is based on National Grid Code (NGC) and in
particular, the operation shall comply Wwihe requirements of Operational Code. The Operational Code
includes the criteria, procedures and information requirements necessary to execute the operational
planning, the generation dispatch and coordination supervision and control of integratédropéthe

GPL System. The following are the main considerations applied to stablish the operation of the generating
system

1 When available, the cogeneration units at Skeldon power plant using bagasse as fuel, operate at full
power duringctbhp fieuigadsoceaher 22 weeks/ year supp
power l evel during the fout of crop periododo f ol
generated power is injected into the grid but the value is limited to 12.8MW as aafetust
limitation imposed by the rating of the substation transformer (16MVA). During the second period,
9.5MW of the three units &Vartsilaplant is delivered to the transmission grid. Under this situation,
the capacity of the biggest unit is 15 MW (aumsit of the Skeldon cogeneration power plant) or
12.6% of the peak load and 23.5% during minimum load. An emergency trip of this unit, especially
during the Aln crop periodo at full power and du
to a dangrous situation with low frequency and low voltages.

1 The Merit Order list of generators gives priority to DP1 to DP4 and Skeldon. The DP4 power plant
was conmissioned in 2015 and are the most efficient units (app MBBTU/MWh), so during
normal operation, the DP4 operates as the base load.

1 The units at Kingston power plants, four units at DP2 and five units at DP3, are dispatched for load
following throughout the day. The total installed power is 58 MW, but the anobpatver that can
be dispatched from these power plants can be limited by the permissible power transfer capabilities
of L5 a 69 kV line with rated capacity of 63.6 MVA, limited to 46 MW during evening peak and
limited to 40 MW during the hottest part diet day.

49 Sections 6.1.1 and 6.1.2 were taken from the following document provided by the Gd@aBitaility Study for
t he AArco Norted I nterconnecti on PirSaurjnamet DRABIMnI3at er al E
CESI. IADB
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9 The generators of DP1 are the last set of generators to be dispatched mainly during peak period or as
emergency, due to the age of the generating units and relatively high energy consumption of the
auxiliary units for heating of the heavy fuel dihese units are in operation for over 20 years.

9 The unit No.3 Mirrlees of Canefield Power Plant is normally dispatched during some evening peaks,
mainly for voltage support. The unit is also dispatched during maintenance periods of units at DP1 to
DP4 aml depending on load conditions and voltage at Canefield.

9 The Canefield thermal units are used as back up.

6.1.2 Operation of the 69 kV transmission system & connection criteria of new large power plants

DBIS grid consists of ten 69/13.8kV steplown substatins connected by double or single circuit
overhead lines. The substations are equipped with one transformer 69/13.8 kV with nominal power of
16.7 MVA supplying loads that are within a range from 2 MW to 8 MW. The loading level of substations
is relatively bw also compared with the capacity of the lines.

Two double circuits compose the transmission grid (Garden of Eden to Golden Grove and Golden Grove
to New Georgetown and SopHilpgraded), and several single circuit OH lines at 69 kV with ratings
from 46.6MVA up to 52.6 MVA. Part of the system is a 2.4 km submarine cable at 69 kV connecting
VreedenHoop substation with KingsteDP3 substation. The central part of the network is developed
within the area of the triangle Edinburgltood Hope Garden of Edemvith lengths from 5 to 20 km.

On the eastern part of the country are located the substations of Columbia, Onverwagt, Canefield, No. 53
Village and Skeldon. The substations along the eastern transmission corridor are connected through long
single circuit ines with lengths from 27 to 56 km. The total length of the eastern grid is 182 km. The
longest line is Line 22 Canefield to No. 53 Village at 55.9 km. This longitudinal and not meshed grid
with relatively low load makes difficult the voltage control oe tfemote stations and is a source of
possible stability problems. For the 69 kV transmission lines, the target loading in normal conditions is
75% of the normal rating. The estimated lengthlldf&/ 13.8 kV feeders is 7828 kms.

The single line diagramof the expected configuration of the DBIS in 2018 is showFigure20.

Figure 20. Expected configuration of the DBIS in 2018
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According to the National Grid Code, the opening of the faulted transmission element (N1) shall allow
no greater than 5 MW of consequential load shed. The remaining Idbkaslealoop service and not be
affected by the faultput currently the present network does not fully comply with tthechterion. The
management of overload situations is performed automatically by protections and manually by operators
at dispatchingenter. Operators monitor the performance of all system components at the transmission
level though SCADA. In the event a component becomes overloaded, SCADA would flag this to the
operators who undertake the corrective actions. The known bottlenedies toartsmission network are:

The single circuit OH line with a length of 5 km from Kingston power plant to SdpFias line has a

limited capacity,42.1MW at 75°C (Normal) and 56.5 MW at 100°C (Emergency) and prevents the full
power dispatching from DP2hd DP3 power plants. Thus, the capacity of this line shall be upgraded.
Furthermore, the outage of this line is considered as the most critical contingency of the grid. According
to provided information, this line will be doubled by GPL by the end of 2018.

The capacity of the substation transformer at Skeldon TPP (16.7MVA) prevents the maximum power
injection into the grid from the power plant especially during therap period. This occurs twice per

year when the total available production reaches 40tiMsy, out of which 30 MW net are to be injected

into the grid.

Background:The criterion for reserve capacity historically applied by GPL to identify the generation
expansion requirements in DBIS is the size otteelargest conventional units (excluding the 2x15 MW

Skel don cogeneration units which ,aesudingmateseave ai | abl
of 17.4MW for 2018. This reserve margin should be increased accotalihg sizeof new units ¢ be

installed inthe new Gas fired generating capacity. With the installation of new hydropower with large
capacity foreseen for the midrm, it would be required to determine the reserve requirement according

to the #Afir mo foréhis pe of power dlantbyetmemydmo mftbws during dry periods.

Reserve margin applied in the stu@onsidering the long term planning period stablished for this study
(18 years covering 2018 through 2035) for the purposes of the DBIS generation exgaalysisit was
selected a reserve margin criteria of 15% of the peak defpemdding an initial reserve margin similar

to thesizeof the two largest unitggnd an economic cost bfS$3,000/MWh for the norserved energy.

In this way,the expansion modéivhich applies leastost optimizationkelectghe capacity expansions,
initially without hydroelectric power plants operating in the sysighen115% ofpeak demand reaches
total effective availablpeakingcapacity nontincluding RET capacity not avable for peakingor when

it would be economical the substitutionpafwer generation iaxisting plants with high variable cost

the last case implying reserve margins higher that 15% off peak demahe. long term, with new
hydroelectric power plats operating in the system, through the modeling of the generation expansion
considering the occurr enc deashbcosgdnarationexpansiosseledted gi c a |
to prevent energy shortages to obtaineconomical fuel costs sulstions, also implying reserve
margins higher than 15% of peak demand.

This chapter is dedicated to the presentation of the basic characteristics and costs associated to the

candidate power technologies that were considered in this studynesy of thebasic characteristics
and costs of the candidate power plants considered in the study is pres&eteny.2.5
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6.2 Hydroelectric options

6.2.1 Projects selected foithe study
Location and basic capacity of the potential hydroelectric developments in Guyananaxigad in

Map?7.
Map 7. Guyana hydroelectricresources
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Map 8 shows the location of 19 hydroelectric projects in Guyana with capacity between 15 and 120 MW
of average continuous power generation with sites relatively close to DBIS. Theylecatallbetween

latitudes 5.0 ané.5.
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Map 8. Potential hydroelectric power projects in Guyana (Avg Cont 15 to 120 MW)
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Table38was prepared with the available information and preliminary estimates related to basic technical
characteristics and costs, including its transmission connection and access roads, faratididb®e
projects as applied in Arco Norte studies. Such candidate projects were selected from the list received
from the GoG for the 2016 Expansion Study and considering the following selection criteria: (a)
geographical proximity to DBIS; (b) sizes bewn 15 and 120 gxcontMW.
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Table 38. Basic Characteristics of

Status
3/

potential hydroelectric
Capacity Ave. cont.

(MW)
2/

MW/m3/s

projects for

DBIS

Investment Construction

Max m3/s
2/ 2/

Cost
$/kW 4/

period
Years 2/

7 |Arisaru 1/ Essequibo s 4
47 8 |Amaila 5/ Sites to Pre - Construction Level Kuribrong 165 103 3.02 54 3,400 3
19 7 |Kamaria 5/ Sites to Pre-Feasibility Level Cuyuni 180 103 0.15 1,175 3,413 4
24 7 __|Chi-Chi Div Merume __|Sites to Pre- Feasibility Level Mazaruni 605 96 5.40 112 2,555 4
25 7 |Kumarau 5/ Site with studies private sector Kurupung 149 86 2.71 52 4,708 3
45 8 [latuk Potaro 160 77 1.12 117 3,970 3
22 7 _|Devil's Hole Cuyuni 175 62 0.17 762 3,928 3
12 7 |Tiboku 1/ Sites to Feasibilty Level Mazaruni 408 40 0.27 1,522 2,660 4
29 7 |Aruwai Mazaruni 888 38 1.00 892 1,490 5
27 7 _|Apaikwa Mazaruni 128 34 0.12 912 3,517 3
50 8 |Tumatumari 5/ Tender Document and Final Design |Potaro 152 34 0.26 596 2,594 3
30 7 _|Chitigokeng Mazaruni 658 31 0.75 874 1,713 4
48 8 |QueenDaimond Potaro 67 29 0.20 263 5,990 3
35 7 |Paruima Kamarang 60 26 0.57 78 5,991 3
37 7 _|Dam Ekreku 4 Ekreku 47 20 0.68 61 11,880 3
28 7 |Peaima Mazaruni 105 19 0.11 914 3,523 3
40 7 |Sakaika Ekreku 91 17 1.82 48 2,569 3
34 7 |Utshi Utshi 31 17 2.36 12 9,794 3
66 10 |Tiger Hill 5/ Sites to Feasibilty Level Demerara 28 15 0.28 94 7,603 3

1/ Not considered as a candidate project because of fAhardo envir

2/ Source: Arco Norte study
3/ Source: Information obtained in the first mission
4/ Source: Arco Norte study (interest during construction not included)

5/ Project selected as candidate in the expansion study )
Source:Consultanusing data from Arco Norte studyd other studies

The Government of Guyana selected the followfivg project$®to be considered in the study: 1
Kamaria, 2Tiger Hill, 3-Tumatumari, 4&umarau, and #\maila. The following conments and graphs

illustrate the current situation of these projects which were originally identified in the Hydroelectric

Power $irvey of Guyana fHEPS) done by Montreal Engineering Company in 19T6is study
capacity
hydroelectric technology that could be potentially developed in Guyana tah&arénmissioning by
2025 or later to supply DBIS power demaind

cons

i dered

this fi

vV e

hi gh

Table 39. Selected potential hydroelectric power plants

hydroel ectri

Site Nominal Capacity Latitude | Longitude
(MW)
Kamaria 180 6.48917 | -58.8125
Kumarau 149 6.138899 | -60.34334
Amaila 165 5.35139 | -59.55806
Tumatumari 152 5.36278 | -59.00889
Tiger Hill 28 5.64917 | -58.37389
SourceHEPS

50The Consultant undetmod that such five projects were selected from a list of 15 candidate projects, mainly with
criteria based on close proximity to DBIS and investment costs, amongst others factors.

51 The Government of Guyana, during a workshop held in Georgetown on O2&the2015, selected five high

capacity hydroelectric projects based on previous studies owned by the Government of Guyana and from the list

recei

ved

from

System Expansion Program

t he

energy
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A basic description of Kamaria, Tumatumari and Amaila hydroelectric prajendered in this study
is presented next as considered in in the 2016 Generation Expansion Study. Also Kumarau and Tiger Hill
hydroelectric projects are presented according new updated information provided for ti#s study

Kamaria would kB a low head ruof-river hydroelectric power plant in Cuyuni River with 180 MW
installed capacity and with a very small reservoir. It was conceived as a second downstream power
development after Oko Blue project (388 MW), also a low head power plantithua Yarge reservoir
covering an area of 1,429 Kiand representing a density index of 0.27 MW/kvhich is well below the
required standards of around 4 MW/that are usually considered today for this type of project under
current environmental considgions (the project was conceived in 1976 when the environmental
standards and electromechanical equipment were very different from nowadays). Because of this in the
Arco Norte study Oko Blue was not considered as candidate plant for the expansion i bady

its eventual future development would require a complete redesign, even considering the possibility to
use the new technology of low head bulb turbines that has been used recently in countries as Russia and
Brazil for this type of projects. Thi€éamaria project, as a second potential hydroelectric development
downstream Oko Bl#éproject, would be involved in this type of technical redesign increasing from 4

to 6 years its potential development. The earliest year considered for its potentiassioning in this

study was 202

52 Tiger Hill, 12 MW Hydropower Plant. Prefeasibility Study, 2017, GEA & KurupRiger Hydroelectric

Project, Progress Report, February 2018, Sands Spring

53The Montreal (1976) study considers Kamaria project as a scond polsiialdevelopment downstream from

Oko Blue, and not as a stand alone project. Studies should be made to evaluate if Kamaria could be a stand alone
project
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Map 9. Hydroelectric Project Kamaria
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6.2.2.2 Tiger Hill Project

Tiger Hill shown inMap 10is the smallest of the five hydroelectric projects considered in the study and
the nearest to DBIS grid. It is also a low head-ofmiver power plant (12 MW) with a very small
reservoir. Its updated prefeasibility study available 2017 evaluatedits technical and economic
feasibility. With a head of 10 m the power plant will operate asafuriver system with no systemically

relevant storage volume.
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Map 10. Hydroelectric project Tiger Hill
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Social and environmental impacts will be relatively low, due to the assumed small flooded area. Flooding
will be the biggest social and environmental impact of the projecta3fiemed flooding will be 7 kmz.

A social and environmental impact assessment process must be performed to predict and asses the type
of scale of potential biodiversity impacts, and opportunities to benefit conservations.

The benefits of the power plantkdi cheap rural electrification around the location, infrastructural
development like the new access roads and creation of local jobs will outweigh the negative effects for

the local residence. From the power plant a low 13.8 kV subnet can be implemestesplio the
surrounding househol ds. Al s o, -k distance eoald be gupplied! | ag e
over a 13.8 kV transmission line. Together with the new access road, any kind of small or medium
industry or agriculture production could $etto profit from cheap electricity prices and new build
infrastructure. The power plant itself will create new jobs during the construction and operation.

The two generators feed into anmmon 13.8 kV busbar. The busbar is equipped with a circuit breaker
and is connected to the two main transformers (13.8kV/69kV). For reasons of redundancy and power loss
reduction, a twdaransmission 69 kV line system (on one power pylon, 51 km) was designed. Two step
down transformers will be located at Linden to feed the local lower voltage grid.

The yearly generated energypuld be 60 GWh. From an economical perspective the operation of the
power plant wuld reduce significantly the current subsidies of 15.2 millidB%year that the
Government assumes for the étmity supply to Linden.In this analysis it also would have to be
considered if more economical power generation could be provided to Linden from other hydroelectric
power plants taking into account future connecting 230 kV transmission lines crossirgnuken.
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Table 40. Tiger Hill specifications

Location Region 10, Guyana

MName of River: Demerara River

Mean River Discharge: Qmean = 123 m/s

Rated Turbine Discharge Qhrorvine_ner = 143 m3fs (2 x 72,5 m3/s)
Rated Head: Hr=10m

Annual Plant Output: 60,2321 MWh / year

Rated Capacity: 12 MW (2 x 6 MW)

Load Factor: 56 %

Total Power Plant Efficiency: 85,7 %

Elevation of Weir Crest: 24 m ASL (without liability, GPS data)
Width of Weir Crest 127 m

Dam Height: 15 Mimax

Type of Plant: Run-of-River System with a Gravity Concrete Dam and

integrated Power Station

Type of Hydro Turbines: Kaplan

Length of Transmission Line: 51 km

Voltage Level: 69 kV, 2 systems

Distribution Network: Linden Power Grid

CO: Savings: 40.4 million kg/year

Levelized Cost of Electricity: 8,71 Cent/kwh (including transmission line)
Specific Cost: 5,217 USD/kwW

SourceTiger Hill, 12 mw hydropower plant, pifeasibility study 2017, GEA
6.2.2.3 Kamarau Project

Kamarau is a medium size high head hydroelectric project that has been studied by the private sector to
be developed to supply local demand for the mining industry. With 100 MW installed capacity could
export power to DBIS grid (requiring a relative 1on881kV transmission connection of 286 km to
Linden). It would use Kurupurug river inflows for power generation (41.2 m3/s net average being required
a minimum norgenerable ecological inflow of 4.5 m3/s).

Map 11. Hydroelectric project Kumarau
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The project is scalable with opportunity longterm expansion. As a local project could be built with

35 MW installed capacity and 241 GWh annual generation to supply Tonojaes through a 68 km of

138 kV transmission lines, as a regional project could be built with 50 MW installed capacity and 321
GWh annual generation, appropriate for electricity supply teabwnalmining industry (Aurora Gold

Mines and others throudt?0 km of 138 kV transmission lines) and as a national project could be built
with 100 MW installed capacity and 515 GWh annual generation requiring 286 km of transmission lines
connecting with Linden, Puruntaballiand BarticaConsideringts connedbn to the proposed 230 kV
transmission system CECCLindeni Georgetown it would also require a new 230/138skidstation

in Linden at a cost estimatedW$$8 M.

Map 12illustrates plant location and its optional interconnections.

Map 12. Hydroelectric project Kumarau Location
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Source: Kurupung River Hydroelectric Project at Kumurau Falls, Progress Report,

Main projectcharacteristics of these options arenguarized inTable41.
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Table 41. Kumarau specifications

Description GEAGLE] National
Expansion Expansion

MNet Annual Flow (m/s) * 41.22 41.22 41.22
Power Capacity (MW) 35 50 100
% of available Flow 36% 52% 100%
Capacity Factor 79% 73% 59%
Reservoir Area (Km?) ~0 ~0 ~0
Line Distance to Linden (km) NfA N/A 286
EPC Capex (incl. Transmission- USSm) 122 168 338
Unit Capacity Cost (US5/KW) 3,478 3,352 3,380
Timeline to Construction ~2 yrs =3 yrs ~4 yrs

Source: Kurupung River Hydroelectric ProjecKatmarau Falls, Progress Report, February 2018

Based on the information supplied for this study, the electricity demand of the Toparu mine would be 35
MW (258 GWhlyear, implying 0.84 load factor) and for the Aurora mine 15 MW (around 110 GWh/year

if estimated with the same 0.84 load factor). To supply those loads it would be required to maintain
backup installed capacity in gensets and associated facilities. For Toparu mine it estimated it would be
required 5 x 7.4 = 37 MW in gensets that would us &l IFO180 and in Aurora mine 5 x 3.5 =17.5

MW in gensets that would use fuel oil No. 4.

If the project is developed with 50 MW to supply regional demand it would be required temporary fuel
oil power generation to supply demand, as presentedjure21 (thefigureillustrates theseasonalityf
the required fuel oil generation given the lack of reservoir and the variability of the ipflows

Figure 21. Kumarau regional balance
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If equipped with 100 MW, the small reservoir associated to this project and the low hydro inflows during
dry seasons indicate that it could not provide firm capacity to DBIS after supplyinggtbealemining

peak demand (50 MW). This impthat itspotential benefits for DBI%re related only to) iavailable
nortfirm power during wet seasons that could be used to reduce fuel costs, and ii) temporary electricity
exports to the mining regions to avoid fuel oil generation during dry seasons.

Figure22illustrates the regional powexchanges under this option (the graph illustrates the volatility of
themonthly Kamarau power generation, levels P95, Average a¥iceiP8 its difference with the regional
demand woud be the DBIS regional power exports or impprts

Figure 22. Kumarau regional balance 2
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Appendix Pcontains the results obtained in a preliminary economic evaluation of this project under the
assumptiorof 40 years for its useful lifé)S$25/MW-year for its O&M costs and for the regionaition

to install 50 MW US$168 million) and national optiortJS$338 million), both operating with gensets

and liquid fuels for backuthe power generation required to supply the regional demand

The regional optiomould have significant benefits relat¢o liquid fuels substitution and would provide
aroundUS$ 460 million of net benefits (NPV at 10%) and an internal rate of return of 37.5%. This
development would be dedicatethinly to the regional mining industry.

The national option with 100 MW was evaluated from the point of view of its global national incremental
benefits and costdJS$170 = 338168 million investment to obtain additiorfaln 6 n r5MmBW and
194 GWh/yeathat could be dedicated to DBIS costuetiong.

Costs and benefitsere estimated associatedte increment from 50 MW to 100 MW of the size of the
project For thispurposeit were estimated the gwer sales of DBIS to supply part @gional demand
under dry conditions to avoid liquid fuekgional generatio as well asthe Kumarau hydroelectric
generation availabl®r DBIS during wet seasons, after supplying regional demand

5 Px indicates the monthly generation level (GWh/month) that would be exceded with a Probabifity of
considering only the volatility of the hydro inflows..
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This evaluation was done considering the following assumptions:

1 The project would not provide to DBIS of firm capgddue lack of reservoir and very low
inflows during dry seasons)

1 Two scenarios of gas price were considet¢8$4.7/MBTU (the estimated gas landed price)
and US$ 1.6/MBTU (the estimated wellhead price and considering that the offshore gas
transportation system would be a fixed cost for DBIS).

1 Total O&M and fuel costs in the two systems (DBIS and Regional mining system) where
estimated (i) with and (ii) without thgroject®. The cost difference (iili) constitutes the total
benefits of the project, which were separated for DBIS and for the Regional mining system as
follows:

- Benefits for DBIS would be mainly originated by O&M and fuel costs savings in DBIS.

- Additional benefits for DBIS were estimated due additi@bettricitysales that could make
to the regional mining industry, which were estimated at a price of 50% of liquid fuels
variable costs in the backup units.

- Additional benefits for the mining industry wid be the cost reductiorfer its backup
generation during dry hydrological occurrenéess payments to DBIS for the electricity
purchases, also valued at the mentioned price.

- DBIS would assume all incremental costs (Investment and O&M) of the new plamér

Theresultsobtained in the preliminargconomicanalysis indicate thatith a natural gas price &IS$
4.7/MBTU for DBIS the incremental imstment in the power platiVS$170 million) would provide a
global NPVfor the countryat 10%) ofuS$93 million and an IRR of 18%,

With suchgas price and the adopted assumptitimis project would provide to the mining industry of
US$22 million of net benefitsvithout additional investmerand to DBIS anothddS$71 million with
an IRR of 14.6%

However, withUS$1.6/MBTU for the gas price (thedicativelevelappliedin thisstudy for thevellhead
gasprice in Guyana and the relevagasprice for DBIS if the power sector assumes the fixed cost of the
offshore gas transportation system) thehbetefits for the prject would be negative for DBIS.

The execution of this project would require séveralagreemergbetween GPland the private mining
industries in the regiofor its developmeniSwch agreemestwould include among otherd) Connecion
agreement, ii) Operation agreementsSiijare of the participating companiepioject costs and benefits
andiii) Price agreemenrfor power interchanges.

Significant risks could béoreseerof costsincreasesliue to the projeét kbcation and longransmission
lines, implying a significant technical and financial effort for project construction and operation.

Even though it could constitute a source of economic energy, for the purpose of the DBIS generation
expansion this projedtized at 100 M\Whasnot been includeth its expansion prograngjven that this

project would not provide firm capacity for DBIS demand supgigl the gas pricand gas supply
conditions (i.e. take or pay or availability premium paymeiotsiPBIS is still undefined, implying a high

risk that project benefit®r DBIS could be negative.

55 This estimation was done applying the SDDP model at monthly level duringZ888and the annual results
obtaned for 2035 were extended untils the end of the economic life of 40 years edmttegroject.
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Tumatumari shown iMap 13is also a low headin-of-river power plant (152 MW) located in the Potaro

Ri ver .

As

it

S

presented

i n Arco

Norte study:

no influence with protected areas. However, two Indigenous Lands (Campbelltown and Maimalde) w

be directly affected. The number of people living in those villages is unknown, but due to the existence

ot
[N

of these Indigenous Lands, the need for human resettlement is expected. The reservoir also affects an area
of gold mining. While the cumulative @inonmental and socieconomic impacts should lamalyzedn

a sectoflevel environmental analysis, the possibility of reservoir water contamination by mining wastes
and its consequences should be studied in an environmental impact assessment. Thenegleratso

affect at least three roads in the area. Development at Tumatumari could start quickly because there is an

exi sti

ng

truck

roado.

In addition, there are available studies with reduced capacity installed in this project that could reduce its

environmental impacts. In fact, today it is considered the rehabilitation of a small capacity power plant

which was installed and operated in this site many years ago and a definition would have to be taken if
this site is selected for the installation ohigh capacity power plant. Also, 2D%& considered as its
earliest conmissioning year of this large power plant.

Map 13. Hydroelectric project Tumatumari
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Amaila shown inrMap 14 is a medium size (165 MW) high head hydroelectric project with a small size

reservoi

r.

Accor di
Kuribrong Rivers. The construction of the hydro facility and electrical interconnection was anticipated to

ng Arco

Norte

s t of the Anwaila arfd é .

The

begin in late 2013 and would take approximately four years to complete. However, since in August 2013
the works have been stalleiccording to the Amaila Hydropower Environmental and Social Impact
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Assessment (ESIA) Update (2011), the reservoir would have a surface area of 23.3 km2 (implying a
density index of 7.1 MW/km2). The Hydropower Facility area consists of natural forestsotiman
occupation, mining or forestry concessions, or Amerindian designated lands. The powerhouse would be
located at the bottom of the Amaila Falls escarpment, approximately 3 km from the water intake. To
provide sufficient access to the transmissiame liand Hydropower Facility, the construction of
approxi mately 85 km of new roads, and wupgrading
study 2021 is considered as its earliesthamissioning year.

Map 14. Hydroelectric project Amaila
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A summary of the main characteristics of the five projects is presenteahie42.

Table 42. Main characteristics of the five hydroelectric projects

CONSTR. | INVESTMENT TR EEEEN CARRETY FIRM AVERAGE | ) rop [MINIMUM |\ v [RESERVOIR (mm3)
PROJECT PERIOD. COSTS 1/ CONNECTION INCLUDED MwW) CAPACITY | GENERATION (MWIm3/s) ECOL. (m3s)

(YEARS) US$/KW (%) 2/ (GWH/YEAR) (m3/s) MIN MAX
Kamaria 3 3960 To Linden, 102 km, 230 kv/2 180 55% 1081 0.150 NA 1200 246.7 246.7
Tiger Hill 3 5217 To Linden, 51km, 69kV/2c 12 55% 66 0.084 NA 143
Kumarau National 4 3380 To Linden, 286km, 138 kV/2c]| 100 26% 515 2.100 4.5 48
Kumarau Regional 3 3352 Without connection to DBIS 50 321 2.100 4.5 [ 24
Tumatumari 3 3010 To SECC1, 39km, 230 kV/2c 152 42% 751 0.260 NA 585 699 699
Amaila 3 3945 To SECC1, 100km, 230 kV/2 165 63% 1094 3.020 1.0 55 34.3 135.6

1/ Includes transmission connection and accesss road not includes interest during construction
2/ Estimated with P95 monthly generations and 0.25 plant factor

Source:Consultanusing data from Arco Norte (26)and others

Theestimatiorof referenceénvestmentosts for thdive proposed hydro plants included in this study was

based on existing data related to Guyanads hydroe
the Arco Norte study in the case of Kamaria and Tumatumari and consideringdigdémations

included in recent studies fdiiger Hill (Tiger Hill, 12 MW Hydropower Plant. Prefeasibility Study,

2017, GEA), Kumarau (Kurupung River Hydroelectric Project, Progress Report, February 2018, Sands
Spring) and Amaila (Norconsult, 201@his was done as follows:

- First, we reviewed the investment cost for Amaila considering the budget included in the
Norconsul2017 studyS$800.7 million which includemterest during construction (ID@nd
transmission connection to Georgetown). From boidget we deducted IDC (71LBS$M) and
the investmentcost of the section of the transmission system that could be shared with other
hydros (78.4JS$M of the transmission system SECQ&eorgetown, as estimated in Arco Norte
Study). This provided an adjiesl estimation 0ofJS$651 million for Amaila US$ 3,945/kW)
including its transmission connection to SECC1 substation and without IDC.

- Similar as the criteria applied in Arco Norte study, Kamaria and Tumatumari investment costs
were escalated using thensa cost increase as Amaila (1.16 = 3,945/3,400) obtaining
US$3,960/kW for Kamaira andS$3,010/kW for Tumatumari (not including IDC and including
transmission connection of Kamaira to Linden and Tumatumari to SECC1).

- From available recent studies prded by the GoGve obtained thénvestmentcosts estimates
for Tiger Hill (12 MW atUS$5,217/kW) without IDC and including transmission connection to
Linden, and Kumarau (100 MW &iS$ 3,380/kW) without IDC andncluding transmission
connection to Linden.

Considering that the available infornwtifor most of the hydropower potential sites in Guyana is subject

to update with enhanced cartography, topographical surveys, as well as hydrological and environmental
studies, the lack of more recent cost estimates detailed engineering surveys makes it difficult to
estimate with certainty the current costs to devel
in this study should be considered as a reference only.

The availab# statistical series of inflow records at the potential hydro sites were obtained from Arco
Norte (2015) Figure23 summarizes average and minimum inflows monthhgriability.
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Figure 23. Summary of hydrological statistics
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Source:Consultanusing Arco Norte (2015)

River discharges weranalyzedusing the Stochastic Dual Dynamic Pragraing (SDDP) model, a
hydrothermal dispatch model developed by PSR Inc., which finds optimal (minimum cost) reservoir
operation of complex systems and then simulates its operation in a stochastic environment. Initially, the
SDDP model fits amutoregressivéme seres model to the historical data. An autoregressive model up

to order 6 was fitted to the data (order is chosen based on statistical hypothesis testing). Fitted model
preserves a series of historical statistical parameters such as the monthlgtanedan deviation and
skewnesgoefficient, as well as the temporal correlation structure. The model works in a multivariate
context preserving also the spatial correlation structure when the model is used to represent several
hydrologic stations. Next, a simtian of the operation of each power plamtas done for 100
synthetically generated hydrologic occurrences based on statistical parameters identified as described
above. The results of the simulation gave 100 equally likely cases each one of them ragrésenti
energy dispatches of the fiviydro power plants of interest. The results obtained for each of the five
hydroelectric projects areanalyzedising statistical methodology to find energy dispatchmbwths and

guartes and by probability level (P10R30. P50, P70 and P90), thearterlyresultsare presented in
Table43.

92



A OWODN PR A WN P A WN P A WODN P

A WN P

Table 43. Hydroelectric projects generation (GWh/quarter)

P10
116
180
309
143

P10

13
20

P10
70
148
140
50

P10
91
200
183
72

P10
153
257
330
132

KAMAIRA
P30 P50 P70
175 208 257
245 279 309
336 360 360
201 251 299
TIGER HILL
P30 P50 P70
9 12 14
16 18 21
23 24 25
10 11 13
KUMARAU
P30 P50 P70
101 126 149
165 180 198
158 166 177
71 85 99
TUMATUMARI
P30 P50 P70
125 149 182
239 255 278
208 225 245
94 108 122
AMAILA
P30 P50 P70
214 250 295
284 319 327
330 330 330
179 209 252

P90
316
344
360
330

P90
20
24
25
16

P90
177
200
187
123

P90
230
309
266
155

P90
323
327
330
298

Source:Consultanusing Arco Norte (2015)
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TOTAL

TOTAL

TOTAL

TOTAL

AVERAGE
214
271
345
245

1076

AVERAGE
12
18
23
11
65

AVERAGE
125
178
165

86
554

AVERAGE
155
256
225
110
747

AVERAGE
247
303
330
214
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As presented before, Natural Gas will be produced in association with the produced oil. EEPGL will use
some of the recovered gas as fuel on the FPSO, and proposéageotrgas back into the Lizaservoirs,

which will assist in optimizing management of the reservoir leaving gas availability to be supplied for
power generation through a gas pipeline from the FPSO to the landif@/sttelands being today the

most promised site) in volumes of arolB@50 mmcfd (millions of square foot per daydluring at least
around 15 years.

Figure 24. Liza Phase 1 Total gas production profile

Annual Average Gas Rate (Million SCF/D)

Sourceliza Phase 1 Gas Production Profile, ExxonMobil, January 2018.

The most promising exploitation for power generation of the landed natural gas is to build a new large
natural gas fired / dual fuel power plant in the landing site. Size of this plant has been estimated in the
order 0f100-250 MW. This option would not require building additional onshore pipelines but it would
require a reliable transmission connection (a 230 kV;dinauit transmission connection to New Sophie

or to Garden of Eden substations, as present&gation6.7.1). Under this option the existing power
plants would remain using HFO / LFO for power generation and being operated mostly as backup power
plants®.

Energy Narrative consideredhree hypothetical locations where the pipeline may be routed: 1)
Georgetown, 2) Clonbrook, and 3) New Amsterdam. The cost to installianu@line (30mmcfd) and

a 12in pipeline (145mmcfd) was estimated for each proposed rolitee cost of the offshore pipeline

was estimated by using industry practices in estimating, the methodology was as follows: 1) the cross

56 A second option, not evaluated in this study due considerations by the GoG of construction difficulties, consists
in the transportation the natural gas through pipelines to the existing power plants in order to substitute the current
uses of HFO / LFO and to expand the generation system in those sites. New natdir@dggeneration capacity

would also be dual fuel. This option would imply that a new power plant should be located at the natural gas landing
point (with smaller installeadtapacity), but additional power generation capacity should also be located at the
existing generation sites where feasible natural gas pipelines could be conngppehd{x O includes this
estimations obtained from Energy Narratives Study).
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sectional area of the pipeline was calculated, 2) the weight of the pipeline in kg/m was calculated, 3) the
cost of thepipeline in $/ m was calculated in 2013 prices, 4) the 2013 prices were adjusted to process
today using a market index for steel, 5) the coating cost of 15% of the uncoated pipe was calculated, 6)
the installed cost was calculated as 2.5 times the tg@lqaist per m, and 7) the final cost for the pipeline
segment was calculated.

Table 44. Estimated pipeline cost for offshore natural gas pipeline options

Landing Length (km)  Installed Cost (8-in) | Installed Cost (12-1n)
Georgetown 185 $170MM $235MM
Clonbrook 180 $165MM $230MM
New Amsterdam | 205 $190MM $260MM

Source: Energy Narrative estimates

It is estimated that the compressor station cost will be %8V.5or the 8in pipeline and $37M8M for

the 12in pipeline.In addition to compression, the natural gas liquids present in the wet gas that is
transported in the pipeline can be separated and sold as LPG. Also a cost of US$15.75 million for a
separator plant for 3@mcfd and US$76.125 for a 148mcfd capacity separator are estimated.

Table 45. Estimated cost for natural gas compressors

Item 8-m Pipeline | 12-in Pipeline
Compressor Station $25.0MM $25.0MM
Compression $2.5MM $12.5MM

Total Compressor Station Cost | $27.5MM $37.5MM

Gas Separation Plant $16MM $76MM

Total Cost $43.5MM $114MM

Source: Energv Narrative estimates

Table46 shows the total estimated cost for the pipeline after adding in the cost of compression and liquids
separation to the estimated cost for each variation in pipeline size and length.

Table 46. Estimated all-in cost for offshore natural gas pipeline options

Landing Length (km) | Installed Cost (8-in) | Installed Cost (12-in)
Georgetown 185 $213.5MM $349MM
Clonbrook 180 $208.5MM $344MM
New Amsterdam | 205 $233.5MM $374MM

Based on the above cost analysis, Energy Narrative estimated an indicative transportation tariff for each
potential route based on 30mcfd average volumes for thei pipeline, and 143nmcfd average
volumes for the 1:2n pipeline.
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The estimated tariff assumed the project was financed with 20% equity (at a real cost of capital of 12%)
and 80% debt (at a real interest rate of 8%). AnnualO& ost s wer e estimated to
capital cost. The project was assumed to have a 20 year depreciation life and taxes were not included in
the cost assessment. This analysis resulted in the levelized tariffs for the various pipelinptiange o

shown in Table below. Note that the analysis below assumes that the cost of the natural gas separation
plant is borne by the LPG stream that is generated by the plant, and so is not included in the estimated
costs for natural gas transportation.

Table 47. Levelized natural gas transportation indicative tariffs, offshore pipeline options

Landing Point
Georgetown  Clonbrock  New Amsterdam
B4n (30 MMcid)
Without Compression 272 264 a0
With Compression a7 a0 340
12-n (145 MMcid)
Without Compression 078 076 085
With Compression 09 089 059

Source: Energy Narrative calculations

For a transported volume of &fimcfd the levelized transportation tariffs resulted in US$3.1 M Btu

in Georgetown, US$3.09 pbtM Btu in Clonbrook, and US$3.49 piM Btu in New Amsterdam. From
these three sites, Clonbrook resulted invibity of Woodlands, the most promising site at the moment
of this study.

Three candidate technologies based on Natusal @nd liquid fuels as alternate fuel) are considered as
potential generation plants to be developed in Guyana for a new large powdogdsed near landing
site of natural g&& GT-gas turbines (283-50 MW units), CCG¥combined cycles (16050 MW pover
plants) and RICEeciprocating internal combustion engin&g MW units).

Table48 summarizes typical investment®sts estimated in other atties in the Caribbean region.

57 According the scope of work anddicatiors received for this studyeneratiorexpansions usingatural gas and
located in sites of existing power plants (MreedenHoop or Garderof Eden) were not consideragiven the
expected costs and difficulties for the natural gas transportation

96

b



Table 48. Typical investment cost of gas fired power plants (GT & CCGT)

S GT - CCGT -

ouree USD/KW|  USD/KW
ETESA (Panama, “Revision del plan de Expansion 20137) 1,200] 2,100 — 2,240
ICE (Costa Rica, “Plan de Expansion de la generacion 1.000
Eléctrica 2012-2024") i
ENEL (Honduras, “Plan de Expansionde Generacion2013-

E (Honduras, “Plan de Expansionde Generacion 847 751 1384

207”)
CEAC (Centro América, “Plan Indicativo Regional de 923 1.162 1.923
Expansion de la Generacion 2012-2027") T '
ggllzj(,l)\/lexwo. COPAR “Costos y Parametros de Referencia, 700 1.240

Source: Consultant using different studies

For this study total investment cost for GT units aof 2Band 50 MW was estimated in 1,100, 1,000 and

900 US$/kW, respectively. The heat rate of the plants (HHV) was estimated in 10,200, 10,100 and 10,000
BTU/kWh, respectively. Its operation and maintenance costs in USHkBV-year (fixed) plus
US$3.5/MWh yariable) using LFO and US$ib/kW-year and US$3.0/kWh using natural gas. Total
investment cost for a 1x150 MW and 1x100 MW CCGT was estimated in 1,950 and 2,000 US$/kW,
respectively. Its heat rate (HHV) in 8,000 and 8,160 BTU/kWh, respectively, ancidwoperation and
maintenance costs in 25 and 23 US$-y&¥dr, respectively plus 3.5 US$/MWh (variable). CO2 emissions

of this type of technology using natural gas was estimated using 688 TonCO2/GWh for GT and 421
TonCO2/GWh for CCGT and using LFO 928 abeid TonCO2, respectively. The investment costs
estimated for the new projects include the gas connection infrastructure to the gas supply system. The GT
and CCGT technologies could also use LFO as fuel in which case O&M fixed costs would increase by
US$ 2kW-year and O&M variable costs would increase by US$ 0.5/MWh.

Reciprocating engines using HFO or LFO are widely used in Guyana by GPL, and by small and large
industries. In Guyana, these units are sizeohfadew kW in small industries up &7 MW at GPL, and

in the future it is estimated that 1417MW engines using LFO or HFO could be introduced to reduce
fuel and investment costlso, according to the Natural Gas Study, the conversion of thermxigtants

owned by GPL to use natural gas will require an investment cost of US$ 100/kW, estimated for the
installation of the local gas infrastructure and equipment required for the natural gas combustion for
power generation.

For this study total invesient cost for 11.4 MW engines using Natural Gas/LFO was estimated in
US$1,495/kW and US$1,755/kW using Natural Gas/HFO (as considered in Arco Norte study), the heat
rate of the plantHigh Heating ValueHHV) is estimated in 8,500 and 10,300 BTU/kWh, litfO and

LFO respectively, and its operation and maintenance costs in US$4&éafixed) plus US$ 9.8/MWh
(variable) for the HFO units and 12/kyeéar (fixed) plus US$ 8.9 US$ 9/MWh (variable) for the LFO
units. CO2 emissions of this type of technologuld be estimated using 700 TonCO2/GWh with
HFO/LFO and 451 TonCO2/GWh with gas.

Theoptionto install 17 MW of reciprocating engines using Natural Gas/HFO in the existing power plants
(Vreeden-Hoop and Garden of Eden) was not considered in the meadmamygiven constraints indicated

by GPL, mainly related to limited transportation capacity for equipment. However it is an option for the
large power plant considered to be installed in the gas landing site.
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Costs for his RICE electric generating facilitis based on fiveengines each with a net rated output
capacity of 17 MW. The total design capacity is 85 MW and could be reduced or extended in 17 MW
modulesaccordingrequired capacity. This generating facility is comprised of the engine generating set
which are fired on natural gas; medium voltage generators coupled to each engine; the engine auxiliary
systems; and the electrical and control system. The engine auxiliary systems include fuel gas, lubricating
oil, compressed air, cooling water, airdké, and exhaust gas systems. Each engine is -stfole,
sparkignited gas enginénat operates on the Otto cyclable49 contains the basic characteristics and
costs estimated in 2@by the Energy Information Administration of USA for this type of power plant.

Table 49. Basic characteristics and costs of RICE
Technology: RICE
Nominal Capacity (150): 85,000 kW
Nominal Heat Rate {1SO): 8,500 Btu/kWh-HHV

Capital Cost Category (000s) (January 1. 20165)
Civil Structural Material and Installation 9,473

Mechanical Equipment Supply and

Installation 49,716
Electrical / I1&C Supply and Installation 10,827
Project Indirects ™' 16,070
EPC Cost before Contingency and Fee 86,086
Fee and Contingency 9,000
Total Project EPC 95,086
Owner Costs (excluding project finance) 19,017
Total Project Cost (excluding finance) 114,103
Total Project EPC kW 1,119
Owner Costs 20% (excluding project finance) I kW 224
Total Project Cost (excluding project finance) kW 1,342

{1} Inclode: enzineering, distributable costz, scaffolding, constTuction maraEement, and sart-up.

Source: EA, 2017

Major areas for O&1 for the RICE Facility include engine and generator minor and major maintenance
which are based on hours of operation. The maintenance range is from 3,500 hours of operation for
typical maintenance items, 12,000 hours of operation for a minor overhdul6@00 hours of operation

for a major overhaul. Additionally O&M maintenance and repair includes balance of plant systems such
as the compressed air system, fire water system, lube oil system, and the emission control' apdtem.

50 presents the O&M expenses for the RICE Facility.

Table 50. O&M expenses foRICE

Technology: RICE
Fixed O&M Expense $6.90/kW-year
Variable O&M Expense $5.85/MWh
Source: EIA

Table51 presents environmental emissions for the RICE Facility using natural gas
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Table 51. Environmental emissions forRICE

Technology: RICE
NOx 0.07 g/bhp-hr
50; 0.001 Ib/MMBtu
CO: 117 Ib/MMBtu
Source: EIA

Costs wereadjustedfrom price level of Jan 2016 to the price level adopted for this study (2017) by
applying the producer price index for industry data for Electric power generation (implying 5.3%
increase). In this way investment costs are estimated@$1,413/kW, fixedO&M costs inUS$7.3/kW-

year and variable O&M costs WS$6.2/MWh.

For this study, CO2 emissions of RICE technology were assumed in 700 or 451 TonCO2/GWh, using
HFO or Natural Gas, respectively.

For the assessment of the wind eneritgsynecessaryttohe e x pa
consider the wind potential on the coast because of the vicinity to the grid line and the largest consumption
centers, as well dseingthe regionthat exhibits the largest wind potential in the country. One of the
fundamentalsources of information s t he P e rQGtleusbuices afe algeatyzedin the

following sections.

Guyana is located on the north eastern edge of South Amernaiatand between latitude9 N. These
latitudes lie within the range of two predominant weather zones, the North East Trade Wimtg) (NE
and the Inter Tropical Convergence Zone (ITCZ). The NETW are steady winds with ggedraghergy
potential, whil$ ITCZ is an equatorial belt of calm winds resulting from the convergence of the northern
and southern trade winds. The annual nethth movement of the ITCZ is responsible for the variation
of the weather and winds patterns over Guyana.

The NETWpredomhates across the coastlands with greatest influence on the coast lands and reducing
as they progress inland. The impacts of ITCZ are greatest in the northwest region and generally only
experienced for few months in the yesllap 15 shows the seasonal behavior of the monthly mean wind
velocity recorded in the period 198874at the Old Rifle Range statiZhin Georgetown and close to

the coasf (Map 14 indicates its location).

58 This station was in the city of Georgetown, with coortimas 6 65803009 a\W
% persaud, S., D. Flynn, and B. Box. Potential for wind generation on the Guyana Coastlands. Renewable Energy
18 (1999) 175189
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Map 15. Location of Old Riffle Station and HopeBeach

©ldRiflelStation

Mocha Arcadia

Note: Distance between OId Riffle Station and HBeach 24 km

The average shows high wind speeds during the winter period Jamdargh and dw values in the
summer period JulySeptember. It was found that a hybrid Weibull probability density function best
described the annual wind speed probability distribution at the reference height of 10.7 m. With an annual
mean wind speed of 5.79 m/s, aardannual average power density (PD) of 159 W/m?2, this distribution
represents a classwind resource in the Bagatelle wind power scale, suitable for most wind turbine
applications. The available resource exhibits a significant seasonal variation fremdensities in the

range 25300 W/m2 during the winter to-100 W/m2 during the samer. Therefore, energy availability
during the period Julpeptember would be minimal, convenient period for wind turbine maintenance.

Figure 25. Monthly mean wind speeds. Old Rifle Range, Georgetown, 194874.
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Note: Anemometer Height: 10.67 m. Source: Persaud, S., D. Flynn, and B. Box. Potential for wind generation on the Guyana
Coastlands. Renewable Energy 18 (1999)-189.

The behavior of thdaily mean wind speed shows an increasing pattern from 6.5 m/s at 6 am to 8 m/s at
21 pm and then the average decreases to 6.5 m/s at 6 am. This behavior is more pronounced during the
summer period, from 2.5 m/s at 6 am up to 15 pm 5.5 m/s, and the dimgyeéa 2.5 m/s at 6 am of the

next day.
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Figure 26. Daily wind velocity pattern
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Figure 27 shows the annual frequency distribution of hourly wind speeds for the periodl2931
Examination of the figure indicates a Weibull distribution except for the frequencies at low wind
velodties in the range Q.03 m/s. In the analysis presented by Persaud et.al., frequencies in this range
were removed and the remaining data scaled to represent 100% of useful data, and the Weibull parameter
determined were: k=3.8, ¢=6.88 m/s, vm = 5.79 A[3,=158.6 W/m2, and the cumulative probability

of observingvery low wind speeds, Fo=7.71%ll at 10.67 r$f.

% The consultant received for this study several statistics of the hourly wind speeds in other sites of
interest for the installation of wind plants, as Port Mourant. However the analysis of such statistics
indicated that the wind velocities and wiebull distribution would be surprisingly high which suggest that
the basic informations on such measuremered t®be reviewedn consequence, due to consistent data
and confusing reports for Port Mourawith the available information colected for this studywasnot
possible to estimathe hourlyoutput for typical week as well as for tveek with the lowest wind speed,

for the potential sites of interest for the installation of wind plants in Guyana.
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Figure 27. Hybrid and approximate annual frequency distributions (19711973)
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Note: Anemometer Height: 10.67 m. Soureersaud, S., D. Flynn, and B. Box. Potential for wind generation on the Guyana
Coastlands. Renewable Energy 18 (1999) 189.

6.4.1.2 2003 Hope BachMeasurements

During the period 2002/3 a wind power feasibility study, sponsored by the Dutch Government wvaith Delt
Caribbean, NE&Micon and Rheden Steel as-sponsors, was carried out for the Guyana government.
Wind speed data was recorded at H o pte theBeasframh , an
Georgetown, and the results were favorable for the instailat wind turbinesFigure28 shows a plot

of frequency of occurrence against hourly speeds.

Figure 28. Frequency of wind speeds at HopBeach

Frequency of Wind Speeds - Guyana's Coast
2500

2000

1500
Frequency
1000
500 ‘ I
0 =, u_un_l I

1 2 3 4 & 7 8 9 10 11 12 13 14 15
Wind Speed m/s

Source: ArcoNorté December 2, 2015.

The analysis of this dat 40 m heighgave the following results

9 Hourly average wind speeds were between 6.5 and 8.5 m/s
9 Wind speeds showed little variation during the day and were the highest in tirggeven
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wind

= =4 =4 =

Shape factor k = 5.2
Scale factor ¢ = 8.45
Wind turbulence was estimated at about 8%

Wind turbines would only be inoperable for a maximum of 100 hours during the year due to lack of

As noted the wind velocity measurements were taken at 4Barverifying the shapand c factors above
mentionedFigure29was digitalized, and the Weibull distribution was fitted to the graph, with the result
shown inFigure29. The Root Mean Square Error is 2.58% and can be considered acceptsidering
thatthe original report is not availabl€able52 shows the arregponding frequency table atide values

to be employed for the calculation of the energy output of the wind turbine.
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6.4.1.3 NASA Surface Meteorology

Another source for information on wind power is the NASA Surface Meteorology and Solar Energy web
site. This sourcerovides averaged solar and wind information for cells of size lo(agmroximately

110 km * 110 km) For the 20 MW Wind Power Plant, located near HBpach the information that
applies corresponds to the cell 96122 centered at Latitude 6.50 N artler)7.50 W.Map 16 shows

the coverage of this cell, which includes H&®achand surroundings, and a vast region to south.

Map 16. Coverageof the NASA Cell 96122

Gaogle eartrs
v

Cell Midpoint Latitude: 6.5, Cell Midpoint Longitude: 57 Source: Adapted from Google Earth

Figure30shows Wind Resource for Hope&chand the area covered by NASA Cell 96122. The annual
average is 3.51 m/s, with a maximum of 4.29 m/s during January and a minimum of 2.92 m/s during
Augustat 50 m anemometer height
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Figure 30. Wind Resource for Hope Beacharea (NASA Cell 96122)at 50 m
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Source: NASA Surface meteorology and Solar Energy database. Downloaded by HOMER Pro

Figure 31 shows the air temperature for NASA Cell 9618Rpwing a maximum of 26.130C for the
month of April, and a minimum of 25.30C for the month of January.

Figure 31 Temperature Resource for Georgetown (NASA Cell 96122)
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It is important to note that the mean monthly velocities at 50 m are lower than the monthly wind velocities
measures at 10.43 m at the Old Riffle Station. This difference can only be explained considering that
NASA value is an averge on a square of 10x10 (equivalent to 111 km*111 km) and because of the low
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velocities in the hinterland the averagaoti s
considered.

6.4.1.4 Wind data assessment reports for foutocations

For the developmemdf this 2018 report update, GEA supplied Wind Data Assessment Reports (May 25,
2018) for the locations of Port Mourant, on the coast close to New Amsterdam, and for Jawalla, Orealla
and Yupukari in the hinterland.

In Port Mourant, the wind vane and aneneten were installed on a Water Tank Tower for a very
preliminary survey of the site. A new tower and new instrumentation will be placed during 2018.

Map 17. Location of metea stations in Jawalla, Orealla and Yupukari
el

jetown
s

Theinstrumentation in Port Mourant were installed on a Water Tower Tank and not on an appropriate
wind measurement tower. The very preliminary results show that this is a promising site. During year
2018, new measurement and data logging equipment will kedl@son a proper wind measurement
tower.

The conclusion of the Wind Data Assessment Reports for Jawalla, Orealla and Yupukari is that their

Wind Power Densities at 50 m aPeor (Wind Power Class Classification). The average annual wind
speed on currergconomically feasible projects must be a minimum of 7.0 m/s. This velocity can be
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achieved at 80 m or higher in these locations, according to the wind shear coefficients, but this height
becomes impractical for small wind projééts

This reportis based on wind measurements framet tower, corrected for long term wind speed average
and modeled over the project area using WASP softvare

The met tower (#5759) was a 100 m tall guyed met tower placed at Hope Beach for measuring speeds for
the project. The tower had instrumeatsix heights: 100 m vane and anemometer, 63 m anemometer,

50 m anemometer and 10 m vane and anemometer. Ther3D ™ a instruments connections were not
correct, so this data was not usetl.iAstruments heights are approximate from ground level.

The measurement data set is from Jan 1, 2015 till Dec 31, 2015. Due to a failure in the power system of
the data logget, her e was a | oss of data after September
using the data from September 17 to December 31 of 2003, using information of a 40 m tall wind
measurement tower (#001) installed at same place years before.

Figure32 shows the monthly wind speed profiles for the 100 m, 63 m, 50 m and 10 m anemometers of
the tower #5759 and the 40 m, 30 m and 10 m anemometers of the tower #0Ejradidirnal wind
profiles.

Figure 32. 5759 and 001 wind data shown in one yedfor filling gaps in data
Monthly Wind Speed Profile Diurnal Wind Speed Profile
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Source: Guyana Hope Beach, Wind Energy and Energy Assessment Report, WES Engineering (May 2016), Wisconsin, USA,
page 10.

Windographer software has a fill gaps process to create lost values for data gaps. The synthesized data
was compared to the other leteym data sources for accuracy of scale and hourly variability of winds.
Figure33 shows the synthetideB0 m (turbine hub height) monthly wind profile, the diurnal wind speed
Profile, the vertical wind shear and the wind frequency rose. From the windheg@evailing wind
directionsare 30° to 60° East from North at 100 m height. The vertical wind shear profile, employed for

51 See Appendidppendix J.
52 Guyana Hope Beach, Wind Energy and Energy Assessment Report, WES Engineering (May 2016), Wisconsin,
USA.
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extrapolating velocities at other heights, has a power law exponent of 0.113. The power density at 50 m
is 230 W/m2 (Wind Power Classi 2Marginal).

Figure 33. Windographer 5759 data smmary, including long term synthesized 80m speed
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Source: Guyana Hope Beach, Wind Energy and Energy Assessment Report, WES Engineering (May 2016), Wisconsin, USA.

The below image from the Windograptsaftware gives the Turbulence Intensity(Tlyrsuary for the
100 m instrument, the Representative Tl is low, with value below 0.1 at/4.3There is not data to
provide a 15 m/s bin. This site is ini&C Category C turbulence, the lowest category, dtlegseashore
location.

Figure 34 has the probability distribution of the wind data used for analg€l® m height. Weibull
parameter k and ¢ have been estimatitd three different methods.
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Figure 34. Probability Distribution Function i 100 m height
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Source: Guyana Hope Beach, Wind Energy and Energy Assessment Report, WES Engineering (May 2016), Wisconsin, USA,
page 10.

For 80 m, the bedit Weibull parameters are: k=4.30 and ¢=8.07.m/s

Long term average wind speed at site modeled in the range 6.8 m/s to 7.0 m/s for a turbine hub height of
80 m. The Net Capacity Factor (NCF) for the wind turbine HZ 2 MW 111 m rotor turbine was 36% for
the long term annualized average.

B. Jargstorf of the German compaRactor 4 Energy Projects Gmhkddnducted an evaluation of the
proposed wind farm in Hopedach This project has been discussed since the last decade and has suffer
variouswind park configuration changes.

Following Jargstorf repdit Aln the PINs from March 2014 and No\
energy production is given as 82 and 80 GWh, respectively. In the first case it was based on a 25 MW

wind park with 10 Goldwid 2.5 MW units (gearless, direct drive), in the latter on a 26 MW configuration

with 13 units of the Haizhuang Windpower Equipment Co. with 2 MW each. Details about the wind

turbine were not givenit is assumed, however, that the developer calculatednhual output for the

HZ-102-2MW model with 102 m rotor diameter. In the final proposal of the developer, it is proposed a 2

MW machine with an enl arged rotor diameter of 111
Beach will increase its surpnigly high capacity factor from 35.1% to 41.0%.

Later in the analysis of the financial proposal, and as consequence of the other technical points on the
Hope Beach Project reported by Jargstorf  eahe sugge
of 37 %0.

63 B. Jargstorf. Hope Beach Wind Park Projetiiception Mission Report. Factor(duly 2016) Wismar. Germany
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The major reasons for the criticism of Jargstorf on the project are: the wind energy assessment carried
out by WES (previous section) have missing wind velocity periods completed with measurements of other
station, the technical information dhe proposed wind turbine has to be measured by an independent
party, the wind turbine is not appropriate according to the IEC wind class classification, the configuration
of the park is not appropriate for safety and health reasons for the inhabitematsacthe wind park
location, and a higher estimate of the wind losses instead of the proposed 23% because of a higher
estimate for the wake losses for the whole park, among others gaps in the project reported.

For the analysis of wind ergy generated by a wind turbine, an essential parameter is the Capacity factor.
In the 2016 report, employing a turbine that exceeded the specs of a 1.8 MW wind turbine foe&tdpe B
(where the Annual Average Wind Speed is 7.6 m/s), and a loss factor7é6,1the Capacity Factor for

a single turbine was 38.5%. Wheonsidering other losse$ the wind park (wake losses and other), NCF
was rounded to 36%.

The final question concerning this study is, what is an appropriate Net Capacity Factor not ldojyefor
Beach but for the coastal line of Guyana, where the most promising places seertisetodaestal line
from Hope Reachto Port Mourant.

In the previous 2015 report, using limited wind information for Hope Beach, Brugman SAS proposed a
capacity factode 36% for individual turbines. The WES Engineering Report of 2016, one year later of
the Brugman suggest, with better wind velocity measurements, calculated a Net Capacity Factor for the
HZ 2 MW 111 m rotor turbine at 36% for the long term annualizedageerThis last figure is the one
criticized by Jargstorf.

In virtue of the WES wind evaluation and the very preliminary wind evaluation of Port Mourant, it seems

convenient to maintain the capacity factor in the range 38386 for the coastal line from lpe Beach
to Port Mourant.

Monthly profiles of wind speeds f@Id Rifle Range an#iope Beachon the Caribbean shore are shown
in next figures.
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Figure 35. Monthly mean wind speeds. Old Rifle Range, Georgetown, 194874
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Figure 36. Hope Beach- Profile of monthly mean wind speeds
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The figures show a maximum moving from March to April, a minimum in the period Awgeist, and
a recovery of the monthly mean wind velocities in the last months of the year.

Theavailableinformationdoes not give theonthly profiles of the expected energy generation in anyone
of these locations.

Figure 37 shows the profile of the monthly wind speeds and the monthly production for a 2 MW wind
turbine wind class Il at Nieuw Nickerie in Surinam. It shows the influence of the velocity profiie on
generation profile. A similar behavior could be expected for the locations in the Guyanese shore.
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Figure 37. Surinamei Nieuw Nickerie T winds speeds: generation(monthly)- 2 MW wind

turbine Class Il
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To verify the promissgr wind conditions of the Guyanese Atlantic shore, in fully agreement with
information received fromthe GoG, this report considers reamendable wind measurements of the
highest quality in the next places on the shore.

Table 53. Summary of recommended wind measurement sites.

Rank Site # L ocation Lat Long
1 AL_Loc 1 | Corentyne, Leeds to Number Sixty one | 6.035594 -57.1615
2 15 Port Mourant 6.259866 -57.3519
3 AL_Loc 2 | Onverwagt 6.429864 -57.6185
4 11 Crabwood Creek 5.826004 -57.1587
5 AL_Loc 3 | Essex to De Kinderen 6.675216 -57.8840
6 6 North AnnaRegna 7.337393 -584824
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Map 18. Map showing the locations of the recmmended sites

LoGy15

lat/ 5.839089° lon-58

SourceGoG

6.4.3 Investment and O&M costs

For this study a representativevestmentostof US$1,657kW wasconsidered for DBIS onshovénd
plants and US®7.8kW/year as operating and maintenance cdsisse costs correspond to estimates
prepared in 2017 by the Energy Information AdministralUSA) and are very similar to the estimations
for a reference project obtained prepared with NREL (USA) statigtigsendixK includes a detailed
presentation of these estimates. The useful life of this type of projects was assumed in 20 years.
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The main driver for development of solar photovoltaic energy in Guyana has been until today the
improvement of the quality of life of isolated mmowunities where grid power is unavailablehe total

estimated existing solar PV installed capadityGiyana is about 5.3 MW, of whichMW are ongrid

(mostly distributed PV Solar systems in public buildings and schools) and 2.3 Mikdfin remote
hinterl and communities). These includes kKWojects
Solar PV FarmNow, the capacity of Solar PV Projects in the pipeline (financing not secured but being
pursued) is 34.2 MW (20 MW from GGGI initiatives with sgénerators + 9OMW GPL + 5.2 MW

IRENA). An estimate of Potential Solar PV capacity is ab&BI8\W (inclusive of 5.3 MW installed as

at 2018 + the 34.2 MW in the pipeline + additional 20MW on GPL grid + 20 M\Agridf + 5 MW

Linden + 0.8 MW Itunif*

This examinedopportunities for additional projects to increase supply to the Demér&erbice
interconnection system (DBIS)including the potential impacts of Distributed Generation (DG)
considered in the power demand forecast evaluation

The solar irradiation in Byana has been considered satisfactory for the exploitation of solar energy and
has been estimated at a mean taalidevel of 1700 kWh/m?/year.

For the development of solar photovoltaic projects, the basic information depends on the type of
technology casidered. For electricity generation with flat PV modules, Global Horizontal Irradiation
(GHI) and ambient temperature are required.

In Brugman (2016), the source of information was the NASA Surface Meteorology and Solar Energy
web site. This source prowd averaged solar, wind and temperature information for 10 x 1o cells (110
km x110 km). For a plant located near Georgetown, the information corresponds to the cell 96121
centered at Latitude 6.50 N and Longitu88.50 W.Map 19 shows the coverage of this cell, which
includes Georgetown and surroundings, and a vast region to the south.

64 Solar RoadMap Guyankternational Solar Alliancé018). NoteMini-grids are treated as edfid.
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Map 19. Coverage of the NASA Cell 96121
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Figure38 shows GHI for Georgetown and the area covered by NASA Cell 96121. The annuataserag
4.77 kWh/m2/day, with a maximum of 5.3 kWh/m2/day during September and a minimum of 4.34
kWh/m2/day during June.

Figure 38. GHI Resource for Georgetown (NASA Cell 96121)
SOLAR GHI RESOURCE 4

Choose Data Source: @ Enter monthly averages () Import from a time series data file or the library

Download From Internet...
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Maonthly Average Solar Global Horizontal Irradiance (GHI) Data
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Source: NASA Surface meteorology and Solar Energybdata Downloaded by HOMER Pro

Global horizontal radiation, monthly averaged values over 22 year period (July 1983 - June 2005).
CellNumber: 86121

CellDimensicns: 1 degree x 1 degree

CellMidpeintLatitude: 6.5

CellMidpeintlongitude: -58.5
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Figure 39 shows the air temperature for NASA Cell 96121, showing a maximum of 25.680C for the
month of April and October, and a minimum of 24.480C for the month of January.

Figure 39. Temperature Resource for Georgetown (NASA Cell 96121)
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n

The spatial resolution of one degree by one degree employed in the 2016 report is very low (averages for

anarea of app. 110 km x 110 km). Recent free available web site information provides higher spatial
resolution and longerm average of critical parameters from satellite informétidrhe source is the
Global Solar Atlas developed by SOLARGIS for the Wdkhk Group founded by ESMAP

The main advantages and superiority of this information over the one in the previous report are:

9 Higher spatial resolution of solar radiation and other parameters is 1 kamx 1
1 Effects of terrain have been considered (shaftiagn buildings, structures and vegetation is not
considered)

9 The solar resource and PV Power potential represent a period of 1994/1999/2007 till December 2015,

depending on the satellite data coverage (see Figure below).
9 Temporal resolution (time stepJ solar resource depends on the satellite region, and this ranges
between 10/15/30 minutes.

1 Airtemperature data are derived from CFSR and CFSv2 meteorological models and they are available

at the time step of 1 hour.
9 Solar resource, PV power potentiahdaair temperature data is aggregated Hmmm into yearly
averages.

55 Presently Solargis processes data from three satellite data providers (EUMETSAT, Japanese Meteorological
Agency and Natioal Oceanic and Atmospheric Administration) with geostationary satellites operating at five key
positions, to cover the entire world (except polar and subpolar regions).

56 http://globalsolaratlas.info/downloads/guyana
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6.5.1 Global Horizontal Irradiation (GHI)

GHI (Global Horizontal Irradiation) is the sum of direct and diffuse components of solar radiation
[kwh/m2]. It is considered as a climate refereasét enables comparing individual sites or regions.

Map 20 shows the longerm 19992015 Global Horizontal Irradiation (GHI) for Guyana. The long term
average rangebetween with 4.7 4.8 kWh/m2/year for few spots in the south west and;5328
kwh/m2/year for the sea border region to close to New Amsterdam and thensstittegion of south
west close to Lethem.

Map 20. Global Horizontal Irradia tion i Guyana
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6.5.2 Direct Normal Irradiation

DNI (Direct Normal Irradiation) is the solar radiation component that directly reaches the surface
[kwh/m2]. It is relevant for concentrating solar thermal power plants (CSP) and photovoltaic
concentrating technologies (CPV).

Map 21 shows the longerm 19992015 DNI for Guyana. The long term average ranges between 3.0 for
few spots in the soutivest and, 5.0 kwh/m2/year for the sea border region to close to New Amsterdam
and 4.6 in the soutivest region of south west close to Lethem.

Map 21. Direct Normal Irradiation 7 Guyana
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6.5.3 PVOUT

Another very important output the Global Atlas provide is PVOUT (PV Electricity output). Tthe is
amount of energy, converted by a PV system into electricity [KWh/kKWp] that is expected to be generated
according to the geographical conditions of a site and a configuration of the PV system. PVOUT is also
known as Specific Yield (SY) of a PV Systerhat is, the total amount of energy generated per kWp
installed.

Total Annual Energy Generated (kWh)
Installed PV Peak Power (kWp)

PVOUT (year) = 8Y =

Table54 shows the configuration of the PV system employed for the computation of PVOUT.

Table 54. PV Configuration

PV Configuration

Installed Power: 1

Modules: CSl modules, NOCT = 46
temperature coeff. of the Pmax = -0.45
Inverters: Central Inverters with Euro Efficiency 97.5
Mounting of PV Fixed mounting structures North or South oriented
modules: with optimum tilt angle and with typical row spacing
Other DC losses; Dirt, dust, soiling, frost, snow, DC cabling losses,

electrical mismatch, electrical losses of 7.5

Transformer: Standard high efficiency transformer, AC cabling

osses of 1.5

Source: Consultant

Map 22 shows the longerm average 1992015 of PVOUT for a 1 kWPV System with the previous
configuration. The region with the highest potential is the shore, with a potential betweg® 4.5
kWh/kWp, maximum at Port Mourant, Bush Lot, Mahaica and Anna Regina, betwe&nd432for
Georgetown. Also, between 4.2.3kWh/kWp, Lethem and Kato. In the rest of the country around 4.0
kWh/kWp are expected.
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Map 22. PVOUT for a 1 kWp PV Systeni Guyana
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6.5.4 Capacity Factor

The Capacity Factor (CF) is the ratio of the actual output over a period of a year and its output if it had
operated at nominal power the entire year:
Energy generated per annum (KWh)

hours
ARIUM

CF =

8760 [ )x Installed Capacity (kWp)

Comparing this equation and the previous one, the values reported in the PVOUT map on a year basis,
divided by 8760 hours are the Capacity Factors of the PV Plant in the different regions of the country.

Table55 shows the Daily PVOUT, Specific Yield, and Capacity Factor for 1 kWp PV Plant in different
Cities and Towns from direct reading of the bands in the map. More accurate values can be obtained for
each town usingirectly the web application.
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Table 55. Daily PVOUT, Specific Yield, and Capacity Factor for 1 kWp PV Plant in different
Cities and Towns
PVOUT (kWh/kWp-day) |Specific Yield (kWh/kWp)| Capacity Factor (%) |Cities, Municipalities

3.8to|3.9 1384to (1424 15.84%to| 16.26%
3.9to|4 1424t0 (1461 16.26%to| 16.68%Bartica
Aishalton, Mabaruma, Akwero, Linden
o o ) ) ) )
diola1 1461to (1498 16.68%to| 17.10% Kwakwani Land of Canaan
4.1to|4.2 1498t0 (1534 17.10%to| 17.51%Parika
1534t0 1571 17 51%t0| 17 9304 Crabwood Creek, Charity, Corriverton,
4.2to(4.3 Georgetown
Lethem, Kurukabaru, Paramakatoi, Kato, g
o o \ ) , )
4.3to|4.4 1577011607 17.93%to| 18.35% Martin, New Amsterdam
4.4to|4.5 1607to |1644 18.35%to| 18.76%4Mibikuri, Mahaicny, Mahaica, Anna Regina
4.5t0]4.6 1644to (1680 18.76%to| 19.18%Port Mourant, Bush Lot

Source: Consultant

The PVYOUT map and the table show that the best locations for PV glarai®ng the shore witapacity
factors between 17 and 19%.

6.5.5 Monthly behavior of GHI and Temperature

If the monthly behavioof GHI follows the pattern of the information givenMap 19 andFigure 38 of
pagell5 Figure40showstheir behavior referred to the year average of solar radiation computed as the
monthly percentage of the total annual irradigtion

Figure 40. Monthly behavior of GHI
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57 There is no web access to the monthé§avior of GHI and Temperature.
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For the update of the DBIS generation expansion it is considered in the short term two grid connected
solar plants (3 MW eacimcluding battery storage capagitgcated irNaarstigheid, West Coast Berbice
and Samés Ville Kuru Kururu.

For new PV power plantshe study includes 4x12 MW plant candidates with investment co&tiS®f
3,500/MW withbatterystorage capacity andS$1,370/MW without it®®. O&M costs were taken a$S$
24/MW-year and plant factor in 19%Appendix | includes a detailed presentation of these cost
parameters.

As noted by IMF (2017¢c)Gu y s uhlmsin@ss model is unsustainable given low competitiveness
depressed sugar prices and the expected dismantling of the EU sugar quota system in Eiijitgsee

41). Given the liberalization of the EU sugar market in 201&,thl MF encour aged t he GoC
to press ahead with the overhaul of the sugar industry by scaling down and privatizing inefficient units

(while providing a safety net to those affected) diversifyingthe revenue stream.

According to the Statpaper on the Future of the Sugar Indu8twhich was presented to the National

Assembly by thédonorableMinister of Agriculture, the Special Purpose Unit of the National Industrial

and Conmercial Investments Limited was established as a corporate véhicianage the divestment

and diversification of the sugar industry in Guyana. The divestment and diversification of the sugar
industry was reammended because the Guyana Sugar Corporatian(@Gwysucd was in financial

turmoil since it was heavily indelite As theHonorableMinister of Agriculture explained in the State
paper, ithe future of the sugar industry is consi
and cash deficits . . . coupled with a separate and profitable diversifiedrisetarpich would ensure a
viable future.o

58 Investment costs for solar PV grid connected (with and without battery storage) verifledhid ARDOG S
LEVELIZED COST OF ENERGY ANALYSI® VERSION 11.0 November 2017.

69 State paper on the Future of the Sugar Industry./fatpiculture.gov.gy/2017/05/08/stapaperon-the-future-
of-the-sugarindustry/ . Queried March 20, 2018.
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Figure 41. Reform of EU regime

For several decades, Guyana and other Caribbean sugar exporters have enjoyed tariff-free access to
the EU market. However, since 2005, the EU has embarked on a liberalizing reform of its sugar regime and
intends to dismantle EU production quotas on September 30, 2017.

The reform is expected to further compress the
already small EU sugar market premium due to
increased competition from EU beet sugar
producers. Some Caribbean countries have already
closed their structurally uncompetitive sugar
industries upon the announcement of the EU
reform. Trinidad and Tobago and St. Kitts and
Nevis phased out sugar production in mid/late-
2000s given their significant cost disadvantage
relative to large-scale producers like Brazil and
Australia. Guyana mainly exports sugar to the
United Kingdom (UK), which will still be affected by
the new EU sugar regime until the UK's formal
separation (and it is unclear what sugar regime the
UK will have afterwards).
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Refined sugar could be sold at a premium in the CARICOM market if there was a refinery in the
region, which would boost demand for Guyanese raw sugar.

Skeldon and Enmore sugar plants were closed in December 31, 2017. At the time of this study, such

Source: IMF (2017c). Page 10.

facilitiesarenot in operation and are subject to a privatization process.

Power exports to DBISould become a diversification opportunity f@uysuco after the current-re

organization process end#/e are including in this study Albion (9.8 MW) ahlitvlugt (6 MW)™° as

adviseddiscussed byUC and Guysuco’s management, afieeryingthem about our findings in our
previous study (Brugman (2016)).

The same Re (2 MW) andWood (0.7 MW) candidates of Brugman (2016) are being considered as

candidates for power expansidrable56 sunmarizes the Biomass plarggaluatedn this study

Table 56. Biomass cogeneration alternatives

Plant Capacity Internal Export Capex Load

(MW) Consumption Capacity to (USS$/kW) | factor (%)

(MW) DBIS (MW)

Albion 13.6 3.8 9.8 2,150 66%
Uitvlugt 8.6 2.6 6.0 2,250 69%
Georgetown Wooc 0.66 NA 0.66 2,600 43%
Rice- 5 Region 2.3 NA 2.3 3,500 47%
Ricei 6 Region 2.0 NA 2.0 3,500 47%

70 An assumption is made that Uitvlugt could offer the same power export to DBIs as of Enmore in Brugman (2016)

Source:Consultant
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Our analysis assumes that Skeldon, which has an installed capacity of 3(BiiMthass, although it did

not work properly since its beginning) plus 10 MW genseit$) internal consumption of 8.75MWT'he

update of the generation expansion study assumeg that MW gensets continues to
and that the bagasse power plant would be refurbished and the substation capacity increased to provide

to DBIS 13.75 MW of biomass seasonal generatiofa(d8nuablant factoraverage) after 2020.

For the connection to DBIS6s 69 kV gri-280MM) new ga
located inWoodands i t would be required a two circuits fAdi
substation up to Sopdbdr New Sopha substations through. Given this location andRights of Way

(ROW) and tension level estimated for the Arco Norte interconnesijistem it is considered that such
transmission system would consista two circuit 230 kV transmission systeincludingits required

230/6913.8kV substations. Total length estimated for this this line is 37 km. This line will run east from

Sophia, orhe Garden of Eden substation just south of Georgetown, parallel to the coast, reaching the
ColombiaMahaimny located near the Woodl@ssite. Total investment cost of this system is estimated

in US$25.1million (seeAppendixM ).

Transmission connection of the five hydroelectric projects considers that a double circuit 230 kV
transmission line would bestalledin Guyana as a backbone of the Arco NdriterconnectiorSystem,
connecting SECC1 substation (future) with Linden (future) and New Sophie substations (or Garden of
Edensubstatiorif preferredas DBISconnectiorsite). This system would be required to coneutila

and Tumatumari hydroelectric projects and partially, Lindé&ew Sophie, in the case of Kumarau and
Kamaira hydroelectric projects, while Tiger Hill could also eventually supply only Linden, with or
without being interconnected to DBIS.

This connetion line runs from future Arco Norte substation SECC1 located approximately 90 km south
of Linden (near Tumatumari site) and then through Linden and finally reaching DBIS grid. The proposed
Rights of Way (ROW) follows the road from Brazil to Linden, sing the Demerara River, the Soesdyke
Linden Highway, and the East Bank Public Road throudbaimen of Eden

For the purposes of the expansion study this line is separated in two main tranches: al. BHOE1

which would be required for the connectiorDBIS Tumatumari andmalia power plants, and b) Linden

I Garden of Eden, which would be required for the connection of all five power plants. The investment
cost of the first tranche (including transmission lines and substations is estima&®&ih2 million and

the investment in the second trancheli8$ 62.8 million. Basic characteristicand investment cost
estimates of t his ndeprededieonmppéndikM.ans mi ssi on | i ne

The basic transmission line and substation costs used were taken from the Arco Norte study. The ROW
for each plant are illustrated in the figure. All ROW use the same route from Lindephia Swlowing

the Soesdy&- Linden Highway north of Linden before entering Georgetown via existing canal easements
south of the airport.

"1 Restricted today by grid transmis®n capacity of Skeldon of 13.5 MW.
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Map 23. Proposed transmission Rights of Way
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The ROW considered for the new power plants connections are described next.

Kamaria ROWbegins by heading soutkest from the plant crossing Cuyuni River (min. span width
370m) before turning soutmast crossing the Mazaruni River before heading souétigido the Bartica

Potaro Road until parallel with the Rockstone Road where it turns and heads due east crossing the
Essequibo River at Rockstone before following the Rockstone Road through to Linden.

Kumarau ROWegins by heading norémast from thglant crossing the Mazaruni River then parallel to

ETK Road crossing the Puruni River before following the Peters Mine Road and passing Peters Mine
before turning to the soutkast, crossing the Mazaruni River continuing on until parallel with the
Rockstoe Road where it turns and heads due east crossing the Essequibo River at Rockstone before
following the Rockstone Road through to Linden.

Tiger Hill ROWheads due north to Linden parallel to the Demerara River approximately 40km, the
connection line is icluded in the project estimation as a 69 kV line with 2 circuits.

Tumatumari ROWheads in a southerly direction following the Tumatumari Konawaruk Road before
turning east and following arhll Weather Unsealed Road crossing the Essequibo River at
BenhorBumoko Island and then further east to SECC1.

Amaila ROWhead in an easterly direction to Tumatumari dropping down the escarpment and crossing
the Potaro River. They then follow the rights of way described for Tumatumari.
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The power plant candidates considered for the evaluation of generation expansion in Guyana were
preliminarily evaluated through a calculation of thevelizedCost of Electricity (LCOE) associated to

each candidate plant. LCOE is a convahisummary measure of the overall cost contipetiess of

different generating technologies, and therefore useful for the purposes of comparing technologies with
different operating and investment characteristics. It represents the constargigasvatt hor cost (in

real US dollars) of building and operating a generating plant over an assumed financial life. In other
words, the LCOE is the constant unit cost of a constant payment stream that has the same present value
as the total cost of building and opting a plant over its lifé

The key inputs to calculate LCOE include investments dogtdated at its commissioning dgatéuel
costs, fixed and variable operations and maintenancé)Qsts, utilization factor and operating life
for each plant type, as well as tliscountrate, which represents in this case the value of money over
time.

The importance of the factors varies among the technologies. For instance, for technologies such
hydroelectricity that have no fuel costs and relatively small O&M costs, the LCOE cost changes in rough

proportion to the estimated overnight capital cost of generation capacity. For technologies with significant

fuel cost, both fuel cost and overnight testimates significantly affect the LCOE cost. The availability

of various incentives, including government subsidies or tax credits for a given technology, can also

impact the calculation of LCOE. In this study it was assumed that there is no goveemnediitdirected

toward any given technology and equal treatment of corporate tax rates across all technologies.

LCOE represents the minimum price at which energy must be sold for a given plant to break even (in
other words, to have net present value obkdt is relevant to note that this approach does not take into
account tax incentives (as stated above) and the effects of depreciation or tax shields of interest payments
over the life of the project. In order to incorporate complex financing assurapiite should build a
complete financial model for each plant over time. Equal financing levels and tax incentives for each
plant was assumed, as well as equal depreciation accounting policies of each project. The following
simplified criteria to calculatthe LCOE of a plant in constant dollars of year 2018 was used:

IC*Y +O& M
LC = 5760 LF XD+ F*FC + O& M, qppet O*W

i(L+i)"
@+i)" -1

2The approach followed in this study is aproppiated to estimate LCOE indicators for candidate power plants
operating in mainly thermal power systems, for which the generation expansion requirements are basically driven

by requirements of Afirmo capacity, as it is the DBI S
indicators associated to thermal plants used to supply peak loads (i.e. motors or gas turbines operating with low

plant factors).The methodology digual is different from the one utilized in the Arco Norte study where LCOE
indicators were estimated for Afirmd energies associat
guantities considering available capacity of this power plants). Té@ Morte study approach is useful to compare

LCOE indicators for power plants operating in mainly hydro power systems, for which generation expansion
requirements are basically driven by requi rtedlAecnt s of #
Norte interconnected system.
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Where,

IC = Total Capital Investment Cost including interest during construction
(Dollars/MW)
q = Conversion rate to represent the IC. @ePresent Value) into a stream of n

periods of constant payments with discount rate i, as stated below
i= Yearly discount rate in real (constant) terms after taxes calculated as the
Weighted Average Cost of Capital (WACC) without adjustments for

uncerainty
n= Operating Life (number of years) of the plant
O&M fixed =  Fixed Operation and Maintenance Costs per year (Dollars/MW)
O&M variable = Variable Operation and Maintenance Costs (Dollars/MWh)
LF = Plant Factor (%)
a = Heat rate (MBTU/MWh)
FC = Fuel Cost (Dollars/MBTU)
b = CO; Cost per ton in US$ (US$/Ton)
Y = CO, emission per ton (Ton/MWh)

As with any projection, there is uncertainty about all of these factors and their values can vary across time
as technologies evolve and fuel prices chalgghis section, a discount rate of 10% (in dollar real terms)

was considered. No effect of inflation was considered in discount rate, nor in fuel price projections. A
US$30/tonCO; cost was considered in real 2018 prices.

The LCOE shown for each utilitgcale generation technology in the tables that are presented at the end
of this section were calculated based on a different life periods in which each plant should recover its
total investment and operating costs. Different leveldoafl factorswere usd according to each
technology considered as explainedTable 57. Hydro projecté capex includes transmissidosses

Other assumptions for fixed and variable Kd&osts were used according to each technology, as shown

in Table57.

Table 57. Levelized cost of electricity: Assumptions

Fuel Installed Operational Investment O&M Fixed O&M variable Heat Load Min.Load Max. Load
Name Technology Type Capacity Life Costs Cost Cost Rate Factor  Factor Factor
Hydro_Kamaira Hydro Water 180 40 4,610 20.0 0.0 0 68.6%  65.0% 70.0%
Hydro_Amaila Hydro Water 165 40 4,593 20.0 0.0 0 75.7% 75.0% 80.0%
Hydro_Tiger Hill Hydro Water 12 40 6,074 20.0 0.0 0 62.8%  60.0% 65.0%
Hydro_Tumatumari Hydro Water 152 40 3,504 20.0 0.0 0 56.4%  55.0% 60.0%
Hydro_Kumarau_Nat Hydro Water 100 40 4,238 20.0 0.0 0 58.8%  55.0% 60.0%
Hydro_Kumarau_Re(¢Hydro Water 50 40 3,902 20.0 0.0 0 73.3%  70.0% 75.0%
Engine_LFO_11 Engine LFO 11.4 20 1,495 15.0 8.9 9.72 70.0% 90.0%
Engine_Gas_17 Engine Natural Gas 17 20 1,413 7.3 6.2 8.50 70.0% 90.0%
Engine_HFO_11 Engine HFO 114 20 1,755 45.0 9.8 9.72 70.0% 90.0%
Bagasse_Albion Biomass Sugar 9.8 20 2,150 20.0 0.0 10.80 66.0% 65.0% 70.0%
Bagasse_Uitvlug Biomass Sugar 5.7 20 2,250 20.0 0.0 10.80 69.0% 65.0% 70.0%
Rice Biomass Rice 4.3 25 3,500 45.0 0.0 10.80 47.0%  45.0% 50.0%
Wood Biomass Wood 0.7 25 2,600 25.0 0.0 10.80 43.0% 40.0% 45.0%
Wind_8 Wind Wind 8 20 1,657 475 0.0 0 35.0% 35.0% 40.0%
Wind_20 Wind Wind 20 20 1,657 475 0.0 0 35.0% 35.0% 40.0%
Solar_12 Solar Solar 12 25 1,370 23.0 0.0 0 18.0%  20.0% 25.0%
Solar_Storage_12  Solar_Storage Solar 12 25 3,500 23.0 0.0 0 18.0%  20.0% 25.0%
Solar_Thermal_TowefSolar_Storage Solar 120 35 6,900 77.5 0.0 0.00 47.0%  45.0% 50.0%
Natural_Gas_GT_50 Gas Turbine Natural Gas 50 20 900 14.0 3.0 10.00 70.0% 90.0%
Comb_Cycle_100  Combined Cycle Natural Gas 100 25 2,000 25.0 35 8.16 70.0% 90.0%
Comb_Cycle_150 Combined Cycle Natural Gas 150 25 1,950 23.0 35 8.00 70.0% 90.0%
Natural_Gas_GT_20 Gas Turbine Natural Gas 20 20 1,100 16.0 3.0 10.20 70.0% 90.0%
Natural_Gas_GT_33 Gas Turbine Natural Gas 33 20 1,000 15.0 3.0 10.10 70.0% 90.0%

Source:ConsultantHydro Investment Costs ($/kW) from 10% discount rate scenario as shdableb8.
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To take into account the time value of money in hydroelectric plastmpst are built in 3 years except

Kumarau National which is built in 4 year3)able58 shows the capital costs that were used for each

discount rate.

Table58 Hy dr oel ectri c

Name 8%

Hydro_Kamaira 4,474
Hydro_Amaila 4,457
Hydro_Tiger Hill 5,895
Hydro_Tumatumari 3,401

Hydro_Kumarau_National 4,055

‘Hydro_Kumarau_Regional 3,787

Source: Consultant

projects?o

10%
4,610
4,593
6,074
3,504
4,238
3,902

12%
4,749
4,731
6,256
3,609
4,427
4,020

capital cost

Figure 42 and Figure 43 show the LCOE plotted against load factorsakis) obtained for the plant
candidatesdr the Reference Case scenario of fuel prices and 10% discount rate. In order to obtain a

comparable comparison, the consultant split the comparison between power plants using non

conventional renewable energy sources (such as wind, biomass and sotadontnit have firm energy)
and power plants using conventional technologies (hydro, thermal plants anddigjei motors) which
have firm energy and/or capacity for peak hours.

US$ / MWh

Figure 42. LCOE Reference case Conventional & Hydro - 10% rate
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Figure 43. LCOE Reference Case Renewables 10% discount rate
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The results obtained indicate that the liquid fuel options have the highest levelized costs while the hydro
plants Kumarau Regional, Tumatumahimalia and Kumarau national offer the best levelized costs
amongst conventional power generation technologies with firm energy. The Hydro option with the higher
LCOE (plant factor between 60% and 70%) is Tiger Hill ehile lowest is Kumarau Regional (which

has a higher load factor). The natural gas engines (17 MW) and Gas Turbine (50 MW) offer the lowest
LCOE of all fuetfired options, natural gas engines having lower LCOE when plant factors are above
70%.

On the othehand, of those technologies which do not offer a firm energy, the Sugar Cane Bagasse options
have the lowest levelized costs as showikigure 43 (Albion has the lowst LCOE of the Biomass
options). A 8 MW wind plant with expected 35%0% capacity factor has a middle LCOE while Solar,

Rice and Wood have the largest LCGHI#r battery storage technologies having the highestever

this technology could provideeaking power supply

The results suggest that Biomass, Wind and a High Capacity Hydro (either Kumarau Regional,
TumatumariAmaila and Kumarau nationaljould most probably form part of the minimum cost
generation expansion strategy for Guyana, probaitligwed by 17 MW engines using natural gas or 50

MW natural gas turbine. However, this has to be confirmed through more detailed power expansion
economic analysis, taking into account, if feasible, the substitution of the use of liquid fuels for natural
gas in the existing power plants and the hydrological uncertainty. The model applied later on in this study,
represents the hydrological uncertainty using historical information and therefore improves the robustness
of the results, as LCOE are complex tareate in hydrothermal systems.
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Figure44 andFigure45illustrate the High fuel prices scenario, where the results do not vary considerably
from the Reference Ga Hydro technologies continue to offer lower LCOE than natural gas options,
except Tiger Hill.

Figure 44. LCOE High case- Conventional & Hydro - 10 % discount rate
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Figure 45. LCOE High case- Renewables 10% discount rate
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Figure46 andFigure46illustrate the Low Fuel prices scenario; natural gas open cycle turbines (50 MW
followed by 33 MW) become the most attractive options; even more, they now offer lower LCOE levels
of hydro options, due to lower natural gas prices. Biomass continues to remain favorable technologies.
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Figure 46. LCOE Low case- Conventional & Hydro - 10% discount rate
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Figure 47. LCOE Low case- Renewables 10 % discount rate
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Figure 48 until Figure51 illustrate the Reference price scenario evaluated with 12% and 8% discount
rates whee sugar bagasse Biomass options remain the most favorable options in terms of LCOE. The
Hydro options remains unchanged, as the higher LCOE (plant factor between 60% and 70%) is Tiger Hill
while the lowest is Kumarau Regional, followed by Tumatumari.

Figure 48. LCOE Reference case Conventional & Hydro - 12% discount rate
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US$ / MWh

Figure 49. LCOE Reference case Renewables 12% discount rate
Wood 96 - 107
Rice 112 - 125

Bagasse_Uitvlug 52 I 56
Bagasse_Albion 50 I 54
6\%? Wind_20 d E
Wind_8 d E
Solar_Thermal_Tower 210 234
Solar_12 90 113
Solar_Storage_12 214 268
I Biomass B wind Solar
Source: Consultant
Figure 50. LCOE Reference case Conventional & Hydro - 8% discount rate
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US$ / MWh

Figure 51. LCOE Reference case Renewables 8% discount rate
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Thel8yearGuyanads generation system optimal expansi on

computational model built by the Consultant, which develops the temporal sequence of new power plants
that minimize the present value of future investment costs iregevpment (new generation plants and

their associated transmission) plus operational cost (fuels and operation and maintenance) plus Carbon
Dioxide (CO2) emission costs of new and existing plants. In order to adapt this model to DBIS, different
scenarios i@ defined (each built with different assumptions of demand growth and fuel prices), and
afterwards, the Consultant defines different power generation expansion alternatives that are evaluated
with the model, until an optimal solution is established.

The mathematical model was used to find, in an integrated way, investment decisions in new plants as
well as the optimal (i.e. cost minimization subject to certain constraints) operation of the system. In
particular, the model minimizes present value of tatat of these two components using a mixed integer
progranming techniqgue allowing to include continuous variables representing plant dispatch and integer
variablesrepresenting decisianvestment in new plants.

This chapter is organized in the following w&ection7.1 describes the model applied a&ection7.2
presents thelata used: Energy and Power demand forecasts, existing plants and expansion projects
characteristics, fuel prices and other information required for the optimization.

a. Temporal step

The modelwas applied usingnontHy temporal steps in such a way that seasonal variations in
hydroelectric generation can be captured. Investment decisions in new pregetsepresented
annually.

b. Demand

Power demand wasodelledby one annual value representing the maximum load of the system during
such period. representghe reserve margin over the power demand required in the system expansion in
order to have a reliable supply.

Energy demand wasodelledusing monthly step for eachmonthdemand wasnodelledby <! || blocks
representing the system load duration curve. Thus, the first btwoksponds tenergy demand during

peak hours and, in this way, power demand of the system (maximum load). Each one of the following
blocks corresponds to decreasing load; last block corresponds to minimum load. The sum of the energy
of the 4 || blocks corresponds to the energy demand of the system.

| denotes peak power demand during year

r&fg denotes energy demand for ygamonth (or other time step) block

7 :5ig denotes duration in hours of blg
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C. Hydroelectric Projects

Hydrologic uncertainty of this type of projecivas represented Byseries or scenarios (different
generation possibilities) for each time period, each one of them equally likely. Generation of the plant
associated to each one of the scenarios was denoteesy for year.; mont cenariov¥ Available

power for the plant (taking out forced and planned outages) was denoﬂedﬁaynstalled capacity of

the plant was denoted Hly= . Minimum power dispatched by the plant was denoted}by - .

Previous values were obtained from an initial gsial of the operation afach power planteservow

finding generation of the plant for synthetic hydrology. This was accomplished using SDDP model.

d. Existing thermal plants

4 |} existing thermal plants were considered. Each one of them was chaeattsy the following
values:

- Each existing plani=gpas an available power for each period of time denote H)y@,_-

- Installed capacity of each plant was denotedbly

- Operating costs (fuels, operation and maintenanceCah@mission costs) were expressed by
unit of generation ag |} ey This value is the result of fuel prices forecasts, heat content of the
fuel, the efficiency of the generation plants conside®@,emission factors expressed by unit
of generatiorand the forecasted unitary cost for such emissions.

- Minimum power dispatched by the plant was denoted by the falligzg .

e. Future thermal plants

4|} gechnologies were considered as candidates to the thermal expansion of the systidiviche
technology was denoted hyu{,and was represented by a given number of modules with identical
characteristican terms of power, costs, etGas turbines are identified by the subscifpBEach
candidate project was characterized by its cost, expressed as an annuity of the total investment in
generation and transmission required tonmit the project, considering a discount raigual» The

annuity for planh-||was denoted by andits useful life by Tl As in the case of existing plants,
available power was denoted Ry ge_sand installed capacity bLP |F ‘g1 Operation of the plant
requires a minimum power equal |¢o||— - g0peration costs (fuel amuperation and maintenance)

were expressed per unit of generatiorras gu

f. Non-serveddemand

The optlon ofnon-servingor supplyingpart of the demand was considered. dervedenergy demand
in year:; month fblocki and seriesywas denatd by ® wigvand has an unitary cost gsf=|

The problem was formulated as a mixed integer progiag problem seeking to minimize the present
value of investment and operation (fuel and operation and maintenance) costs during a planning horizon
ofd |byears.
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a. Decision variables
Decision variables of the problem are:

al.
year i,

e s an integer vaable representing the number of modules in operation for.p.lé}tiﬂring

There is one variable associated to each one of the candidate plants considered for the expansion of the
system, for each year of the planning horizon,

a2. WgviS the power dispatched by the candidate pkadruring mon ear’; bloc

seriesv Th.|vs varlable is bounded by the following values:

(T S . Ly T

for all possible values \(OF3 .’Qr-{}except gas turbineSome ofthis type of plants can be part of

a combined cycle. Therefore, the effective capacity of gas turbines operating in an isolated way will be
equal to the number of turbine modulainus twice the number of combined cycles, since two gas
turbines are required to conform a combined cycle modul®dlenotes gas turbines acdienotes
combined cycles, the bounds for the dispatch variable of such plants are given by:

F a2 oq <

Z s Z
< % « o -

a3.  m=mgwais the power dispatched by the candidate phadHuring month ¥
series¥ This varlable is bounded by tifi@lowing values:

IF b (-

wis the power dispatched by Amaila Falls Project during mgnyear;; block:

ad. e

seriesvy

b= o -

H
b. Objective function
bl. Investment cost in candidate plants
)
L iy
o [
-1|— i

For planning purposes the relevant investment costs associated to the construction of each new potential
power plant (and transmission line) was evaluated deducting from its total investment cost the restitution
cost during its remaining useful life aftére planning horizon (i.e. 2036 until the end year of its useful
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life). In other words, the investment cost used for the optimization of the generation expansion was the
one associated to the period in which the projects were available for operatiorthégtpianning period
(20152035). Investment costs in combined cycles correspond to the incremental cost of them, which is
the total costs minus the investment costs in the two gas turbines conforming the combined cycle.

b2. Operating costs associated andidate plants

4 4 4
[ — ! | P

- = B

b3. Operating costs associated to existing plants

4 ol 4
F
—_— | Il_‘" v
b4. Cost of norserveddemand
4| 4 4

C. Constraints
c.l Meeting power demand

This constraint expresses thafilment of the annual power demand of the system, including a reserve
margin, by existing and future plants.
e 4 e
= I bl ony 70

L
= =

There is an equation for each one of the years.
c.2 Meeting energy demand

This constraint establishes tHelfilment of the energy demand in each year, month, block and
hydrological series.

S B




There is an equation for each one of the years, months, blocks and hydrological series.
c.3 Hydroelectric generation

The addition of the hydroelectric dispatched power for each one of the blocks multiplied by its duration
corresponds to the plant generation obtained from the previously mentioned dispatch of the plant.

ol

= -

v’ 7 Gy T Thiv

There is an equation for each year, month and hydrological series.
c4. Candidatebs continuity.

This equation establishes that the number of existing modules in each plant musdberagaing along
the planning period. Let's consiNder two consecutivéogsy this is the first period (monifyearQis
related to the following perio@, '@ by:

P and

-

 flmh
There is a number afonstraints equal to de number of periods in the planning horizon minus one for
each one of the candidate plants.

c.5 Turbines and combined cycles

The model allows the consideration of expansion based on gas turbines that can be converted to combined
cycles once the cycle is closed. Two gas turbines are required to close the cycle and be converted to a
combined cycle. Therefore, the number of gas turbines in the expansion must be at least twice the number
of combined cycles. This is expressed as:

o z
°1 « ® A
Where:
| « denotes gas turbines  and 34 denotes  combined  cycles.  Thus,

Z egLu gas turbines will be operating as part of the combined cycles and
®j] « Z eg.asconventional gas turbines.

The solution to the above ra&d integer programing problem dundthe minimum cost expansion of the
system for each casmalyzed For the cases without hydroelectricity is a simpler problem since in this
case it is not necessary to consider neither the uncertainty assodittdnydrology nor variablesor
constraints associated with such plant.
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This section explains the data used in the optimization andtysithe Base Scenaridime horizon
covers from year 2@Luntil year 2035. Currency 19S$in real terms using December 20ds base.

Table 59 shows electricity demand forecasts (energy and power) for DBIS used in thezaptami
programfor the Base Scenarid@.he support of tesefigures can be found in thelectricity cemand
forecast chapter of this report and its relaependices.

Table 59. DBIS electricity demand forecast

Base
YEAR | Energy Power
GWh MW
2015 707.4 110.3
2016 752.1 116.1
2017 762.2 115.3
2018 775.5 117.3
2019 799.6 121.0
2020 829.4 125.5
2021 852.0 128.9
2022 876.0 132.5
2023 | 1,015.1 153.6
2024 | 1,280.6 193.8
2025 | 1,476.8 223.7
2026 | 1,690.1 256.0
2027 | 1,919.3 290.8
2028 | 2,0929 317.2
2029 | 2,104.5 319.1
2030 | 2,116.0 321.0
2031 | 2,127.6 322.9
2032 | 2,139.1 324.8
2033 | 2,150.7 326.7
2034 | 2,162.1 328.6
2035 | 2,173.4 330.4

Source:Consultant

Annual energyforecasts were disaggregated by month and by Btdck such a way that main
characteristics of the load duration curve are presefied.(5) blocks were used in order to represent

3By block it is meant a discretization of the load duration curve. Each block has a given number of hours in the
period, and each one corresponds to decreasing levels of load. For example, block one has a @usétiofhtbe
time an corresponds to the peak hours of the period. BlockS Bawe a duration of£225% of the time.
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the demand characteristics of the Guyana Power Sy$ade60 shows the duration of the blocks used
in the optimization model.

Table 60. Duration of energy blocks

Block Percent of time
1 3.5%
2 24.1%
3 24.1%
4 24.1%
5 24.1%

Source:Consultanestimate using GRi data

Section 6.2 on this report discussed the hydrologic aspects related to river discharges of the five
hydroelectrigorojects studied.

Table42 presents the plant characteristics used in the optimization analysis for each of the five hydro

projects.Table43 summarizes theenergygeneration probability distributions associatecgéch hydro
project(this table summarizes by quarters the monthly energy generations used by the model

Fuel cost estimates were eapled and developed in Sectidrof this report.Base case of fuel price
forecasts used in the studypisesented iTable61.
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Table 61. Fuel prices forecas{Base Case)

Year HFO LFO NATURAL GAS
US$/MBTU US$/MBTU US$/MBTU
2018 7.8 13.2 NA
2019 7.8 13.2 NA
2020 8.3 13.8 NA
2021 10.6 16.7 NA
2022 11.7 18.1 NA
2023 12.2 18.7 4.7
2024 12.6 19.2 4.7
2025 12.7 19.4 4.7
2026 131 19.9 4.7
2027 13.2 20.1 4.7
2028 13.5 20.4 4.7
2029 13.7 20.7 4.7
2030 14.0 21.0 4.7
2031 14.2 21.2 4.7
2032 14.4 21.5 4.7
2033 14.6 21.7 4.7
2034 14.8 22.0 4.7
2035 14.9 22.2 4.7

Note:Natural gas assumed with 70% take or pay supply conditionslAnthplies noavailability offuel in such year in
Guyana. SourceConsultant

Table 62 presents technical and cost characteristics of existing plants. At the moment, these plants are
fired on liquid fuelsand the study considers that they wachain using HFO or LFO as a backup plants
of new RE or Natural Gas power plants.

Table 62. Technical characteristics of existingpower plants

Effecive . OfMFied O&Mvarshle  Heat coe Peaking

Nama Capacity U"‘;}ﬁﬂ"” Fuel EY?““f Cost Caost Fate Emissions  Capacity

(BT GEWyear) MWhy  (BTUIARL)  (Tow/CWh  Facior(%)

Denerar Power HRO 114 2200 6.5 HFO 47.10 28 10.14 7m0 1002
Denerars Pover HFOD I-1-4 2200 8.1% HFO 47.10 2.8 .57 700 100
Denerars Powey HRO I3 3630 411 HFO 47.10 2.8 978 70 1007
(Vreed enHoop HFO IV-1-3 26.20 £.1% HFO 47.10 2.8 838 70 1007
G arden of Eden 200 3.7 LR 220 47.10 29 10,12 70 1002
et 37 3.7 LR 220 47.10 250 1022 70 1002
Carefield HFO M3 420 2785 HFO 2020 47.10 20 1055 700 100
Canefield LFO Mehile 3.50 7.5% LR 210 47.10 89 10.54 70 1007
S keldom DG 1-3 100 33004 HFO 47.10 2.8 10,18 70 1007
5 leldon TG 1-2 (2x15 MW) 0.00 100.%  BAGGASSE 47.10 2.8 10.18 700 0%

1/ Expected average unavaildilty & inftened mthe 20186 Exparsion Stody. Skeldon TG 1-2Baggasse is corsidered bemg refirbished ard recomis sioned by 2021
Source:Consultant
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Table63 summarizes the basic characteristics and reference costs of all candidate plants to the expansion:
hydroelectric power plants (Kamaria, Tiger Hill, Kumarau, Tumatumari and Amailafudasees &
combined cycles (natural gas/LFO), reciprocating internal combustion engines (naturddQam/

LFO), biomass (bagasse, rice husk and wood chips), wind and solar

Table 63. Technical and cost characteristics of candidatglants for expansion

Thermal & Non-conventional Renewable Energy power plants

0&M PEAKING
CAPACITY USEFUL | eat raTe |O%M FXED |\ pRinpLe |NVESTMENT | oaNsM. | ouTace £02 CAPACITY
UNITS & PLANTS W) FUEL LIFE (BTUKWH) COST e COST COST (%) | RATE (%) EMISSIONS | *0 00
(YEARS) (USS$/KWIY) (USSIMWH) (US$/KW) (TON/GWH) )
GasTurbine20 20 LFO 20 10.20 18 35 1,100 0% 10% 800 100%
Gas 10.20 16 3.0 688
GasTurbine33 33 LFO 20 10.10 17 35 1,000 0% 10% 800 100%
Gas 10.10 15 3.0 688
GasTurbine50 50 LFO 20 10.00 16 35 900 0% 10% 800 100%
Gas 10.00 14 3.0 688
CombCycle100 100 LFO 25 8.16 27 4.0 2,000 0% 10% 568 100%
Gas 8.16 25 35 421
CombCycle150 150 LFO 25 8.00 25 4.0 1,950 0% 10% 568 100%
Gas 8.00 23 3.5 421
Engine GAS-17MW 17.0 HFO 20 9.00 45 9.8 1,413 0% 10% 700 100%
Gas 8.50 7.3 6.2 451
Engine HFO-11MW 11.4 HFO 20 9.72 45 9.8 1,755 0% 10% 700 100%
Gas 8.50 12 8.8 451
Engine LFO-11MW 11.4 LFO 20 9.72 15 8.9 1,495 0% 10% 700 100%
Gas 8.50 12 7.9 451
Demerara Exp-GoE 17.4 HFO 20 9.72 45 10 0 0% 10% 700 100%
Gas 8.50 12 9 451
Bagasse-Albion 9.8 Bagasse¢ 20 10.80 20 0 2,200 30% 15% 0 0%
Bagasse-Uitvlugt 5.7 Bagasse 20 10.80 20 0 2,200 30% 15% 0 0%
Wind 6x20 20 475 0 1,657 10% 10% 0 0%
Solar PV 4x12 30 24 0 1,370 10% 10% 0 0%
Solar PV storage 2x12 30 24 0 3,500 10% 10% 0 100%
Rice Husk 4.34 Rice Hug 25 10.80 45 0 3,500 30% 15% 0 100%
Wood Residues 0.66 Wood 25 10.80 25 0 2,600 30% 15% 0 100%
Hydroelectric power plants
CONSTR Y| ESTMEN TRANSMISSION capacity | FIRM AVERAGE | crcror [ MINIMUM |y axiMum [RESERVOIR (mm3)
PROJECT PERIOD. COREY || o N ELUEES) W) CAPACITY | GENERATION (MWIm3/s) ECOL. (m3/s)
(YEARS) US$/IKW (%) 2/ | (GWH/YEAR) (m3/s) MIN MAX
Kamaria 3 3960 To Linden, 102 km, 230 kV/2 180 55% 1081 0.150 NA 1200 246.7  246.7
Tiger Hill 3 5217 To Linden, 51km, 69kV/2c 12 55% 66 0.084 NA 143
Kumarau National 4 3380 To Linden, 286km, 138 kV/2c| 100 26% 515 2.100 4.5 48
Kumarau Regional 3 3352 Without connection to DBIS 50 321 2.100 4.5 r 24
Tumatumari 3 3010 To SECC1, 39km, 230 kV/2c 152 42% 751 0.260 NA 585 699 699
Amaila 3 3945 To SECC1, 100km, 230 kV/2 165 63% 1094 3.020 1.0 55 34.3 135.6

1/ Includes transmission connection and accesss road not includes interest during construction
2/ Estimated with P95 monthly generations and 0.25 plant factor

SourceConsultant

The optimization model works with laarmonizedcarbon price over the lifetime of all technologies.
According to the practice applied by the International Energy Agency, Uh3@ietric)was taken to
be the shadow price of carbon emissions, not being a cost that would be borne by ifivestors

74 Projected Costs @denerating Electricity, IEA, 2015 (p. 33)
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The optimization of DBIS generation expansion was made using a discount r@8 af teal terms

rate usually considered by t@®nsultanin similar studiesLow (8%) and high (2%) sensitivities were
done.

The optimization model uses the economic cost of-served energy which wgaselected at a level of
US$3,000/MWh
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This section discusses the evaluation of DBIS optimal generation expansion during short (up to 2022),
mid (20232025) and long term (2028035) considering the following new generation options:

a) Power plants using alternative fossil fuels (liquid fuels and najasgal
b) Power plants using nazonventional renewable energy sources (wind, solar and biomass)
c) Five representative hydroelectric power plants of-site capacit{?

To support the search of the optimal DBIS generation expansion program, three complementary partial
optimizations were conducted ihe 18year planning horizor20182035 Present valuesf total
comparative costs of DBIS generativtansmission expansion and operation dutimg periodwere
estimated (present value in 2017 of investrffefiel, operation, maintenance, CO2 emissions ane non
served demand costs) under each of these tiptemipations in order to obtain conclusions about DBIS
optimal expansion strategy.

i) Optimization | (BAU: Identification of a base line expansidh¥onsists in the identification
of the optimal Business dssual generation expansion during short, amd long terms using
reciprocating enginesueledwith HFO and LFQ or gas turbines and combined cycles fueled
with LFO.

i) Optimization Il (Selection of the optimal technology for a gas fired generation exparision):
consists in the identification dfi¢ optimal technology faanew gas fired generation expansion
using around 3@nmcfd of indigenous natural gas located in its landing site. This optimization
considers the BAU and renewable energy generation optimal expansion duringeshort
different echnological options for the gas fired generation duringterich and the expected
hydroelectric & renewable energy expansion during fmg.

iif) Optimizationlll (Selection of optimalong termgeneration expansion)fhis optimization
considers BAU ath optimal gas fired and renewable energy generation expansion during mid
term and options of renewable energy expansions, inclufivey potential high capacity
hydroelectric poweplants,during longterm.

The results of these three optimizations arequresl in the next sections for the Reference Scenario,
which corresponds to Base demand, Reference fuel prices and a 10% discount rate.

S Kumarau(50 MW or 100 MW) Kamaria(180 MW), Tumatumari(152 MW), Tiger Hill (12 MW) or Amaila

(165 MW).

6 As presented in Section1.2(section b1), foplanning purposes the relevant investment costs assotoatieel

construction of each new potential power plant (and transmission line) were evaluated deducting from their total
investment cost their residual value during their remaining useful life after the planning horizon (i.e. 2036 until the

end year of theiuseful life). In other words, the investment cost used for the optimization of the generation
expansionwasthBequi val ent annual incwhishtthe projectsre @esideredvailalilelfee y ear s
operation within the planning period (Z2035). This explains why the present values of the investment costs of

the power plantg¢and transmission lines) includédthe tablegpresentedn this section are lower than their total
investment costs.
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8.1 Optimization I: BAU Case

The optimal'Business ablsual" generation expansi@asecould be considered as a referential base line
Casein which DBIS generation capacity continues being expandedpeitler plantsusing only liquid

fossil fuel€”.

Figure52 illustrates the optimal BAU expansion strategy obtained with the Optimization Model under
theBase Scenario (Base case of demand growth, Reference case of fuel prices and 10% discount rate)
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Figure 52. BAU Generation Capacity Expansion
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In this Case the optimal generation expansion would be a progressive installation of HFO and LFO
reciprocating engines and gas turbines, as follajv47.4=2x8.7 MW in gensets using HFO during 2018

19 (project beingleveloped by GPL),)60=3x20 MW in gas turbines using LFO during 262026, and

¢) 187=11x17 MW in gensets using HFO during 262328

Figure53illustrates future generation dispatch in DBIS under @d@se implying an enagy mix using
almost 100% liquiduels during 201&035.

Figure 53. BAU Case Energy dispatch & generation mix
ENERGY DISPATCH BY SOURCE (GWH/month)
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" In addition to the installation of the followirmpwer plants: a) 2 x 8.7 MW HFO units in Garden of Eden, already
D&E Program, ankbMW)in SRetdbnua bi s hmen
be comissioned in 2022, including the installation of a second 16.7 MVA transfori@keldon substation.

included

in

t he

GPLOs
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The following graph illustrates the evolution of future annual generation costs ircBgd)

Figure 54. BAU Case Annual costs
ANNUAL COSTS (US$M)
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Annual generation expansion costs increases from &3 in 2018 to US$357 M in 2035. Total
generation expansion cost (Present Value in 2017 at 10%) o€#sieis US$ 1525 million (79%
consisting in fuel cosfawithout considering costs O2emissions

Figure55illustrates the peak demand and total installed capacity evolution undesghizs well as the
evolution of average generation costs thataases from US$3BVWh in 2018 to US$ 64/MWh in
2035, without considering any CO2 emissions costs.

Figure 55. BAU Case Peak demand, installed capacity and cost evolution

Demand, Capacity & Average Cost

750 200
650 —
450 =" §
; 4
2350 ____* 1002
250 A
150 e—— 50
50
0 a2 ALILREREIS LSy O
o O O o O o
N AN AN AN AN AN AN AN AN AN AN AN AN NN N NN

DEMAND+RESERVE (M#8=— EXISTING CAPACITY (MW)
TOTAL CAPACITY (MW= = = AVERAGE COST ($/MWh)

Source: Consultant

148



As presented in the fuel section, Guyana willdhéhe availability of around 3Gmcfd of indigenous
natural gas that would supply fuel felectricity generation in a new power plant of arourfd MW to

be canmissioned after 2022. For the installation of this plant we have considered several technological
options consisting in Combined Cycl@xC), Gas Turbine§GT) and Reciprocatingnternal Combustion
Engines(RICE) using natural gasTable 64 sunmmarizes main characteristics and unitary costs of the
different technologies and unit sizes evaluated to select the optimal option fatthis gas firegpower

plant, under the assumption that it would be instatiegr\Woodlands, the most promising landing site

of the offshore produced gas known at the time of this study.

Table 64. Main parameters of alternative technologies of power plantssing gas

CONCEPT CC 150MW CC 100MW TG 50MW TG 33MW TG 20MW RICE 17MW
INVESTMENT COST ($/KW) 1,950 2,000 900 1,000 1,100 1,413
O&M VARIABLE COST ($/MWH) 3.5 35 3.0 3.0 3.0 6.2
O&M FIXED COST ($/KWIY) 23.0 25.0 14.0 15.0 16.0 7.3
HEAT RATE (BTU/KWH) 8,000 8,160 10,000 10,100 10,200 8,500
CO2 WITH NG (TON/GWH) 421] 421 688 688 688 451

SourceProcessed data obtained mainly from ETESA, CEAC and EIA

The optimization model was applied to select individually (and by steps) for each technology the optimal
capacityitinerary of the new power plant to be installed after 282Zhis optimization included the
consideration of all candidates of renewal energy power plants during all planning period and the five
high capacity hydroelectric candidates for DBIS generation expansion in the long term.

Figure56 summarizes total generation expansion costs obtained und&ateScenario disaggregated
by main components (present values of investment, fuel, O&MC&®l emissionsoss) that could be
associated to the different optional technologies for this power plant.

"8 The optimization procesoasiders that the HFO/LFO power generation of the existing power plants in Garden
of Eden, Kingston and VreedenHoop would be substituted by NG generation in the new power plant and that the
existing powe plants would remin operating providing backup to DBIS based on HFO/LFO generation.
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Figure 57 summarizes total present value of comparative costs by technology obtained from the
optimizations performed with the model for tBaseand Sensitivity scenarigen demand growth, fuel
prices and discount rateshhey indicate that the minimum cost technology for the installation of this new
power plant would be Reciprocating Internal Combustion Engines with 17 MW units.

Figure 57. Total costs by technology
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Figure58illustrates the magnitude of total comparative cost differences opti@altechnologies with
the most economical in terms of percentagéefihvestment cost estimated for a new RICE power plant
(aroundUus$240million for a 10 x 17 MW power plardperated wittdual fuel: Natural @sor Liquid

Fuel).
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Figure 58. Total cost increase by technology
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8.3 Optimization Il ( long term generation expansion optimization

This optimization was focused &valuateDBIS generation expansion during the long term horizon (up
to 2035)with and without Natural Gas usagehe case with Natural Gas assumes the certifigairal

Gas availability of 8 mmcfd (NG 30 Cas@, for which asensitivity case with 50 mmcfd (NG05
SensitivityCas@ is alsoevaluatedThecase withoulNatural Gas availabilityas built to accomplish the
objective to supply DBIS electricity demamdth near 100% Renewable Energy generation after 2025
(GREENCas8.

For purposes of the study of the expansion plaohin order to consider the financial requirements of the
offshore transportation activitit has been considered a take or pay contoa¢h& natural gas supply to

the new power plant with payment obligation of 70% of the total contracted, similar to the practice that
some countries have used to initiate the development of the natural gas market.

The objective of thisevaluationwas to cafirm the economicattractivenesf the optimal DBIS
generation expansion based on Natural Gas and to identify the altersetiord besgeneration
expansions meeting the GSDS goal of almast full power generation with renewable energy after 2025,
without natural gas availability. The results of these optimizatpersittedalso to obtain conclusions
about: i) the power generation cost for DBIS under each scenario and how it would be reflected in the
average tariff for the final users, ii) the finandedsibility of the new gas fired power plant.

8.3.1 Optimal expansion with 30mmcfd (NG 30 Case)

Figure59illustrates the optimal NG30 expansion strategy obtained witltinization Model under
the Base Scenario (Reference fuel prices, Base demand growth and 10% discount rate).
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Figure 59. NG 30 Case: Generation Capacity Expansion
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In this Case, the optimal generation expansionld also start in 2019 with the commissioning of 8.7
MW in HFO/NG reciprocating engines (located in Garden of Eden but to be translated to the new Natural
Gas power plant site in 2023), 6 MW solar and 10 MW wind. Then it wouldllbeved by a progresge
installation of 170 MW NG (dual fuel) reciprocating engines with 10x17 MW units, with the first one in
2021 (initially operated with liquid fuel). The generation expansion would also intkBI&W hydro

in 2027 (Amaila)if the Natural Gas availability would be limited to 30 mmcfd but this project could be
delayed if this availability is increased, being required the installation of additional capacity operated with
natural gagas presented for the sensitivity case)

Figure60illustrates future generation dispatch in DBIS under this scenario, implying an energy mix using
88% of natural gas amtb of RET during 2025 which would cha@do57-53% of natural gas andi3-

45% RET+Hydro after 2027

o
&«

Figure 60. NG 30 Case: Energy dispatch & generation mix
ENERGY DISPATCH BY SOURCE (GWH/month) ENERGY MIX (%)
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Figure 61 illustrates the annual costs forecasts for this case. The Present Value at 10% of total costs
representJS$ 1,00 million, significantly lower than the BAU Cadmut higher than the correspand
to the NG 50 Case
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Figure 61. NG 30 Case: Annual costs
ANNUAL COSTS (US$M)
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Figure62illustrates the peak demand and total installed capacity evolution under this scenario, as well
as the evolution of average generation costs thagases frond S$85/MWh to US$121/MWh in 2022
and then decreases to arolws$86/MWh after2027, without considering CO2 emissions costs.

Figure 62. NG 30 Case: Peak demand, installed capacity and cost evolution
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A preliminary indicative financial analysis of the commercial operations of the new Natural Gas Power
Plant, considering a gas price @6$4.7/MBTU for the gasuppliedwith a 70% take or pay contract,
suggesthat it could be developed with an averaghirgg price of US$ 89/MWh during 20232035
providing a financial Return of 10% to the developers (in real terms and before fgxpeshdix N
includes the detailsf this estimation.
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In this casewith hydroelectrigpower plants included in DBIS generation expansion, the future profile of
the contracted and the expected gas usage for power generation indicates that the 70% take or pay
commitment of the gas supplyrdoact would be satisfied, as itpsesentedn Figure63.

Figure 63. NG 50 Case: Natural gas supply for power generation
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8.3.2 Optimal expansion with 50 mmcfd (NG 50 Case)

Figure64 illustrates the optimal NG50 expansion strategy obtained with the Optimization Model under
the Base Scenario (Reference fuel prices, Base demand growth and 10% discount rate).

Figure 64. NG 50 Case: Generation Capacity Expansion
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In this Case, the optimal generation expansion would start in 2019 with the commissioning of 8.7 MW in
HFO/NG reciprocating engines (located in Garden of Eden but to be translated to the new Natural Gas
power plant site in 2023), 6 M\blar and 10 MW wind, followed by 18 MW in solar plants in 2020. In
2021 it would include 30 MW in wind plants, the recuperation of Skeldon biomass power plant (13.8
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MW) and the installation of\lbion biomass power plant (with 9.8 MW). In this year it \ebbe also
required the commissioning of 34 MW in dual fuel reciprocating engines (2x17 MW) located in the new
landing site of the Natural Gas but operated initially with liquid fuels until 2023. After this year this plant
would be operated with Naturalgand its capacity would be progressively increased with 17 MW units
up to 272 MW in 2032 (according demand increalsedhis case it would be required the confirmation

of 20 mmcfd of additional Natural Gas availability (50 mmcfd total).

Figure65illustrates future generation dispatch in DBIS under this scenario, implying an energy mix using
82-88% of natural gas and 44% of RET during 2022035.

Figure 65. NG 50 Case: Energy dispatch & generation mix
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Figure 66 illustrates the annual costs forecasts for this case. The Present Value at 10% of total costs
represent US$ 938 million, significantly lower than the BAU Case.

Figure 66. NG 50 Case: Annual costs
ANNUAL COSTS (US$M)

180
160
140
120
100

60
40
20

2018

2019

2020

2021 1
2022 1
2023 1
2024 B
2025 1
2026 N
2027
2028
2029
2030 N
2031 N
2032
2033 N
2034 1
2035 1

B TRANSMISSION= GENERATIONE O&M mFUEL OIL m NATURAL GAS
Source: Consultant

Figure67 illustrates the peak demand and total installed capacity evolution under this scenario, as well
as the evolution of average generation costs that increases from USFIBENUSS$ 116/MWh in 2022
and then decreases to around US$ 76/MWh after 2026, without considering CO2 emissions costs.
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Figure 67. NG 50 Case: Peak demand, installed capacity and cost evolution
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A preliminary indicative financial analysis of the commercial operations of the new Natural Gas Power
Plant, considering a gas price of US$ 4.7/MBTU for the gas supplied with a 70% take or pay contract,
suggests that it could be developed with an averatjacs price of US$ 72/MWh during 2023035
providing a financial Return of 10% to the developers (in real terms and before fgpeshdix N
includes the detaslof this estimation.

In this case, without hydroelectric power plants included in DBIS generation expansion, the future profile
of the contracted and the expected gas usage for power generation indicates that the 70% take or pay
commitment of the gas sulgpcontract would be more than satisfied, as it is presentEidjime 68

Figure 68. NG 50 CaseNatural gas supply for power generation
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Source: Consultant

156



8.3.3 Optimal expansion without gas and Green goals in 20d&REEN Case)

Figure69illustrates the optimal GREEN expansion strategy obtained with ttisi@ation Model under
the Base Scenario.

Figure 69. GREEN Case: Generation Capacity Expansion
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In this case, during 2013019 DBIS generation expansion would include 17.6 MW in HFO gensets, 6
MW in solar and 81W in wind, during 20192020 it would includexdditional36 MW solar, 30 MW in
biomass (including 13.7BIW of the recuperation of the existing Skeldmagassgower plantland 40

MW in wind. Later, during 2022024 it would be commissioned 60=3x20 MW irsgarbines, 12 MW

in hydro (Tiger Hill) and 4 MW in biomass. In 2025 it will commissioned 165 MW hydro (Amaila) and
40 MW in wind and in 2021 would be included 152 MW in hydro (Tumatumari).

Figure70illustrates future generation dispatch in DBIS under this scenario, implying an energy mix using
92-97% of Renewable Energy sources for power generditinimg 20252035.This would imply that the

60 MW installed in gas turbines fueled with L@uld be used to provide backup d@athporarypower
generation compensation to the intermittent and seasonal RE generation.

Figure 70. GREEN Case: Energy dispatch & generation mix

Souce: Consultant
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