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Executive Summary

Background and Objectives of the Ghana Gas Master Plan

The use of natural gas in Ghana started with imports of gas from Nigeria through the West
Africa Gas Pipeline (WAGP) for use in the power generation sector. WAGP supplies have
been subject to unreliable supply, major interruptions and consistently below agreed supply
volumes. With significant domestic associated and non-associated gas reserves discovered
recently, the gas supply dynamic in Ghana has changed. Likely near-term production from
the most advanced reserves areconcentrated in three large offshore gas fields:the Jubileefield
with associated gas reserves estimated at 49@Billion cubic feet (Bcf), the TEN fields with
associated gas reserve of 83 Bcfand the Sankofa field with non -associated gas reserves of
1,107 Bcf In addition, the Mahogany and Teak discoveries with total reserves of 120 Bcf will
be developed as part of the Greater Jubilee Full Field.

With the completion of onshore infrastructure, notably a processing plant at Atuabo and

pipeline from Atuabo to Aboadze, domestic gas has reached the market. The primary

objective of the Gas Master Plan (GMP) is to develop a strategy for infrastructure development

priorities that wil cont ri bute to the devel opment of Ghana
security of energy supply. The plan focuses on the medium to long term requirements for
Ghanads gas sector.

Methodology

The Master Plan is based on qualitative analyses of the policy, institutional, regulatory aspects
and developmental aspirations of Ghana, complemented by lessons from international
experience in gas sector development in selected countries. The qualitative analysis is
supported by quantitative methodologies underpinning the recommendations for the
upstream, midstream and downstream gas sectors. A comprehensive Ghana Gas Master Plan
Model (GMPM) has been developed to examine alternate scenarios, covering the following
main aspects:

1 Estimates of the demand for gas in Ghana up to 2040 on the basis of a power
dispatch model and netback prices for the most likely non -power off -takers.

1 Calculations of the national annual gas supply and demand balance in Ghana, as
well as the regional balances

1 The weighted average cost of gasresulting from the supply mix

1 Determination of the location, capacity, costs and timing of new infrastructure:
transmission pipelines and LNG terminals

1 The economicvalue of different gas utilisation scenarios
The GMPM enables different scenarios to be exanined and compared.

The scope of this Master Plan istherefore focused on the economic, policy, regulatory and
institutional issues. Any investment decisions and activities should however, consider

environmental and social impacts on the development of Gh ana. The following subsections
summarise the key inputs and recommendations of the plan.



Lessons from International Benchmarking

An extensive review of gas sector development in nine countries provides key lessons of direct
relevance for G h lang aedns gasndrdteégyl mMhe tcauntries reviewed are
Colombia, Indonesia, Israel, Netherlands, Nigeria, Tanzania, Thailand, Trinidad and Tobago
and Turkey. The lessons serve as guiding principles followed in the recommendations of the
GMP and include:

1

The power generation sector has been the primary off -taker at initial stages of gas market
development in all countries.

The regulatory framework to ensure cost reflective pricing and thus financial viability of
entities along the gas to power value chain is paramount.

Gas transmission networks have been developed by integrated state-owned gas
companies with government and donor financing, on the basis of large loads from power
generation or large industrial users.

Industrial usage has appeared most successfulwhere it has grown in an incremental
fashion, rather than selecting 6championd industrie

Export of gas has been important in many countries but is not relevant to Ghana at
present, due to the size of reserves and ptential domestic market

Gas Utilisation Options
Non-power, i.e. mainly industrial uses and demand for gas were assessed based on
comparator countries and a detailed netback analysis of the value of gas in various sectors for

Ghana.

The netback values of arange of possible gas utilisation options are summarised in

the diagram below. The netback values together with gas prices provide a measure of
economic feasibility of gas use across sectors. For sectors where netback values exceed gas

prices,

gas use iseconomically feasible. This is indicated by 3 zones in the figure below: gas

uses where the netback value is higher than the green band are clearly economic; the economic
attractiveness of uses within the green band range of US$912/mmbtu will depend on fu ture
gas prices; uses below the green band are unlikely to be economic uses of gas.

Transportation (gasoline)

Power generation | ——

Cement

Industrial heat (RFQ)" NN
Methano! [N
Transportation (diesel) [N
Urea
Aluminum®™ NG [
Rl e E——— Gas pricerange:
Alumina* I 9-12 US$/mmbtu
0 2 4 6 8 10 12 14 16 18

Metback value of gas [US$/mmbtu]

The recommended strategy for gas utilisation is given below.



i Power generation representsone of the mosteconomically attractive, low -risk and urgent
demand sectorsfor natural gas supplies.

i Cement/Clinker production represents an economic sector for the use of gas, subject to
availability of suitable limestone deposits.

i Another priority may be gas for heat demand to low -risk domestic -market focused
industrial cluste rs, especially in co-generation use, switching from expensive alternatives
such as fuel oil.

q Dedicated CNG vehicle fleets such as urban buses and taxis offer an attractive potential
saving on fuel costs in addition to the environmental benefit.

i Strategic capital -intensive industries such as urea, methanol and aluminium are a high
risk option due to their high capital investment requirements, requirement for low gas
prices, and strong level of competition in globalised markets with volatile prices.

i Exports are not a viable option for Ghana at the present, as the reserves are not enough to
cover both domestic needs and economically viable levels for LNG exports.

The recommendation to focus on power generation for gas usage is in line with the current
gas utilisation strategy of the Government of Ghana (GoG) as per the National Gas Pricing
Policy. Additionally, GoG could focus on the transport sector where gas usage is also feasible,
although the development of this market for gas is harder to achieve.

Supply Profiles and Cost of Gas

Three supply profiles on the basis of domestic gas reservesand resources WAGP import
volumes and potential LNG imports have beenconstructed. Domestic reserves are based on
the supply of associated gas from the Jubilee gas field TEN group which includes two oil
fields (Enyenra and Ntomme) and one gas condensate field (Tweneboa). A norrassociated gas
discovery, the Sankofa field, discovered by ENI and associated gas discoveries, the Mahogany
and Teak by Kosmos are also expected@ come into production in 2017. There are also likely
to be further prospective gas reservesand resources(both non-associated gas and associated)
from undrilled structures.

Three supply profiles are projected on the basis of the best available informatio n on currently
identified reserves, resources and estimates of future discoveries. The tables below
summarises the production volumes of each field.

Field Low supply Base supply High supply
Jubilee* 349 533 639
TEN 287 287 427
Sankofa 1,366 1,366 1,645
MTA* 24 129 173
Hess 177 177
Shallow Tano 193
Other Non -associated gas 1,000
Other Associated gas 1,000
Total 2,026 2,492 4,254



Field Production year Daily sales peak Indicative cost

earliest mmscfd US$/mmbtu
Jubilee 2015 60-120 2.98564.20
TEN 2017 30-50 2.9834.20
Sankofa* 2018 150180 8.90
MTA 2019 50-120 4.20
Hess 2021 50 2.98-4.20
Shallow Tano 2025 50 2.98-4.20
Other Non-associated gas 2020 140 4.20
Other Associated gas 2019 140 2.98

Note:unproven sources are only assumed in the high case

For WAGP, the plan assumes a volume of 50 mmscfd in the low supply forecast over the

period 2015-2050; 50 mmscfd rising to 100 mmscfd in 2017 for the base case and 50 mmscfd
rising to 170 mmscfd in 2017 inthe high case. The cost of WAGP gas is set at a price of US$8.6

/mmbtu. LNG import capacity is assumed at 300 mmscfd at an initial price of US$10.5
/mmbtu.

The graph below shows the supply profile and the resulting weighted average cost of gas
(WACOG) for the basecase The plan has also examined the high and low caseslIt may be
notedt hat the presented supply volume in the
capped by demand levels and is used in conjunction with demand projections in the GMPM
to estimate a demand-supply balance in this document.

The changing weighted average cost of gas (WACOG) associated with the above supply
profile shows an initial price marginally above US$6/mmbtu. The cost rises steadily towards
just above US$12/mmbtu by 2040when the new supplies come on stream and LNG takes up
a larger proportion of supplies. In the high supply case the WACOG may lie in the lower
range of US$#10.5/mmbtu. These gas costs could also reduce a little if oil prices continue
their end 2014 low trend.

di
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Gas Demand

Gas demand in Ghana will come from three main sectors: power generation, industrial

demand and gas use in transport. The power sector constitutes the largest share of demand

exceeding 80% of total demand over the period 2015 to 2040 Gas to power demand is
estimated through a power dispatch model taking
power generation plans.

Besides the power sector, a growing number of industries would use gas for industrial
process heat, plus apilot exploration of the use of gas in the transport sector, as a replacement
for petrol, diesel and LPG.

For the purpose of infrastructure planning, the analysis also breaks down gas demand into 12
main demand clusters. The diagram and table below illustr ate the geographical and sectoral
distribution of demand in the base case scenario. Due to the importance of the power sector,
gas demand in Ghana is likely to be concentrated in two areas: Tema/Accra and
Takoradi /Axim .
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Supply -Demand Balance
The base case supplydemand balance is shown in the diagram below. The potential supply
profile in the diagram is adjusted and capped by the estimated demand volumes.

The domestic resources which will be available from 2017 and onwards are adequate to cover
the total demand for gas until 2021 in all simulated cases. In 2021 the LNG terminal in Tema
is expected to increase the available capacity in the system.

This assumption is reviewed in our infrastructure plan and discusses the details of a suitable
LNG strategy compared to the pre-feasibility study completed by The Millennium Challenge
Corporation.

The reserve to production ratio is 72 years in 2015, 20 years in 280 and 14 years in 2030. The
reserves to production ratio decreases exponentially across the years as production rises and
reserves fall.



The Natural Gas Policy will address the desired reserves to production ratios for Ghana and
mechanisms for increasingr eserves and recovery of natur al g
economic life.
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The recommended infrastructure development plan is derived from an analysis of balancing

demand and supply of gas across regions, ensuring security of gas supply, minimising the
impact on gas transmission tariffs, and maximising the impact on direct eco nomic value. The
key recommended points of the gas infrastructure plan can be summarised as:

T

To cover the short term demand in Tema (2015 -2018) reverse flow capabilities
on WAGP should be developed . The capacity of the pipeline for the reverse flow
with th e addition of a compressor station could support 100 mmscfd and the
assumed capital costs for the compressor station are US$20 million.

GoG should develop the onshore gas pipeline connecting Takoradi with Tema

to ensure security of supply, introduce compe tition on the transportation of gas
and develop the gas market along the coastal line for potential customers. The
diameter of the pipeline would need to be 20 inch at an investment cost of US$250
million.

To cover immediate short term and long term deman d GoG should develop an
LNG Terminal in Tema . A floating regasification unit instead of an onshore
terminal would ensure flexibility of use. The terminal and associated
infrastructure should be sized on the basis of medium term unmet demand,
approximately 270 mmscfd. This would require investment costs of between
US$40 million (if no fixed berthing) and US$300 million (with fixed berthing).

The model does not indicate the need to develop a gas pipeline to Kumasi and
further north for now . Instead GoG should develop or strengthen the power
transmission lines to cover energy demand in those regions.



The map below illustrates the proposed infrastructure plan. Total investment costs could range from
420 US$ million to 570 US$ million depending on the assumed le vel of demand and supply *.
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The breakdown of total investment costs across three supply/demand scenarios is shown in
the diagram below. All recommended infrastructure is needed immediately o apart from the
LNG terminal in the high supply and high demand case. This highlights the urge ncy for gas
infrastructure investments in Ghana that would ensure balanced gas demand and supply in

the country.
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The transmission tariff resulting from the proposed infrastructure plan is estimated to
range between 0.50 US$/mmbtu to 0.76 US$/mmbtu. Adding this to the weighted average

1 Note assumption includes a fixed berth LNG assumption, i.e. a high cost LNG regasification option. We have
6conservatived assumption for

opted to focus

possible investments.
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cost of gas, the cost of delivered gas would range between US$5.0 /mmbtu and US$8.6
/mmbtu until 2020; US$6.0 /mmbtu and US$10.7 /mmbtu between 2020 and 2030.

The total economic value in present value terms of the propos ed gas infrastructure plan
ranges between US$16 and 33 billion . The true economic value of the gasification strategy
will be determined by the volumes of domestic supply and consumption. The economic value
lost from unmet demand as a result of the recommended infrastructure is relatively small; an
LNG import terminal with greater capacity could be developed, though this additional
capacity might have a low return.

Institutional Framework

Proposals for the development of the gas sector are covered by a numbe of policy documents

(notably the 2010 Energy Sector Strategy and Development Plan) and various legislative
instruments (such as the enabling laws for the regulators and the five legislative instruments

pertaining to gas issued by the Energy Commission). The framework is not as complete as it
should be, and in due course consideration should be given to reviewing the Gas Policy in

the light of experience and developing a corresponding Gas Sector Act to make the policy

effective.

The institutional structure (prior to recent changes of GNPC being a gas aggregator of and
GNGC becoming a subsidiary of GNPC) is summarised in the diagram below. Upstream
licensing regulation is the responsibility of the Petroleum Commission, midstream and
downstream licensing and technical regulation is the responsibility of the Energy Commission
and economic regulation is undertaken by the multi -sector utilities regulator, PURC.

Exploration, production and gas aggregation are the responsibility of GNPC while GNGC
owns the pipelin e, owns and operates the gas processing plant and has the responsibility of
developing the downstream distribution system, initially for industrial gas customers. BOST
has been licensed by the Energy Commission as the sole national transporter of natural @s in
Ghana. Other players are the international oil companies in the upstream sector, the West
African Gas Pipeline Company and the power generation companies (VRA and IPPs) as the
ultimate drivers of demand for gas -to-power.

Exploration & Central Processing & Electricity
e Downstream
Development Gas buyer regasification market

GNPC GNPC GNGC BOST Gasofftakers G2P offtakers:
- industries - VRA
State owned equity | Buyer of gas at the; Owner and operator pesignated Gas - distribution - IPP
shareholder in wellhead of gas processing | Transmission utility companies
upstream plant (other PPs mayc responsible for (could include
operations in future be owned ! gperation of Ghana Gas)

by private transmission - LPG distributors
companies such as; pipelines
ENI)

10C WAGPco

Majority equity Operating WAGP
owner in upstream
operations
Petroleum L
. Energy Commission PURC
Commission

The key roles for implementing the long term infrastructure plan and developing the supply
and distribution of gas to the market, as modelled in the scenarios, is split between three
segmentsof the diagram above (processing and regasification, midstream, downstream), two
principal bodies (GNGC and BOST) and two regulators (EC and PURC). This is a complex
10



structure and one where effective coordination of tasks and roles is needed to avoid time
and cost over-runs. This was the case with the gas processing plant where delays and cost
over-runs have affected the development of the sector.

This structure was compared with other countries which have successfully developed their
gas sectors and markets, such as Turkey and Trinidad and Tobago, where a more centralised
approach to coordination of gas procurement, transmission development and wholesale has
proved very successful. The coordination of investment between the upstream, midstream
and downstream is complex in a newly evolving gas sector, compounded by the difficulties
of having credit-worthy entities to guarantee the gas contracting and infrastructure
investment.

Based on international comparators, gas sector development is facilitated by providing a
simpler structure more suitable to the nascentstate of the gas market inGhana. The decision
to appoint GNPC as the aggregator of gas and making GNGC a fully owned subsidiary of
GNPC will improve coordination in the sector and facilitate infrastructure investment and
financing. The rationale of BOST as the transmission pipeline investor is not clear.
Coordination of up stream, midstream and downstream investments would be easier in an
integrated structure where a combined entity of GNPC and GNGC could coordinate and
finance new investments more effectively.

Itis recommended that the roles of the regulating entities should be unified in the downstream
gas sector and handled by one institution.

Financing Strategy
GoG has challenges in the provision of additional infrastructure over the coming years. The
following issues need to be taken into account in attempting to address this situation:

1 Royalties and tax revenues from the production and sale of gas may help
provide securitization along the gas value chain rather than fully fund specific
investments.

1 Private sector involvement, likely through PPP structure needs to be pursued to
provide sufficient funding for all identified infrastructure to be delivered.

1 A BOOT arrangement is suitable for easily identifiable projects  such as an LNG
FSRUs and pointto-point pipelines while concession arrangements are better
suited for distribution networks.

1 Measures to help broaden participation in infrastructure development and speed
up implementation include greater use of pre -screering of bidders for their
technical and financial capacity and increasing transparency in tendering
processes. Bonds and forms of penalties for not meeting schedules/commitments
should be used where appropriate.

1 Any government support should focus on risk s which are outside the control of
developers and more easily borne by the State.

Pricing Policy

It has been observed that the pricing approach in the Gas Master Plan is inconsistent with the
existing National Gas Pricing Policy (NGPP) so a new pricing po licy statement is required .
It should be based on the following principles:
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1 The financial viability of supply entities is to be assured, through gas price
components being cost reflective and yielding adequate rates of return.

1 Upstream commodity prices are to be negotiated, while the gas price to
consumers should be based on the weighted average cost of gas (WACOG), plus
a supplierds margin.

1 Processing, transmission and distribution tariffs are to be transparently
regulated by an independent regulatory agency.

1 Average rather than marginal costs are to be used for tariff calculations in the short
to medium term .

The pricing regulator should be responsible for defining the detailed methodology to be used
for the gas processing fee, transmission tariff ard distribution charges , specifying procedures
for periodic price reviews, providing an indexation formula to protect the real value of the
prices between major reviews and defining circumstances for exceptional reviews to take
place.

Summary of Recommendat ions for a Coordinated Development of the Gas Sector
Ghana is poised to make effective use of its petroleum and gas resources to raise its
development trajectory to a new level. Some recommendations are made in the report on
short-term issues, but the focus is on key measures to ensure the medium and longterm
development of the gas sector:

1 Policy : Put the Gas Master Plan into the publ
commitment to its core gas allocation prioritisation (power sector and industrial
process hed). Following this, the National Gas Policy should be formulated and
promulgated.

1 Legislation : Use the Gas Policy as the basis for developing a comprehensive Gas
Sector Act which will support the continuous development of gas in the national
interest.

1 Regulation : Provide a stable regulatory and fiscal framework, including
predictable fiscal conditions and gas pricing mechanism, for the upstream,
midstream and downstream components of the gas industry.

1 Institutional structure for infrastructure development : Streamline coordination
of infrastructure development along the gas value chain, to reduce risks and
improve coordination of infrastructure development. . In particular the
responsibility of gas infrastructure p lanning and asset ownership needs to be
clarified for improved coordination . It is recommended that the roles of the
regulating entities should be unified in the downstream gas sector and handled
by one institution.

1 Pricing : Review and promulgate a new national gas pricing policy which i s
consistent with the Gas Master Plan and define the detailed regulatory
framework.

1 Capacity-building : Put resources into capacity-building in each of the
competence areas required for gas sector development.
12



Infrastructure: Enable and support the development of key strategic gas
infrastructure, which includes a coastal east-west pipeline, an LNG terminal in
Tema and reverse flow arrangements with WAGP.

PPPs for gas projects Working through the newly defined national PPP
framework, be open to flexible PPP arrangements to ensure adequate financing of
gas infrastructure investments.

Government financial support : Draw on the Project Development Facilityo
prepare projects to a stage where an efficient competitive bidding process can be
launched; use the Ghara Infrastructure Investment Fundrather than a special
purpose gas securitisation fund, to provide the public financing component of PPP
and JVtransactions; provide government guarantees and/or subsidies sparingly,
if at all, in the gas sector.

Imports : Ensure adequate security of supply to attract IPP investments through
supplementing domestic supplies with flexible import arrangements
(undiminished importance to lower -priced WAGP imports, together with higher -
priced regasified LNG from FSRUSs). In the future, increase in imports should
consider WAGP expansion over LNG.

Off -taker viability : Ensure the financial viability and associated credit-
worthiness of power and gas sector entities.

Industrial gas users: Seek out nonpower users of gas; follow gas-to-power
investments with the development of low pressure distribution networks to
provide gas to industrial customers.

Transport sector: Undertake a pilot project on the import of compressed natural
gas vehicles, as part of public transportation. Subsequently, the Ministries of
Transport and Petroleum should collaborate to develop a policy framework for

infrastructure and retrofitting of vehicles to use CNG.

Increasing reserves: As the domestic gas market develops, IOCs should be
encouraged to maximize the exploitation of existing fields and exploration of new
fields to increase reserves. Reviewfuture supply -demand balances on a regular
basis and re-assess the costs and benefits of introducing a widerspectrum of gas
utilization .

13



1.0 INTROD UCTION
This Gas Master Plan (GMP) has been prepared by the Ministry of Petroleum. It is
culmination of a process of activities that involved consultancy studies and stakeholder
consultations.

The document was originally prepared by Economic Consulting Associates (ECA) of the
United Kingdom who submitted their Draft Final Report in September 2014.Subsequently,
the Ministry of Petroleum had extensive consultations with the industry stakeholders to
modify and adopt it for Ghana.

1.1°Objective of the Plan
The primary objective of the GMP is to develop a medium to long term strategy for
infrastructure development priorities that will contribute to the development of the
countryds natur al gas resources and security o

The GMP and related pricing policy options offers guidance for the Government of Ghana
(GoG) and other stakeholders within the energy sector by providing the following outputs:

1 Proposed gas allocation plans across domestic power and industrial sectors and
exports (if feasible) on the basis of economic value added and the available supply

1 A medium to long term infrastructure  plan that will ensure security of supply and
be in line with the proposed gas allocation plans

1 Recommendation on a suitable gas pricin g policy which ensures upstream
production as well as security of demand

1 Recommendation on a suitable institutional framework to be in line with
international best practice and promote development of the sector

1 A review of the regulatory framework analysing the major points of deficiency for
gas sector development.

As a key part of the plan, amodel (the Gas Master Plan Model, GMPM) is provided for
updating and examining alternate scenarios for the development of the gas sector and its
economic impact.

Although the focus is on developing medium to long term plans, the short term
bottlenecks of the gas market and gas industry in Ghana, were taken into account. The
recommendations are guided by the requirements and needs over the longer term
horizon.

1.2Ghana 6 s G a sdBé&ckgeound and Key Issues

The use of matural gas in Ghana started with imported gas being used in the power
generation sector. With severe power shortages in the country, insufficient supply through
the West African Gas Pipeline (WAGP) and recent significant non-associated gas
discoveries, the development of the gas sector and its integration with the power sector has
become a priority for policymakers. The gas industry in Ghana has only recently been
established and is characterised by a rumber of different institutions, agencies and
organisations with overlapping mandates. This is not the most common or proven approach
for a nascent gas sector; other countries embarking on developing their gas sector in a major
way have followed a more int egrated approach, such as Turkey. Lack of expertise and
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capacity in handling gas issues, uncertainty about institutional responsibilities, and the
difficulty of coordination between multiple bodies has meant that the sector has not
developed as rapidly as expected.

Supply from WAGP

Gas is currently supplied through the West African Gas Pipeline (WAGP), an offshore gas

pipelines connecting Takoradi and Tema in Ghana with Nigerian gas fields. Since the

inception of WAGP in 2009, gas flows to Ghana from Nigeria have never reached the fully

contracted volume of 123 million standard cubic feet per day (mmscfd). Over recent years,

supplies were completely interrupted due to serious damage tothe pipeline in 2012. The

shortage in gas supplieshasresulted in theuseo f f u e | oi l in the count
plants, significantly increasing electricity costs and adding to the financial burden in the

power sector and associated public entities. Thishas heightenedthe urgency of developing
Ghanads significant domestic gas resources.

Domestic Reserves andResources

With significant recent finds in non -associated gas reserves together with existing
associated gas reserves, Ghana has sufficient gas resources to meet its projected demand
over the medium term. Domestic proven gas reservesare concentrated in three large
offshore gas fields: the Jubilee field with associated gas reserves estimated at 49@Billion
cubic feet (Bcf), the TEN fields with associated gas reserve of $3 Bcfand the Sankofa field
with non -associated gas reserves of 17 Bcf In addition, the Mahogany and Teak
discoveries with total reserves of 120 Bcf will be developed as part of the Greater Jubilee
Full Field.

Gas-to-Power Sector Financial Challenges

Due to insufficient gas supply, demand for gas in Ghana is currently constrained. Besides
security of supply considerations, gas demand in the power sector is constrained by a lack
of investments in gas to power generation capacity. The main reasons for under-investment
in gas fired power generation include the following:

1 The Volta River Authority (VRaratiopnc@ipaoymads st
is facing major financial difficulties and is not in a position to raise capital for major
investments in power generation. Shortages in gas supply have meant that VRA
having to rely on expensive light crude oil in its thermal power gener ation facilities.
Without adequate electricity tariff increases, the World Bank projects that VRA is
facing imminent financial collapse 2.

1 The two state owned wholesale electricity purchasers, the Electricity Company of
Ghana (ECG) and the Northern Electricity Distribution Company (NEDCo) are in
financial difficulties, bringing their creditworthiness as off takers of electricity into
guestion. This detracts potential independent power producers (IPP) from investing
in the sector. Besides low electricity tariffs, the main reasons for the financial
difficulties are high technical and non -technical losses and arrears from public
sector consumers. A major reform programme is currently underway at ECG
aiming to reduce losses, increase productivity of the workforc e by introducing
performance based pay, and streamlining decision-making processes through a
new management structure.

2 Energizing Econmic Growth in GhanaWorld Bank June 2013
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1 Electricity tariffs for the past few years have been below cost recovery levels
resulting, among other things, in the financial difficult ies of NEDCo and ECG. More
importantly, however, this has sent a negative signal to potential market entrants,
the independent power producers about the viability of investments in power
generation.

Lack of Market and Price for Gas

As the gas sector wa only recently established, no canpetitive gas market exists.
Wholesale gas is tradedvia bilateral contracts between Nigerian gas suppliers and VRA. A
pricing policy for natural gas was agreed by the Government in May 2012 but this has not
been finalised..

The LPG market in Ghana is more mature and LPG has been promoted by GoG since 1986.
Consequently, a network of LPG filling stations exists in Ghana with most of them
concentrated in and around Accra. The objective of the LPG policy was to incentivise
residential users to switch away from biomass sources for cooking and heating. With rising
fuel prices however, LPG has increasingly been used in the transport and commercial
sectors over recent years. This together with a supply shortage of LPG has resultel in GoG
policy to reduce subsidies and adjust prices to more cost reflective levels.

Gas Infrastructure

The Western Gas Corridor is a major infrastructure project promoted by G hana National
Gas Company (GNGC) to bring gas from the offshore fields to gas fired power plant s in
Takoradi. The project has beenunder development since 2011Some pipeline components
and the gas processing plantwere completed in 2014.Infrastructure planning has been slow
in Ghana and apart from WAGP and the pipeline components of the Western Gas Corridor
no other gas infrastructure currently exists in Ghana.

1.3 Ghana Gas Master Plan Model (GMPM)

The above issues form the backdrop to the Ghana Gas Master Plan. They are all addressed
later in this document. At this point, it is opportune to introduce the analytic basis for
guantitative aspects of the plan. This is the Ghana Gas Master Plan Model (GMPM) which
aims at providing guidance for policy advice for the upstream, midstream and downstream
gas sectos, by simulating alternate supply, demand and infrastructure investment
scenarios Its main features are to allow the preparation and analysis of scenarios to:

1 estimate the demand for gas in Ghana up to 2040

1 calculate the national annual supply demand balance in Ghana up to 2040

1 calculate the weighted average cost of gas resulting from the supply mix

1 determine the location, capacity, costs and timing of main pipeline routes in the gas
transmission networks

1 calculate the economicvalue of gas utilisation scenarios
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The main structure of the model is shown in Figure 1 below. The model has three main
components:

1 Input data & the component where all data, assumptions and scenario parameters
are defined by the model user

1 Calculation & the part of the model where demand and supply volumes are
calculated on the basis of the inputs and parameters determined in the first
component. This also includes an economic analysis of the different utilisation
options.

1 Outputs 0 the component of the model where the key results of GMPM including
the gas demand levels, the equilibrated gas supply volumes, the weighted average
cost of gas (WACOG) and the infrastructure components are presented.

Within each part there are several sub-sections for the supply, demand, infrastructure and
economic gas allocation processes. For the supply and demand components, which
represent the largest parts of the GMPM, the sub sections are defiied through different
industries.

Figure 1. Ghana Master Plan Model Structure
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The model brings together all relevant data and projections of the supply and demand

for gas in a consistent framework over a nearly three decade planning horizon. Demand

is spatially disaggregated, and permits analysis of the pipeline and other infrastructure
invest ment needs required to make full use
to gas information, time and economic parameters and various conversion factors are
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needed. Details of the methodologies used for power demand, netback analysis and
infrastructure planning and the assumptions used in the model are provided in
Annex A5.

Given the uncertainty over future gas pricing, export commitments, domestic supply
volumes, infrastructure development and demand forecasts, the GMPM allows the user
to simulate a variety of different scenarios. The different scenarios that can be chosen by
the user are summarised in Figure 2.

Figure 2: Modelling Scenarios |

[Demand for power] [ BaseCase |
Delayed Scenarid
Availability of gas

for power

Reduced available

IPrioritisation for the supply of certain power pladt;
|Pri0ritisati0n for the supply for certain industries|
|Restrict supplies to industrial users |
Restricted Eroduction
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The GMPM has two main purposes:

1 to facilitate the development of the Gas Master Plan, based on a reasonable and
agreed set of scenarios, and tdllustrate the results of the scenarios

1 to be used by the Ministry for future updating

The second purpose is critical, as the external factors driving gas sector development can
change quite fast, including international fuel prices, upstream discoveries, macro-
economic factors and their impact on gas demand. This plan presents currently relevant
scenarios. TheGMPM will allow new scenariosto be analysedas circumstances change.

Overview of the Report
The remainder of this plan is structured as follows:

1 Section 2 discusses gas utilisation priorities, identifying power production and
industrial heat as the main sectors to be targeted at the present time

1 Section 3 presents estimated gas supply, production and cost scenarios

1 Section 4 analyses demand for gagrom the power and industrial sectors

1 Section 5 discusses gas allocation, presents the suppkdemand balance and
determines the infrastructure investment requirements
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1 Section 6 discusses policy, institutional, regulatory and pricing frameworks

1 Section 7 pesents a summary of the Gas Master Plan and provides
recommendations

1 Section 8 discusses the gas pricing policy

1 Section9 summarises the main recommendations of the plan

The annexes provide a list of documents consulted, present the international casestudies
covering comparator countries, and provide details on the methodologies embedded in the
Gas Master Plan Model and the data inputs and assumptions used to generate the results,
as well as some summary information on related studies.
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2.0 GAS UTILISATION IN POWER AND NON -POWER SECTORS
In order to assess the value of gas in various possible enduser sectors and make
recommendations on the policy for allocating gas to potential demand centres, this strategy
document reviews previous studies and uses a Netback Analysis to calculate the value of
gas in the main sectors, in accordance withinternational best practice. This section therefore

covers:

T
T
T

T

A review of previous studies and assessments of tle attractiveness of gas in
different sectors

The useof netback analysis to calculate the value of gas in the main sectors

A review of international benchmarking on how these utilisation issues have been
addressed in a select group of comparator countries

A set of recommended gas utilisation options .

During processing of raw or wet gas, Natural Gas Liquids (NGLSs) including Ligquefied
Petroleum Gas (LPG) and Condensate are removed from the gas stream and marketed
separately. The remaining lean gasis utilis ed primarily as fuel for power generation, but could
also be usedas an energy source forindustrial heating purposes, cement sectoror as a feedstock
for certain petrochemicals. The utilisation options for this lean or 6 d r y éis tlgedosus of this
section of and is sub-divided into:

=4 =4 4 4 4 A

Power Generation
Cement Production
Industrial CeGeneration
CNG vehicles
Petrochemical synthesis

Residential and commercial heating

A further option is the export of gas via pipeline or as LNG. These options are sum marised in

Figure 3.
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Figure 3: Common GasUltilisation Options
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Ghanad gyas resource if properly utilised, could meet the bulk of the countryds enert
requirements. This Gas Master Plan considers a large range of potential smaliscale and large

scale domestic gas utilisation options as identified in Figure 3. Such coverage will allow for the

possibility of expanding focus sectors if and when additional resources are discovered and

supplied at an economically viable cost.

The Plan draws on findings from previous reports on gas utilisation options unde rtaken for the
country, original research and also international experience and related lessons learnt in the
development of natural gas sectors.

2.1 Gas Utilisation Options 0 Previous Studies

The starting point for th ese analysesare thereports that have already been carried out. The Plan
first survey s these sources, before developingits own estimates of potential gas demand in
various sectors. Three highly relevant studies have been conducted regarding potential gas
utilisation options for the country. These are:

i. OAdvi sodQhaPaap eSrect or @eparedKbatizetMmistry &f Eneergyd
by Nexant in 2010.
i. O6National Gas Ut i | prepaaed byotme Efelgy @omrission inGh an a &
2010.
iii. O0Energising Economi c Gr owandPetrorumEkectors ®ise Ma K i
t o t he préparédbgthegMorid Bank in 2013.
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The World Bank study focused on the power sector, clearly identifying this as the priority area
for gas utilisation in Ghana. While reaching a similar conclusion, both the Nexant and the
Ener gy Co mmpodsalsmass@ssed alternative uses in the industrial, commercial and
residential sectors. The nonpower uses assessed as possible utilisation options in each report
are summarised in Table 1.

Table 1: Utilisation Options Considered in Previous Studies

Advisory Paper d Ghana Sector Gas Master National Gas Utilization Plan for Ghana
Plan

Industrial Heat
Fertilizer | Urea
Ammonia
Methanol | Methanol
Dimethyl Ether - a derivative of methanol)
Aluminium
Salt and Chor -Alkali
Poly-Vinyl Chloride
Residential and Commericial | Residential and Commercial
CNG for transportation |CNG for transportation
Note: reordered to show similarities and differences

The main findings of the three reports are discussed below with the non -power uses -, grouped
under the categories presented inTable 1.

2.1.1 Power Generation

Power generation has been clearly identified as the priority sector for gas utilisation in all three
reports. The World Bank stresses the importance of a wellfunctioning p ower sector for
enabling economic growth and improving living standards in the developing world.

However the problems which are currently being faced by the power sector are well
documented but have so far remained largely unresolved. These include:

1 the poor financial health of State Owned Enterprises (SOEs) in the power
generation and distribution

1 the need for new investment in the sector

9 the barriers facing potential Independent Power Producers (IPPs) such asweak
credit-worthiness of the off-takers and demand for credit enhancement
instruments

9 ahigh level of system lossesand inadequate revenue collection, resulting in cash
shortfalls in the supply chain

1 Non-availability of fully cost reflective tariffs, and delays in the application of
price indexatio n to regulated tariffs

The last 223 year period has seen these longstanding issues become critical due also to gas
supply shortages through the WAGP, forcing thermal generation plant s to switch to Light

Crude Oil (LCO) and Diesel. This is an expensive pathway; around the world, oil and its

distillates have seen a gradually reducing share in the fuel mix for power generation over the

last few decades. Due to therelatively higher cost o oil and diesel as a source of base or mid
merit load, such generation is typically restricted to low utilisation peaking plant s.
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The World Bank estimated in 2013 thatLCO would cost US $17/mmbtu based on crude oil at
$100/bbl3. That is substantially hig her than cost estimates for gas supply either from domestic
fields or through WAGP (Section 3.0 discussesgas supply projections and cost estimates in
more detail). The high cost of LCO is cited as the primary cause of the dramatic deterioration
in the financial position of VRA. The clear cost advantage of gas against competing fuel sources
was also highlighted i n both the Nexant and Energy Commission reports as the key drivers of
demand for new gas supplies.

2.1.2 Strategic Large -Scale Projects

Certain large industries are extremely energy-intensive, most notably the process of aluminium
smelting from alumina. The Vo Ita Aluminium Company (VALCO) was established in the 1960s
and has for a long time received electricity at subsidised rates to maintain competitiveness and
keep the plant running. Despite now only operating at around 20% of its 200,000 million
ton/year cap acity, VALCO still uses approximately 3.5% of Ghanaian power supply. The
World Bank report calls for the subsidy to be removed, or provided in a transparent manner
through general taxation.

Nexantds 2010 report esti mat ed df beaween BIS$Maxdi mu m |
US$66/MWh would be required for aluminium production to break even. This comparesto the

then electricity price of approximately US$300/MWh for large -scale industrial users.
Recognising the requirement for cheap electricity as a necesity for aluminium production to

be a viable proposition in Ghana, a further report for the Ministry of Energy in 2010 performed

by Emos Consulting, wh i c h oil aarsdsgass drivend alumioisAsased i | i t i
industrial developmei , c i t e ér industeal beriefd which could be leveraged from

subsidising power for aluminium production, a case which VALCO itself makes strongly

By linking aluminium smelting to a new alumina r
an integrated domestic aluminium value chain could be formed. Such a refinery, if viable,

would also create substantial demand for heat energy from gas, as discussed below in
Section2.1.4on industrial heat from gas.

Further industries linked to alumina production which are also energy -intensive through
demand for power are the Chlor-Alkali and Poly -Vinyl Chloride (PVC) industries. The
development of these industries has been proposed in Ghana and their feasibility was assessed
in 2010by Nexant. Based on requirements for a 400,000 ton/year aluminium smelter, Nexant
estimated 23,000 ton/year of sodium hydroxide production and 35,000 ton/year PVC
production would add a total demand for 62.9 GW h/year.

2.1.3 Petrochemicals

Gas is a principal feedstock in the production, typically by oil and gas rich nations, of a number
of petrochemicals which are traded globally.
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The World Bank report did not investigate the attractiveness of prioritising such utilis ation
options but stated that power sector demand should be satisfied before their consideration. This
is a position supported by the Nexant report which provided a netback cost analysis on the
viability of gas as feedstock for fertilizer and methanol prod uction.

While regional demand for petrochemicals in Africa is growing rapidly, Nexant stress the

i mportance of both fertili zegcalnedd nien hsinzod
the required investment. Due to limited domestic demand in Gh ana this in turn would create
dependence on supplying export markets and correspondingly high risk from volatile global
prices. Based on an ammonia plant producing around 2,000 tons per day, gas demand of 30
mmbtu/tonne and a forecasted ammonia price rangi ng from US$200to $600/tonne, Nexant
estimated a maximum average gas price of just US$1.7/mmbtu from 2015to 2025 would be
required for the project to be viable. The volatile price forecast further underlines the high risk
associated with such investments.

A similar, albeit slightly more attractive result, was arrived at for methanol production. Based
on a world -scale plant producing 5,000 tons per day, gas requirements of 33nmbtu/ton, and
forecasted price trends, Nexant estimate an average gas price of U$4.8/mmbtu would be
required from 2015to 2025 to make such a plant economic.

The Energy Commissiond s r enowdest less detail on the viability of petrochemical

production, but does note the constraints arising from fertilizer, methanol and Dimethyl Eth erd s

(DME) capital-intensive nature and reliance on export markets.

2.1.4 Industrial Heat

Low pressure pipelines can be established in industrial areas to supply natural gas to factories
for heat in industrial processes. In these circumstances, gas will competewith other fuel sources,
notably Residual Fuel Oil (RFO) and Liquefied Petroleum Gas (LPG). Where infrastructure for
pipeline gas can be provided so as to allow the cost differential to RFO and LPG to be
sufficiently attractive to incentivise switching, in dustrial heating uses may present an
additional source of low -risk incremental demand for natural gas. While large petrochemical
plants would require government investment or government guarantees, the industrial users
make their own investments in their f actories. Another issue is the investment required in the
distribution network.

Tanzania provides a good example of how the industrial use of gas can proceed in an
incremental fashion, once gas was made available onshore in the Dares-Salaam area primarily
for the power sector. As of 2012:

Industrial gas consumers: 35 industrial consumers are supplied via a 42 km low pressure
gas distribution network. Gas comes from the Songo-Songo field and is piped to
Dar es Salaam via a 25 km 12" offshore pipeline and a207 km 16" onshore
transmission pipeline, plus a distribution network that consists of 50 kilometres of
low pressure pipeline and four pressure reduction stations.

CNG: a compressing station has been established which supplies a few bulk customers
(notably the Movenpick Hotel, IMI, Tanpack and Iron & Steel) and a limited but
growing number of CNG -powered vehicles.
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One lesson for Ghana is that, due to the need for costeffective distribution networks, the
economics of smallscale industrial usage of pipeline gas for heat operates best in clusters close
to an upstream supply terminal, processing plant or existing transmission pipeline. For this
reason the industrial districts of Tema and Takoradi present the most obvious potential
locations where this type of demand may first grow.

The cost advantage may be sufficient to incentivise the development of additional industries
which are currently uncompetitive domestically due to the cost of available fuel supply sources
for industrial heat. Clear candidates here include steel based on Basic Oxygen Furnac€BOF)
approach and clinker production for cement, both commodities for which demand is expected
to expand rapidly as Ghana grows towards a middle -income country status. However, clinker
production depend s on the identification of suitable limestone deposits. For steel there is
presently a limited amount of production in Ghana, understood to total approximately 0.6
MTl/year, all based on Electric Arc Furnace (EAF) production . This approach is dependent on
the provision of energy in the form of electricity. The relative economics of the BOF and EAF
approacheswill therefore depend in part on the related costs of gas and electricity.

Another value chain that has attracted considerable interest is alumina. Bauxite mining is
currently undertaken in Ghana at Awaso in the Western Region. In addition, an estimated 1.5
billion tons of bauxite resources exist in Nyinahin and Akyem. The bauxite could be used to
feed an alumina refinery to provide a domestic supply of a lumina to aluminium smelting
plants. Due to the cost advantages of transporting alumina rather than bauxite, where possible,
refining takes place at the bauxite source rather than at the aluminium smelter. While not as
energy intensive as aluminium smeltin g, the Bayer Process for refining bauxite into alumina
has substantial demand for heat, averaging in excess of 14 GJ per tonne per annum. The Emos
Consulting industrial development report foresees a dual -track approach with alum ina supply
chains both in th e Eastern Corridor for the existing VALCO smelting facilities, and the Western
Corridor serving a new Greenfield site.

2.1.5 Residential and Commercial Heating

Residential and commercial use of natural gas demand in Ghana is focused on cooking and
water heating, rather than space heating. In recent years there has been a drive inthe country
to incentivise switching from traditional fuels to LPG and solar water heating in order to meet
these demands.According to the LPG Promotion Strategy for Ghana published i n 2011 by the
Energy Commission, a 40% penetration rate for households had been reached (compared to 6%
in 2000).The Government is in the process of revising its LPG policy to increase penetration to
50% by 2020

For natural gas to become attractive, it would have to offer a cost advantage over LPG, after

accounting for the significant capital required to establish urban distribution networks. The

principal barrier is that without demand for space heating, average load would be low while

capacity requirements for peak periods would remain high, increasing the infrastructure

component of the total cost. As a result, Nexant cited the examples of South Africa and Cote

dél voire, where such networks have encountered f
and claimed that potential revenues in Ghana would be insufficient to recover costs. This is a

position supported, at least in the near to medium -term, of the Energy Commissiond s r,epor t
where they estimated an urban grid for the residential and commercia | sectors will not be viable

f or-1&1 § eTaaresafe.also significant theft and safety issues related to gas distribution
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networks. This Plan therefore does not recommend use of natural gas for domestic purposes a
priority in the near to medium term.

2.1.6 Transportation

Natural gas can be used in a pressurised state, known asCompressed Natural Gas (CNG), for

transportation as an alternative to petrolanddi es el fuel s. Whil e CNGOs

small internationally, its use has proved popular in a number of markets where its growth has
received targeted support and the cost of standard fuel options is high. This is particularly true
among urban taxi and bus transportation fleets in nations for which the transition to CNG has
received state assstance.

Environmental benefits and the potential gap between natural gas and petroleum product
prices further incentivise CNGgr owt h. The mai n c¢ ons the absende sf
infrastructure (including both compressors, which require reliable electricity supply, and a
network of fuelling stations); the capital cost of converting vehicles; poorer performance of
vehicles; uncertainty over the future gas-oil price spread; and large storage space requirements.
Targeting the conversion of dedicated fleets, rather than a general conversion of all vehicles on
a voluntary basis, helps reduce the impact of all these challenges particularly by allowing for
localised refuelling infrastructure to be developed.

Ghana has a sizeable fleet of LPGuelled vehicles, a trend that has been driven by the cost
saving from cheap LPG, which was subsidised to incentivise residential and commercial use.
According to NPA, in 2015 there are 603 LPG fuelling stations, over a third of which were in
Accra, with taxi and bus fleets prominent among users. Measures to address the undesired
outcome of an effective crosssubsidy from petrol to LPG were proposed in the Promotion
Strategy paper, however, the popularity of LPG may help provide a model and natural market
for CNG -fuell ed vehicles. This Plan recommends that the continuous use of LPG in vehicle and
bus fleets should be subjected to safety regulations.

The Nexant report identified the need for supporting regulatory frameworks, fleet sizes greater
than 50, favourable inter-fuel taxation, and strong safety standards, as conditions for enabling
the sustainable growth of CNG as an alternative transportation fuel in Ghana. The se same
factors were also highlightedin t he Ener gy CreporinThs Rtteorepdrtsalso noted
the potential for CNG in the residential and commercial sectors for cooking. However, practical
issues regarding energy density, cylinder size, distribut ion and storage, have so far prevented
this from becoming a noteworthy market for CNG in other parts of the world.

2.1.7 EXxports

If and when supplies from domestic gas production are able to sufficiently meet local demand,
exports might present an option. Such gas exports would likely be in the form of Liquefied
Natural Gas (LNG) and would require a liquefaction facility and an export terminal. Once
domestic demand is adequately met, particularly for electricity generation, and sufficient gas
becomes available b justify the construction of an LNG liquefaction facility and export
terminal. Alternatively, it could be more beneficial to export electricity or any other commodity
in high demand instead of gas. The final choice will be based on the expected margin tobe
gained; the level of risk associated with an investment, and the potential wider economic
benefits.
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2.1.8 Summary of Previous Reports and Planned
Options

Previous studies present a largely consistent line regarding the recommended prioritisation for
domestic gas utilisation in the country.

Power sector: this presents an immediate source of secure and growing demand with
attractive margins at low -risk as existing Open Cycle Gas Turbine (OCGT) plants
are ready to convert to Combined Cycle Gas Turbine (CCGT) plants, in addition to
new gas-based thermal plants at various stages of development

Industrial heat : low-risk industrial use is attractive because it can be expanded in an
incremental fashion primarily to supply domestic demand.

Initially this is likely t o cover localised distribution networks for small industrial
clusters around pipeline terminals at Tema, Takoradi, and possibly Prestea. Should
suitable limestone deposits be identified, clinker production will also fall into this
category.

Steel furnaceslie somewhere between this and higher-risk groups in that plant may
be focused on domestic supply and are somewhat less capital intensive than the
mega-projects discussed below, but may still face tough competition with cheaper
imports .

CNG for transportat ion is less attractive than the other two categories due to
implementation difficulties but could be incrementally rolled -out, with the benefit
of releasing LPG and oil products for other uses. Risks would be minimised by
making CNG available in the first instance for dedicated taxis and goods transport
fleets, with vehicles tuned to operate efficiently on CNG.

Sectors which should not be prioritised for now are:

Residential and commercial : distribution networks are seen either as uneconomic or
long-term options.

Mega-industries : whether and when to prioritise and provide targeted support to large,
high -risk, strategic industrial sectors that use natural gas either for energy (through
power or directly for heat supply) or as feedstock is also in doubt.

These options are capital intensive and either rely on export markets with volatile
commodity prices or will face intensive competition from imports. This group
includes the aluminium sector and its upstream components of alumina and chor -
alkali production, pe trochemical production (such as ammonia, urea and
methanol), and LNG export.

The following Section 2.2 discusses the results of a quantitative netback pricing analysis into
the above options which has been undertaken as part of modelling (described in more detail in
Section 2.2 Section2.3 then performs international benchmarking on how these utilization
issues have been addressed in a select group of comparator countries which have previously
managed the development of a domestic natural gas sector Section2.4 then derives specific
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utilisation recommendations based on a combination of the above findings, the netback
analysis, and key lessons learnt from international experience.
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2.2 Netback Analysis of Sectoral Demand

Following the review of previous g as demand studies, netback analysis of the value of gas in
each of the main potential consuming sectorswas conducted. This is a key part of the demand
modelling process described in Section4.L, wher e a O6netbackd value
for variou s industrial utilisation options.

Netback analysis involves taking the current market price of a product (either the domestic
price or global price for export -orientated industries with efficient global markets) and
subtracting other capital and operation input costs to establish an estimated maximum

Owillingness to payd fgastThd anaykis iscarped buyfora selaction hi s

of potentially gas intensive industries.

The sources, figures and calculations which have been used to derive the netback values are
discussed in more detail in Attachment 5.2. Sensitivity checks, particularly important for
export-orientated industries where viability will be dependent on highly volatile global prices,
are also discussed in the following text. The industries selected in the netback analysis have
been identified as the major potential gas off-takers.

The main results are summarised in Figure 4 below, which in dicates the value of gas to each
end-u s e, 6benchmarkedd against the weighted
processing costs, plus transmission tariff which in total ranges from approximately
US$9/mmbtu to US$12/mmbtu over the P | a pefiosl. The estimates of the WACOG for three
scenarios areprovided in section 3 Sectors which have a high netback value, especially those
with a netback value greater than the benchmark, are those where gas has a high potential value
and are likely to be strong candidates for developing as gas consuming sectors

Figure 4. Netback Values in Various Sectors

Power generation | ——

Cement

Transportation (gasoline)

Industrial heat (RFOY NN
Methanol |
Transportation (diesel) |NNNENRENE
Urea
Auminium* | 5
Stec! NG Gas pricerange:
Alumina™ |G 9-12 US$/mmbtu
0 i 4 6 8 10 12 14 16 18

MNetback value of gas [US$/mmbtu]

* The light blue bar for industrial heat indicates the added netback value once the estimated subsidy for Residual
Fuel Oil (RFO) is included within results 8 see below text for further detail
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** The calculation of the netback price for aluminium includes gas for both heat and electricity demand through the
combined value chain of alumina refining and alumium smelting. The light blue el ement for aluminium indicates
the added netback value derived from using existing smelting facilities at VALCO which are a sunk cost. See below
text for further details.

The above preliminary results have been generated based on a 12% discount rate for caial
expenditure and can be compared to a delivered gas price of US$8.6/mmbtu in 2014 through
the WAGP which could be considered as peg price for domestic gas supplies.

Aside from power generation (not included in the netback analysis), the preliminary re sults
indicate that the most attractive sectors include Cement, CNG for transport, and other
incremental sources of small-scale demand for industrial heat. These areaddressed below.

2.2.1 Cement

Cement demonstrates an attractive netback value of gas, estimated at approximately
US$15/mmbtu. This figure is largely a result of the high cost of imported clinker to Ghana,
creating a domestic price of cement estimated to be US$153MT, significantly abov e the US$70
to US$100/MT observed in the MENA region. A figure of US$120/ MT, for instance, would
reduce the value of gas to around US$6/mmbtu. Ghana already has a sizeable cement grinding
industry and import sall of its clinker.

There are limestone deposits within Ghana at Nauli in the Western Region and Buipe and
Daboya in the Northern region , Bongo-Da in the Upper East Region, Oterkpolu in the Eastern
Region. The Nauli limestone estimated at over 400 million tonnes, could yield over 1.4 million
tonnes clinker per year by means of the dry process, and this would require 12 mmscfd of
natural gas. Testst conducted on samples from the limestone deposits have confirmed that the
Nauli and Buipe deposits are most suitable for clinker production.

Facts are thatfor a limestone deposit to be suitable for cement production, according to
figures from the industry, the chemical analysis should fit into the range shown in Table 1.

Table 2: Typical chemical for limestone suitable for cement production

Mineral | Gal Si0s A0s | Fe0s | MgD | Akalis | Chlorides | S04 Lol

% 400-560 | 10-150 | 1060 |02-50 (0240 | 0201 | TraceQ1 | Trace-0.3 | 35.0-440

(Bource: Banerjea, 1985).
According to the Ghana Geological Survey, there are four major limestone deposits in

Ghana, namely; Buipe, Nauli, Oterkpolu and Bongo -Da, with minor deposits occurring at
various parts of the country. The four major deposits have the following chemical
compositions shown in Table 2:

4KNUST and Ghana Geological Survey
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Table 3: Chemical composition of limestone major deposits in Ghana

Deposit Reserves Composition (%)

(million tons) Ca0 SiO; A0 Fe-Os MgO
Nauli 400 48.71-53.32 | 0.84-4.18 1.94-4.38 | 1.94-4.30 | 0.57-1.84
Bongo-Da | 6.62 40.00-49.30 | 9.00-9.30 1.70-3.90 | Upto 0.10 | 1.20-4.20
Oterkpolu | 8-10 38.00-38.60 | 13.27-16.90 | 2.60-259 | 1.2-295 |3.07-4.23
Buipe 6.03 48.0 6.20-6.90 2.00-2.80 | 0.50-0.06 |1.00-1.70

2.2.2 CNG for Transport

The estimated netback value of gas to be used for CNG in vehicles provides maximum values
of US$14.6/mmbtu and US$9.7/mmbtu for gasoline and diesel fired vehicles respectively.
Gasoline and diesel prices used for the calculations are based on regulated prices as quoted by
the National Petroleum Authority 5 (336 GHpl/litre and 327 GHp/litre respectively ) minus the
applicable taxes and levies which yielded a net price of 271 GHpllitre for both fuel types.
Vehicle performance is based on a midrange hatchback car. Aside from the cost of alternative
fuels, the other significant variable regarding the netback value of gas for CNG is the capital
cost of vehicle conversion. International estimates range considerably from around US$1,600 to
over US$10,000 for a typical car. A cost of US$6,000 has been used in generatirigigure 4 with
a 5 year lifespan.

Sensitivity checks using low and high conversion costs of US$2,000 and US$10,000 were
conducted. For gasoline the netback results are US$20.7/mmbtu and US$8.9/mmbtu
respectively, while for diesel they yield US$16.0/mmbtu and US$3.7/mmbtu.

The basenetback results for CNG are attractive for high mileage taxis using petrol but should

be reviewed in conjunction with t khpasdischssedinbar r i e
Section 0, along with an assessment of the relative fiscal terms imposed on each fuel source

options. Furthermore the sensitivity of the results to c onversion costs and annual mileage

indicate the need to confirm assumptions regarding these parameters before making firmer

conclusions as to the attractiveness of pilot project. A pilot project study for CNG use in public
transportation in Greater Accra r egion shall therefore have to be carried out to test these results

2.2.3 Small -Scale Industrial Clusters

Other small-scale demand for energy, especially heat, serving industrial clusters around Tema
and Takoradi areas have an estimated netback value of US$9.8/mmbtu . This is based on an
alternative fuel cost of US$0.47/litre for RFO (derived from the regulated price of 157 GHpl/litre

net taxes and levies), and a conversion cost at 50 sites of US$45,000 for boilers/furnaces per site
with a 10 year repayment period. This result is insensitive to the conversion cost with high and
low cases of US$60,000 and US$30,000 per site yielding netback values of US$9.2/mmbtu and
US$10.5/mmbtu respectively.

Shttp://www.npa.gov.gh/npa _new/Downloads.php figures for 14 July 2014
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The netback results indicate the incremental development of small-scale ndustrial demand
from clusters of operations close to gas supply terminals, is a relatively attractive utilisation
option once power sector demand has been met. It should also be noted that these sectors are
likely to have significant employment benefits.

2.2.4 Other Sectors

Other sectors analysed indicate more marginal netback values when compared to the gas cost
plus transmission tariff of US$9/mmbtu to US$12/mmbtu. In addition to the tight economics
of the basecase shown in Figure 4, these sectors are also vulnerable to volatile global market

prices, either via competition from imports or through a dependence on exports for project
viability.

2.2.5 Methanol

Methanol production has been calculated to have an associated maximum netback value for
gas of approximately US$10.5/mmbtu. While weaker than the sectors discussed above, this
remains higher than the initial benchmark gas supply price. The value is based on the

construction of a world -scale production plant serving an export market and thus susceptible

to global market prices. As shown in Figure 5, Methanol prices have been volatile over the last
year, showing a marked peak late in 2013 before sliding during the second quarter of 2014.

Figure 5: Historic M ethanol Price®
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An IHS Global Methanol Market Review highlighted a range in production costs globally with
producers in the MENA region facing costs of less than US$100/ton, while Chinese gas-based
producers represent the international marginal producers at approximately US$350/ton. IHS
also predicted broadly flat prices to 2020 before a steady rise to above US$500/tonne by 2030.

Therefore in this analysis the approximate average of the previous 18month period of
Methanex Asian Posted Contract Price has been adopted. This yields a product price of
US$480/MT used in the above calculation of our basenetback value.

6http://www.methanex.com/products/methanolprice.html
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Prices are clearly volatile and uncertain with Figure 5 showing a price variation ranging
between US$400/MT to over US$550/MT. Therefore sensitivity checks have been conducted
using this price band, yielding low and high case scenarios for netback gas value of
approximately US$8.1/mmbtu and US$12.6/mmbtu respectively. However, analysis of
production costs in other nations, suggests that with a production cost of over US$400/MT,
Ghana would be at a significant disadvantage with the Middle East and North Africa ( MENA )
region and North America . As well the country will be in tough competition as a marginal
supply source with China and Eastern Europe’, highlighting the risky nature of investing in
such a capitakintensive plant.

The netback value analysis of gas for methanol suggests a reasonably attractive utilisation option.
However the large capital investment requirements anemi#gnce on an export market where
Ghana is at a cost disadvantage compared to many incumbent players, diminishes the
attractiveness of methanol as a priority gas utilisation option in Ghana.

2.2.6 Fertilizer ( Ammonia and Urea)

Fertilizer, in the form of ammonia and urea production 8, indicates a reasonablebasevalue of
US$8.7mmbtu , but one that is sensitive to changes in global prices which have been highly
volatile in recent years. This figure is based on a world-scale plant which would depend on

competitiveness in the export market. As shown in Figure 6, World Bank data based on Eastern
European prices indicates urea prices have varied from US$300/MT to US$500/MT over the
course of the last three years.

Figure 6: Historic Urea Price®
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7http://www.ptg.pemex.com/prod uctosyservicios/eventosdescargas/Documents/Foro%20PEMEX%20Petroqu%
C3%ADmica/2012/PEMEX DJohnson.pdf

8 Ammonia is an input for the production of Urea. As Urea requires CO » which is a by-product of the ammonia
production, the production of both the Ammonia a nd Urea must be undertaken at the same site, hence a combined
Ammonia -Urea Plant is discussed here.

ohttp://databank.worldbank.org/data/views/reports/tableview.aspx
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A 2013 market outlook produced by the CRU Group for global fertilizer markets highlighted
the major capacity additions expected between 2013 and 2018, predominantly from China and
the MENA region. However , Profercyl! note that the low current urea prices have seen notable
delays and cancellations of this new capacity. Given these mixed messages on potential outlook,
we have adopt ed CRtlboksfor breaopacdd tg 2017 antl haeeutaken the
average of the previous 18 month period that is US$350/MT . Nevertheless, the same issues as
highlighted for Methanol regarding the access of other regions (notably in the MENA or
subsidised gas in Trinidad and Tobago) with lower cost of gas supplies than Ghana, confers a
significant competitive advantage to their urea producers.

To measure the sensitivity of the above results, the historic US$300/MT to US$500/MT band
seen in the World Bank data which would e quate to netback gas values ofUS$6.4/mmbtu and
US$15.4/mmbtu respectively was used. The sensitivity of these figures indicates the high-risk
nature of making the very large capital investment required in fertilizer production facilities
For instance, a 660,000 M'/year ammonia plant is estimated to cost US$0.85 billion in capital
expenditure.

The potential multiplier effects of increasing the supply of fertilizers such as urea for economic
development in Ghana have been cited in support of pursuing inv estment in the sector. Section
6.2 and Annex Ab5.366.3 investigates the issue of multiplier effects, estimating that while
fertilizer does demonstrate a relatively high multiplier for Ghana, so too does electricity .
Therefore no evidence was found to support higher priority being awarded to fertilizer
production on this basis.

These results therefore suggest fertilizer should not be a priority area for gas utilisation but may
present future opportunities as the gas sector matures, particularly if the outlook for urea prices
improves.

2.2.7 Alumina and Aluminium

The OEasteotvni@dusidoarl devel opment pl an proposc¢
supply existing VALCO production. VALCO has acapacity of 200,000MT /year , 80% of which

is currently idle. As noted in Section 0, VALCO currently receives power supply at subsidised

rates in order to maintain competitiveness. The netback value provided here for alumina

addresses the estimated value of gas for heat supply for such an alumina refinery, irrespective

of any losses incurred by VRA/GoG through the subsidisation of power supply to VALCO.

Most alumina is supplied to smelters under bilateral contracts, often at a price per MT of
alumina which is a fixed percentage, typically 14 -15%, of the final price per tonne of aluminium.
Figure 7 shows the London Metal Exchange prices for aluminium for the 3 year period to June
2014. The aluminium price fell steadily fr om just under US$2,700/MT to approximately
US$1,700/MT by January 2014. Since this date, there are indications of a small recovery with
prices in July 2014 standing at approximately US$1,900.

10CRU Group, Global Fertilizer Market Outlook, Commaodities Outlook Conference, May 2013

11http://www.profercy.com/profercy -studies/the -shale-gas-reality -and-th e-urea-outlook -to-2030/

12 CRU Group, Global Fertilizer Supply/Demand Five -Year Market Outlook (2012-2017)
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Figure 7: Historic Aluminium Pricel3
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HSBC forecast a shift in global supply-demand balance towards a deficit by end 2014 forcing
prices above US$2,000MT before larger surpluses re-emerge during 2016-17, again placing
downward pressure on prices. In the light of this historic data and market forecast, this plan
takes a basecase using an aluminium price of US$2000/MT . Alumina supply per MT at 15% of
this aluminium price would then yield a market price of US$300/ MT alumina. However a
mark -up should be considered for imported alumina which requi res shipping costs. It is noted
that the September 2014 spot market price FOB Australia was approximately US$280MT,
equating to an import price in China of around US$365/ MT. The domestic supply price in
China at this time was approximately US$400/MT. Ther efore our base case for Ghana also
assumes an alumina market price of US$400/MT.

Capital expenditure for this case is limited to the alumina refinery, estimated to be US$720
million fora 1 M T per annum plant. Operating costs, exclusive of energy, is about US$200/MT
of alumina. A further 150 kwWh/ MT of electricity is required at industrial electricity rate. Gas
consumption estimates is approximately 14 mmbtu/ MT for heat during the refining process.

The resulting estimate for the netback value of gas in alumina production is US$4.7/mmbtu.

As an indication of the sensitivity of these results to changing market prices, using figures of
US$350/MT and US$450/MT respectively vyields low and high netback values of
US$1.2/mmbtu and US$8.3/mmbtu respectively. The resu It is also sensitive to the assumed
cost of Bauxite which may be close to half of the non-energy operating costs. For instance, a low
case for non-energy operating costs ofUS$150 MT together with the basealumina market price
of US$400/MT vyields a netback value of US$8.3/mmbtu.

Given the focus on the full alum ina value chain in current plans, a second case assessing the
netback value of gas inclusive of a dedicated CCGT power plant to supply all electricity
requirements (in addition to gas for heat processes) was considered. The same CAPEX and non
energy OPEX values for the alumina refinery as provided above were used. For smelting, two
MT of alumina are required per MT of aluminium production and a further US$350/ MT has

Lhttp://www.lme.com/en  -gb/metals/non -ferrous/aluminium/#tab2
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been allocated for other non-energy production costs encountered during the smelting process.
This leaves electricity demand for smelting, which is estimated as requiring 16,000 kwh/ MT
aluminium . This equatesto approximately 100 mmbtu of gas input to a dedicated CCGT plant,
and provides a maximum netback value of gas of US$8.4/mmbtu4,

For additional smelting facilities, correspondi
development plan, a further capital cost of US$4000/MT for new smelting facilities with

superior energy efficiency equating to 12,000KWh/ MT  electricity = demand
(approximately74 mmbtu/ MT from a dedicated CCGT plant) is assumed. The added costs

bring the estimated netback gas value down to US$5.6/mmbtu.

The netback analysis results therefore suggesthbahaximum value of gas supplied to the sector
is both low and incurs higher risk than alternative utilisation options.

2.2.8 Steel

Steel production can be performed either using the Electric Arc Furnace (EAF) approach or the
Basic Oxygen Furnace (BOF) approah. The former is a predominantly power driven process
and has not been analysed separately to general power generation Electricity is a fundamental
input to the smelting in an EAF and thus cannot be substituted by fuel switching to gas. Using
gas as a heaisource for the BOF approach and an assumed steel price of US$70MMT, provides
an estimated netback value of just US$6.8/mmbtu. High and low scenarios with steel prices of
US$800/MT and US$600/MT vyield netback prices of US$9.9/mmbtu and US$3.7/mmbtu
respectively.

The netback analysis results for steel via a BOF approach are not promising and indicate a low
priority for gas utilisation.

14|f the alumina refining energy demands were removed from the calculation and imported alumina at the base case
of 400 US$/tonne was included in the O&M costs, then the netback value of gas to electricity for smelting would be
8.6 US $/mmbtu.
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2.3 International Benchmarking

The third approach to assessing attractive sectors for gas is to examine gas utilisation in aange

of other countries. Following the above literature review of previous analyses on utilisation

options for Ghana, this section discusses how gas has been allocated across different sectors in

a selection of comparator countries. Full case studies desribing the development of each
countryds gas sector, institutional structur e,
provided in Annex A3.

This section focuses on those findings from the case studies of particular relevance to assessing
utilisation options for a newly developed natural gas sector and what lessons they may have
for Ghana. The countries included in this review (in alphabetical order) are:

M1 Colombia

9 Indonesia

91 Israel

1 Netherlands

1 Nigeria

9 Tanzania

9 Thailand

I Trinidad and Tobago

1 Turkey

2.3.1 Overview of Utilisation Priorities

Figure 3introduced the main areas of natural gas demand which may be prioritised during the
sectords development. The comparator countries s
approach to this issue, as shown inFigure 8.

The diagram shows that the power generation sector has been the key offtaker during the
initial stages of development in all count ries except Netherlands, Nigeria and Indonesia.
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Figure 8: Initial Sector Prioritisation in Comparator Countries
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It is important to note that priorities are selected by a mixture of government decisions, market
forces, timing (relative fuel costs for instance have seen notable changes over time) and other
circumstantial conditions. The specific reasons for the success, or not, of gas use in particular
sectors within each country is discussed below in Section2.3.2

2.3.2 Key Findings from Comparator Count ries

The comparator countries analysed have developed their respective natural gas sectors under
notably different circumstances. This review discusses the drivers behind establishing which
utilisation options took early priority with the objective of draw ing out some lessons for Ghana.

Finding 1: The era of development of the gas sector has largely influenced the use of gas at
early stages of the gas market

The price differential between different fuel sources has varied considerably with time, as has
the availability of technology and prospects for alternatives. This is particularly true in the
power sector.

The Netherlands first began expanding its domestic gas production at scale in the 1960s. At this
time gas was not a common fuel for power generation internationally due to the availability of
cheaper coal and oil and a lack of appropriate infrastructure and technology. Furthermore
nuclear power was expanding rapidly, expected to gradually take over from fossil fuel sources
in power generation, and the focus of government energy policy. It was not until after the oil
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crises of the 1970s, realisation of slower than expected progress in nuclear, and development of
more efficient CCGT plants, that gas became a more attractive alternative for electricity.

INTrinidad and Tobago, where the gas was target ecf
significant gas finds coincided with gl obal dem
Met hanol in the 19800s and LNG in the early 200

Conversely the more recent development of the gas sectors in Colombia, Turkey and (very
recently) Tanzania, have taken place in a world where gas for power, when reliably available
through pipelines, is a much more financially attractive option than fuel oil for generating
electricity .

Similarly the further decoupling of gas and oil prices in the last decade has enhanced the
relative attractiveness of CNG for transport when compared to petrol and diesel, as evidenced
in the popularity of the technology in Colombia.

Finding 2: A key driver for developing a domestic gas market has been the competitiveness
of gas compared to alternative fuel sources

How resource rich a nation is regarding alternative fuel sources for the various utilisation

options, has also guided the focus sectas for natural gas in each comparator country. For
example, cheap coal for power generation in Indonesia meant the urgency for establishing gas
to-power projects was initially lower than that in other nations, such as Ghana, where the
principal alternative s arelight crude oil, fuel oil and diesel.

Natural gas is similarly attractive for space heating, water heating and cooking when it can be
supplied to the residential and commercial sectors at a cost that is competitive with alternatives
such as LPG. Ths was an early driver in the Netherlands due to its cold climate creating
sufficient loads to support the economics of distribution networks and has been a more recent
driver of additional demand in Turkey.

The natural development of industrial clusters us ing gas for heat, or combined heat and power,
purposes has also been a feature of a number of the markets reviewed. Rather than occurring
through heavy -handed industrial policy , the price differential to existing fuel sources such as
RFO and LPG have helpd incentivise switching among industries located close to pipelines
and terminals. Textile, cement, steel and paper are common demand sources of this kind in
comparator countries including Colombia, Indonesia and Tanzania.

Trinidad and Tobago is an example of an actively steered Government industrial policy.
However this was due to the saturation of the gas to power market, significant reserves and
subsidised prices. Additionally the developments of Methanol a nd Ammonia plants in
Trinidad and Tobago occurred during a time when global competition in these markets was
lower and global demand was growing.

Finding 3: The power generation sector has been the prioritised off -taker of gas in the
countries with the most recently developed gas markets

Israel, Turkey, Colombia, Thailand and Tanzania are the countries in the presented analysis
with the most recently established gas sectors. All have prioritised gas use in the power
generation sector by supporting the development of gas fired power generation, developing
gas transmission pipelines and in some cases even provided subsidised gas prices. Besides the
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competitiveness of gas compared to alternative fuels, this was driven by very similar factors
facing Ghana today. These include:

1 Small to medium sized domestic gas resources or access to a wellliversified gas
supply mix;

1 High electricity demand growth and need for additional power generation;

1 The political willingness to use gas domestically and develop a gas market;

9 Electricity markets that were characterised by significant hydropower resources
with new hydro opportunities becoming saturated.

The benefit of prioritising gas for power generation has also been the resulting large and
concentrated volume of offtake. This has made the development of gas transmission
infrastructure easier and more financially viable.

Finding 4: Key obstacles in developing domestic gas markets over exports have been shown
to be pricing issues, credit worthiness of gas or power off takers and slow infrastructure
develop ments

Two comparator countries developed their gas sectors almost exclusively on exports: Indonesia

and Nigeria. In both countries this route was enforced by a mixture of the relative economics,

poor domestic infrastructure & regulatory frameworks, and a reliance on International Oil

Companies (IOCs) to undertake upstream production. By allowing for an initial focus on

exports, I0Cs could be incentivised to invest in upstream production with the host
government sd attention on the potential fiscal t

In Indonesia the main source of domestic non-power sector demand, fertilizer, was subsidised

putting pressure on gas supply prices and further reducing the attractiveness of serving the
domestic sector. More recentl y auvuviddomestcgasuseand st
particularly in the industrial sector, has been initiated by raising regulated prices to increase

returns while also implementing a Domestic Market Obligation (DMO) on producers.

In Nigeria , the economic case for the domestic use ofgas is much stronger with a desperate
need to develop more gas power plants rather than use the expensive fuel oil on which many
power plants are currently running on. However, suppliers are hampered by the poor
performance of Ni ger iwar@ectorsvatmaelsvt cost regylated taaffs ahd p o
poor revenue collection rates, leading to a lack of credit-worthiness.

Tanzania and Thailand have indicated the reverse approach to export-led development.
Tanzania held early discussion on its gas utilisation master plan focusing on establishing a
preference for domestic utilisation options over exports but without underpinning economic
analysis. While prioritising gas to power, the poor performance and financial position of the
power sector is hampering up stream suppliers, which is a situation Ghana could well be facing,
unless the power sector is reformed.

Finding 5: Government subsidies to kick start industrial domestic use have in most cases
proven to be neither successful nor sustainable, apart from the transport sector where
government support proved vital

The comparator countries have adopted a different level of proactive industrial policy in

directing priority end uses for natural gas, particularly regarding specific strategic large -scale
industrial options.
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Colombia has developed its gas sector largely without any such policy with the exception of
subsidies to CNG transportation. These have helped overcome the initial higher capital spend
associated with CNG vehicles which is frequently cited as a key barrier to expanding the
technol ogyf6s mar ket p e-ruedconantics supporteswitehimg.when | ong

More blunt tools for encouraging domestic industrial demand have been used in Indonesia
through its DMO and historically via supplying the fertili  zer industry at reduced prices. Nigeria
has similarly identified a number of strategic industries claimed to have high economic
multiplier effects for future development.

However, in all countries assessed,except the Netherlands and Trinidad and Tobago wh ich
developed at a much earlier date, the general power sector has taken priority over such strategic
industrial sectors with positive results wherever the regulatory and institutional frameworks
have been sufficiently supportive.

Finding 6: The developm ent of a domestic market and the secure demand it provides,
encourages continued exploration activity which can result in significant enhancement to
proven natural gasresources

Key reforms in the upstream sector of Trinidad and Tobago together with attrac tive pricing
arrangements and favourable fiscal terms have resulted in exploration and production
increases in the |l ate 198008s and 199006s. Expl or
strategy to focus on LNG expotheé kicrative gladbdd LNGhg e x p
market.

|l srael s gas mar ket started with the devel opment
owned power utility, Israel Electric Corporation, ensuring low risk demand by guaranteeing

investment through the signature of long term gas purchase contract. The development of this

domestic market (also temporarily supported by imports from Egypt which were halted), had

a feedback effect on the upstream industry, giving momentum and encouragement to further

exploration activit y. This resulted in the discovery of large Tamar and Leviathan offshore fields

and Israel is expected to soon become a net exporter of gas. By facilitating complementary

growth in both the upstream and downstream markets, the risk for new investments in ei ther

is lessened helping accelerate that growth.

2.3.3 Lessons for Ghana

The above review demonstrates that although there is no single preferred pathway for gas
utilisation in a newly developed market, key lessons can be drawn out that should guid e
Ghanaian policymakers in developing Ghanads gas

1 The power generation sector has been the primary off-taker of gasin all countries
where (i) the alternative power generation fuel was fuel oil, (ii) power demand
was fast increasing and (iii) hydro power potential was exhausted and insufficient
to cover growing domestic demand.

1 Toensurethegasto-power sectords devel opment can ke
incentivise necessary investment, the regulatory framework to ensure financial
viability exist s for all parties is paramount. This applies to both the electricity as
well as the gas sector. Cost reflective tariff and pricing, institutional and
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regulatory certainty , and ensuring gas security of supply have been the main
features acting as gasto-pow er demand drivers.

1 Gas transmission networks have been developed on the basis of large loads from
power generation or large industrial users. The development and planning of such
a network was typically vested in a state owned gas company. Financing was
mainly provided through government or donor support.

1 Residential and commercial demand has only been a focus in nations with cold
climates which provide an adequate ratio of average to peak loading on urban
distribution networks to make their development fi nancially viable. As Ghana
does not have such a climate, experience elsewhere would suggest this is not an
utilisation priority.

9 Industrial usage has appeared most successful where it has grown in incremental
fashion rather than voadfoodgstomi sl teltnt o W
industrial policy. Textile, cement, steel, and paper provide notable supplementary
low -risk demand in many markets assessed where economic rationale for gas
usage was the main driver. Fertilizer has also been a common demard source but
has required subsidy in Indonesia and Trinidad and Tobago.

T Col ombi ads experience with CNG vehicles d
support, demand growth in the transport sector can be strong, although any
subsidy should be carefully targeted at specific market barriers or failures (e.g.
inability to make initial capital spend, lack of infrastructure, relative level of
environmental damage) to ensure market distortions are minimised.

1 Lastly a focus on exports has helped incentivise I0OCs to invest in upstream
production in Indonesia, Nigeria and Trinidad and Tobago. However , the lack of
a robust and transparent institutional and regulatory framework coupled with
significant price differentials between domestic and international markets h as
unnecessarily hindered the natural development of domestic demand alongside.
The approach of the Netherlands, Colombia and Israel whereby exports are one
option considered on their relative economic merit would appear a more sensible
model for Ghanatoc onsi der . I ndeed | srael 6s experie
supply, the early development of a domestic market can help encourage further
exploration activity and the potential of greater future finds.

2.4 Recommended Gas Utilisation Options

Based on the dove, the recommended strategy for gas use is given belowdfor the consideration

of the Government of Ghana. The strategy is considered to be reasonably robust based on the
evidence from the three approachesof assessment: the review of previous utilisation studies for
Ghanads gas, international case studies and the
conclusions from these different strands of analysis can be summarised as follows:

1 Power generation represents one of the most economically attrective, low -risk

and urgent demand sectors for natural gas supplies. The financial viability of the
sector must be secured in order to incentivise supply and new investment.
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1 Cement Clinker production represents the second most attractive option, subject
to suitable location of sufficient limestone deposits for the utilisation of natural
gas, where gas pipelines could be economically extended.

1 The third priority may be gas for low -risk domestic -market focused industrial
clusters using cogeneration, i.e. combined use of heat and power , switching
from expensive alternatives such as fuel oil. This includes sectors such as the
textiles industry and paper industry. Depending on the loads, this demand may
be met through an offtake from gas transportation lines (for large offtakes) or local
gas distribution networks or via combined heat and power supplying a district
heating network.

9 Dedicated CNG vehicle fleets such as urban buses and taxis offer an attractive
potential saving on fuel costs in addition to the enviro nmental benefit.
Infrastructure, high capital costs and storage issues present barriers which may be
addressed by concentrating on dedicated fleets in specific areas (Accra in the first
instance) and providing financial support for conversion cost, possibl y recouped
through taxation on the CNG supply.

9 Strategic capital -intensive industries such as urea, methanol and aluminium are
a high risk option due to their high capital investment requirements, requirement
for low gas prices, and strong level of competition in globalised markets with
volatile prices. These are not therefore recommended as priority utilisation areas
during the initial stages of Ghanads gas s

1 Residential and commercial demand for gas through distribution networks is
commonly accepted to require space heating demand due to cold climate
conditions in order to be economically viable. In the absence of such demand in
Ghana and with the widespread use of LPG for cooking, this is not recommended
as a priority utilisation area fo r dry natural gas.

The above recommendations are compared to the prioritization indicated in the Pricing Policy
in Table 4.

Table 4: Prioritization of Gas Utilisation Options

Priority National Gas Pricing Policy Ghana Gas Master Plan
1 Power plants Power plants
2 Fertilizer Cement Clinker
3 Industrial Heating Industrial Co -genertaion
4 Other Petrochemicals CNG Vehicles
5 Others Methanol, Urea, Alumina

The quantitative support for th is Gas Master Plan recommendations for gas utilisation are based
on the netback value (or direct economic value), a review of likely risk and other barriers to a
sector 0s devel opment, and assessment of t he mu
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options discussed in Section6.3. They do not take into account other environmental and social
impact effects which are beyond the scope of thisanalysis. Nevertheless, it is worth noting that
the use of gas for the recommended highest priority 6 power plants d will replace the much
more carbon intensive burning of LCO or proposed coal.
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3.0 SUPPLY AND PRODUCTION PROFILE SCENARIOS

31 Overvi ew of Ugstheanm &assActivity

This section establishes plausible scenarios for the supply of natural gas in Ghana.
6Unconstrainedd6 production profiles are develope
available, if required to meet demand. More detailed supply -demand balancing of domestic

and imported gas is carried out using the GMPM and reported in Section 5.0.

Given the relatively early stage of development of upstream activity and the uncertainties on
both quantity and timing of recoverable resources, we adopt a scenario approach to future gas
production and supply. The scenarios take account of the high level of uncertainty relating to

fields not yet in production and the unknown date s when they may enter production (if

resourcesare commercially proven).

The review covers two broad categories of gas supply sources:
1 Domestic gas reserves and resources
1 Gas imports

Domestic gas reserves are based on the supply of associated gas from the Jubilee field which is
developed through a floating production storage and offloading unit ( FPSO).Other fields such
as the TEN which includes two oil fields (Enyenra and Ntomme) and one gas condensate field
(Tweneboa) are being developed. The TENfield is being developed through a separate FPSO.

Additional fields have been discovered by Kosmos in the Jubilee area dubbed the MTA
(Mahogany, Teak and Akasa). TheMahogany and Teak are oil and gas condensatefield s while
Akasa is an oil field. A non -associated gas discovery, the Sankofa field, has been appraised by
ENI and committed for development. Further more, the Paradise field discovered by Hessis an
oil and gas condensate discovery while the Hickory field also by Hess,is a gas condensate
discovery. There are also likely to be more resources (both non-associated gas and associated)
from undrilled structures.

Apart from gas supply from our indigenous fields , there is gas from Nigeria through the WAGP
and potential for LNG imports.

The data used for the domestic gas reserves and resourcegstimates aretaken from a number
of sources including:

1 Published reserve numbers from operator annual reports
1 Information provided by GNPC
1 Information from licensed field developers and operators
1 Assumptions for potential gasfinds

The data for imports is based on:

1 Information from WAGP on gasquantities
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1 Assessment of possible LNG imports
Three scenarios have been prepared based on the aboveusnmary of reserves and resources:
1 Basesupply scenario
1 Low supply scenario
1 High supply scenario

The following sections discuss each resource based on current information about the status and
development of the fields and prospects.

3.2 Domestic Gas Reserves a nd Resources

An offshore activity map is shown in Figure 9. The most significant feature of the map is the
Jubilee oil field located in the western section of Ghanad &xclusive Economic Zone (EEZ),
currently in production. A fraction of the a ssociated gasin the production stream is consumed
on the FPSOand a portion re-injected for reservoir pressure maintenance while the rest is sent
onshore to the Atuabo Gas Procesing Plant. The Tullow block which covers the TEN fields is
shown to the west of the Jubilee ail field, adjacent to the border with Cote dd | voi r e

\ Figure 9: Ghana Offshore Activity Map

Offshore Acreage Map

Projection: UTM Zone 30N
Spheroid:WGS 84

Source: GNPCNovember 2015

To the east of the Jubilee field is the KosmosBlock which contains the MTA fields. These fields
would be developed and produced using the Jubilee FPSO. To the south of the Jubilee field is
the Hess Block which contains seven separate discoweries. The ENI Block is to the eastof the
Jubilee field.
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