ENERGY COMMISSION, GHANA

2018 ENERGY
(SUPPLY AND DEMAND)
OUTLOOK FOR GHANA

April , 2018



Executive Summary

TheEnergy Commissiom fulfilment of its mandate under the Egg Commission Act (Act 541,

1997) presents supply and demand forecasts for electricity, crude oil, petroleum products, natural
gas and charcoal for the year 80Factors that coulthfluence the demand and supply are also

discussed.

Electricity

1. As at the end of 2017he installed electricity generation capacityavailable for grid
power supply at the transmission leirethe countrywas abou#,310 Megawatt(MW) .
The installed capacitycreaseso 4,398.5 MWif primary embedded generatiorcluding
the two major solar power plants at the st@msmission(distribution grid) level are

added. This was about6% expansion ovethe installed capacity iR016.

2. Total grid electricity generation in the country including the embedded genefatiaa
14,069Gigawatthours (GWHh, comprising 39.9% hydro, 3 thermal and abo@2%

solar power. It was about 8#more than in 2016.

3. Includingimports,thegrid electricityat thetransmissior’ level, wasaroundl14,309+1%)
GWh comprising dout5,616 GWh(39.2%) from hydro generatioB,373 GWh(58.5%)
from thermal generation and abo820 GWh (2.2%) of import. It was ut 4%

improvement ovegross transmission 2016.

4. Pe& loadon the transmission grieixcluding expoft i.e. the maximum capacitytilized
within the countrywas2,077 MW, roughly4% morethan in2016.Thesystem(maximum
including exporty peaki.e. the maximum capacity utilizezh the transmission grias
2,192MW , which wasabout6% more than ir2016

5. The total dependable gricapacity(3,890 MW) in 2017 washusin excess ofabout
1,70(MW (£3%).

li.e. Trojan (44 MW), Genser (22 MW), BXC Solar (20 MW) and VRA Solar (2.5 MW).

2j.e. Trojan, Genser thermal plants and the-igd solar plants

3i.e. does not include embedded generation and solar since they are at the distribution grid level.
4 Referred to as Domestic Peak Load by some of the utilities



10.

11.

Captiveor seltelectricity generatiorplants which have been installed alternative or
backup to thegrid supply was estimated at aboud(®) GWh Thisis roughly equivalent
to the output of ahermal planbf about 500 MWtapacity depending upon its conversion
efficiency. The usage was largely by nogsicential and industrial consumers

In 2017, he average electricity engser tariffwas 76.4 Ghp (17.5 US cents) per unit of
electricity (kilowatthour), adrop from81.7 Ghp (21 US centgger kilowatthourin 2016

Enduser tariff since the previous load shedding in 2007 to the beginning of theaterst
load sheddingn 2012 averaged up to 11 US centslplewatt-hour KWh) whilst theend-
user tariff from 2013 to 2017 averaged 17 US cents per kWh.

The relatively high endiser tariff is likely to have contributed to tegnificantsurge in
theinstallation ofalternative ocaptive or sekelectricitybackup generation largely kthe
non-residential and indussai customers of the utilities The said customers apparently
found the self backip generation more cesbmpetitive compared to theid as their
cumulative electricity consumption units exceeded 300 units per rdoritig the yeaand
thus making it more attractive for the switch ahttbonsumptionlevel. If this trend
continues, it could worsen the income and profitability of the existing electricity utility

companies.

For 2018,the average electricity endser tariffis expected talrop further to 1315 US
cents per unit kilowathour) equivalentSuchis expected tonake the grid electricitynore
cost competitiveand invariably more attractive to patronise than their hgcieneration
and consequentiynprovesits affordability The intended reduction wouwimultaneously

redu@the excess grid capaygi

With the Gover nméDbPtgiowth qf 6.899° and pagicularly5et-&%
(non-oil growth), t he total electricity required

in 2018 is expectetb be as follows:

5The World Bank and thiBMF projects8-9% for Ghana for 2018.
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a) 16,300-17,200 GWh (with VALCO constrainedo operate at most two potlines
Expected peak capacity demand reciinuld lie within2,150-2,300 MW. Average
End-User tariffto make it realized should be witHif& centd4-15 per kWh.

b) 17,236 -18,400 GWh (with VALCO constrainedo operate at most two potlings
Expected peak capacity demand reciinuld lie within2,200-2,400 MW. Average
End-User tariffto make it realized should be witHif&§ cents 3-14 per kWh.

c) 18400-19,500 GWh (with VALCO to operate at most, two potlineSxpected peak
capacity demand requatevould lie within2,400-2,600MW . Average EneJser tariff
should be withirtdS cents 1-13 per kWh.

All the three scenarios aeehievable provided the followireye accomplished

There is adequate financial resoutogprocure all the fuel needed to run the thermal

power plants even at higher utilisation fact@sd

Average eneusertariff is reduced to withii0-15US cents per kWh.

Fuel for Power Generation

12.

13.

In 2017, total cas flow to the thermalpower plantsroseto about43 million mmBTU
(43,360 mmscf), almost60% morethe supplyof 2016 only about % coming from
Nigeria (L8% in 203) via the WAGP and the remainii§% (82% in 2056) coming from
Ghana Gas, i.e. th&tuabo gas processing plafthe average daily flow were about 30

mmscfd WAGP and almost 81 mmscfd from Ghana Gas.

For 2018, total gas required for power generation would be alf6@smillion mmBTU
largely coming from the local field¥.he expecedaverage WAGP gas flowould be 60
mmscfd throughout the yeawhilst an average df50 mmscfd could come fom Ghana
Gas during the first half of the yeakdditional gas is expected from tt@ankofaGye
Nyame fieldsduring thesecond halbf the year and that could boost average supply range
to 200-300 mmscfd during the second halbf the yearHowever capacity limitations at

the metering stations could restrasterage voluméow to only 120 mmscfdif expansion

work at the delivery statnsis not completed by end of the year.



14. 1n 207, theaverage delivery price of the WAGP gas wa$88mBTU ($8.92/mscf) and
that of the Atuabo gas was a uniform $8B#BTU ($9.17mscf) throughout the year.

15. For 2018, PURC has released a new aggtedadelivered gas price based weighted
average cost of ga®mprisingthe indigenous gas, WAPCo and the expected LNG in the
country by 2020.

16. With this PURC mandateghe computednew adjusted weighted average cost of gas
(AWACOG) for 2018 given as$7.29mmBTU ($7.568mscf) would be the uniform
delivery gas price foboth WAGP and the Atuabo gas tbe year

17. In 2017, total cost of gas for power generation was al®&s million .

18. For 2018 the total cost of gas for power generation is estimated toatmstst $490

million .

19. In 2077, light crude oil {CO) consumed by the thermal power plants for grid power

production was about.7 million barrels.

20. For 2018, it is estimate thatthe LCO requiredor power generatiomwould be dmost3

million barrels.
21. In 2017, the average delivery pritef LCO for power generation w63 per barrel.

22.  For 2018, it is expeced thatheaverageadelivery price of the light crudeouldincrease to
about$75per barrelThe total cost of LCO required would thus be al®225 million .

23. In 2077, total diesel consumed by the thermal power plants for grid power production as
well as for starting and switching off the plants was about 400 thousand barrels.

24.  For2018, it is estimate thatthe diesel required largely for the samercisewould drop
to just abouflO0thousandbarrelsandusagdimited largely for starting and switching off
the plantsdue to expected improvement in supplygals and LCO which areheaper

alternative for power generation.

25. In 2017, the average delivery price of diesel was al$8dtper barrel.

8i.e. including transportation and treatment.
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29.

For 2018, the delivery pricewould remain about the same as in 2dLié tothe relatively
reduction in the cargo shipmeabmpared to the previous yeai&he total cost ofthe

requireddiese would be around8.4 million.

HFO is the fuel being used by the Karpower Barge and the AKSA power plant for power
production. In 20Z, HFO consumedwas about 3.6 million barrelsand at an average

delivery price was $55 per barrel.

For 2018, it is estmated that the HFO requiredvould be about3.2 million barrels
(454,400 tonnekat an average deliveprice of $58 per barrebringing the total cost of
supply to arounds184 million. The 5% incrementvould largely bedue to expected

improvement in fuetuality.

In all, out$900 million would thus be needed to proctwel for grid or publicelectricity

generation.

Crude oil and Petroleum products

30.

31.

32.

33.

Ghanats oil production in 2017 was about 5
commercial fields Jubilee (55.8%), TEN (34.9%) and SankGge Nyame (9.3%)

compared to about 32.3 million barrels in 2016, representing an increase of about 81% over

the previous year. Average daily production for the year was about 175,000 barrels against

the targetegroduction of about 250,000 barrels.

In 2017, crude oil production from the Jubilee figfttreasedo about33 million barrels
from about 27million barrels in 206. Corresponding daily productidrowever dropped
from anaveragenf 94,200barrels in 2016 to 91,382 barrels in 2017.

For 2018, average crude production from Jubiliselikely to increase marginallgtay
within 95,000-105,000barrels per day

First oil from the TEN field was in August 2016. Total production for the year was just
over 5 million barrels.Total productionrose to 20.4million barrelsin 2017 with
corresponding average daily production of about 59,300 barrels from 23,600 barrels in
2016.
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41.

For2018 average daily crude production from the TEN fisl@xpected to increase from
59,300 barrels to the range ®,00075,000barrels per day.

The year 2017 welcomed the first oil from the Sankef@ Nyame fieldoccurring in May

startingwith an average daily production of about 12,000 batitetee third quarter when

it increased to 18,000 barrels, then to 36,000 barrels during the last quarter of the year
Total productionfrom May to the end ofhe year was about 5.5 million barrelgh an
average daily producti on of targenfelda0650,800 000 b

barrels per day

For 2018 the Sankofa field average daily crude production is expected to increase from
the 25,000 barrels to the range38f000-40,000barrels per day.

In 2017, the average purchase price of Brent crude on the global marketb@dspér
barrel, ®out 20% rise from that of 2016.

For 2018, the average price at which Ghana would source Brent crude is expected to
increase from $4.6 per tarrel in 207 to $69-71 per barrel. The average price for other
light crudes for refinery operations would increase fr@8 fer barrel in 201% within

$63-64 per barrel. Average delivery price for light crude oil for power generation would

increase fron$63 per barreto $71-75 per barrel.

In 2017, crude oil from the Jubilee fielbas sold at52.8 per barrel. Average prices of
Jubilee field oil in 2016 and 2015 were around $40 and $51 per barrel resp&clinese
of the TENand theSankofaGye Nyamefields in 2017weresold at an average price of
and $49.3and $48oer barrerespectively

For2018, average oil price from thiubilee fieldis likely toincrease further t§68-70 per
barrel whilst tloseof TEN and Sankofdields would also rise buboth wouldrangefrom
$63-65 per barrel.

In 2017, total petroleum products pumped into the economy was arcbindlBon tonnes,

an increasdrom 3.3 million tonnesin 2016.

7 Also called OCTP (Offshore Cape Three Point) field
8 TEN and Sankofa fields production in 2017.
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Also in 2017, here vere significandropin diesel and kerosem®nsumptiorwhich could
be attributed to theormalisationof grid electricity supplyafter about threeonsecutive
years of acute loagheddingwhich made diesel generators and kerosene laagplsack
up and alternative sources tbg-gap electricity and lighting respectivelfowever, with
the increasing reliability of the grid supply, such usersettering tothe grid even though

slowly due to the relatively high incasesn tariff since 2018

For 2018, total petroleum praactsrequired wouldstill range from3.7-3.9 million tonnes
equivalent to670,00075,000barrels per stream day refinery capagitst as projected for
2017 It would still largely comprise gasolingbout $-36% and diesebf about54-55%

(excluding products directly destined thegrid power generatig plants.

In 2017, LPG supplied waalmost 359000 tonnesabout27 percenthigher than in 2016
Almost about6% wasimportedjust as in 2016About 31%wasproduced locally buwith

almost all the supply coming from the Atuabo Gas Processing Plant which is producing
LPG as byproduct from processing the wet associated gas frorfotaé¢fields into dry

gas largely for electricity generation There was virtually no supply fromiema Oil
Refineryas itwas shut dowrduring some periods of the year to allow retrofitting and

expansion works at the facility to be completed.

Some LPG was exported (11%) for the second time since 2009, about 3% more than in
2016.

For2018 howeverth e Gover nment 6 s(598% n®dgl) fGrohe yegrwauld t h
require 390,000400,000 tonnesof LPG of which over40% is likelyto come from the
Atuabo gagrocessinglant. mportscould still dominate since TOR is not likely to operate
at full capadiy largely due to financial challenges. Theréhis growing demantbr LPG

as cooking fuel ilnomes and particularly as transport fuel.

9 End-User tariff since the previous load shedding in 2007 to the beginning of the most recent in 2012 averaged 10
US cents per kWh whilst EAdser tariff from 2013 to 2017 averaged 17 US cents per kWh.
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Charcoal

47.
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In 2017, the average prices of charcoal in the coufdtpwed the historical increasing
trend; for the mini-bag?, it roseto a little overGH¢25 from aboutGH¢22 in 2016 whilst
for the maxibag, it was from abouBH¢35 in 2016 to aboutGH¢38. The 2016 price
increasshowever werabout 206 for themini-bagbut just about & for the maxibag a
kind of a reere from 2015 to 2016 where it averaged just about 5% for theb@gand
about21% for the maxibag

Greater Accra andAshanti regions experiencka moderate increase @bout 16%
compared té®-10% projected for the yealhis could be due to relatively adequate supply

of LPG as alternative cooking fuel in the regions.

As usual, the higiprice zonewere alongthe coastHowever unlike the previous years,
Northern and Brong Ahafo regions largely referredgsthe Savannahoneof the country
experienced the highest price hikes in the case of theba@)iit was on the average
cheaper buying the makiag in these regionagain, there was another tuamound; unlike
the previous years, the Upper East bipgherWest regiongxperienced significant drop in
prices for both the miniand the maxbags during the year.

For 2018, it is estimate that the average charcoal prinerement to remain within-50%
for both the mini and the maxi bags the coastal areas of Central, $#n and Volta

Regions. Greater Accra would experiengeiaeincrementof 12-15% in 2018

Nationwide, wemaintain theaverageprice rangeof 5-10% for both bagsdue to the
continues improvement o¥ailability of LPGin the country but the relativelypéreasing

high cost is a key challenge for users interested to shift to the latter fuel for cooking.

0 For the weights and classificatiogesAnnex 5
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Recommended Actions

Ameliorating the overall power supply shortage

52.

53.

54.

55.

56.

57.

58.

For 2018,the Akosombohydropower plantvould be required to operatethree turbine
units during the Off-peak andup to four turbines during Peak periods.This mode of
operation is expected to ensure that the reservoir level is kept @sore@nimum

operating levelof 240ft (73.15m) by theend of the dry season

Kponghydroelectic station which is currently undergoing retrofitpuld continue to run
three out of the four total installed turbine units. Consequently, the total average plant

output atheKpong Statiorwould remainat 105 MW.

Bui hydropower plant isxpectedo operate an average of two turbine units throughout the
year. This mode of operation would lead to a projected annual production of 75&r&\Wh
is expected to ensure that its reservoir level would be about 5 metres abtargeits
minimum level of 170 me&shigh compared to its 168minimum operating levelt is
estimated that for continuous and sustainable operation of the Bui Power Station for
2018and for the subsequent years (in the likely event of low inflave)reservoir level

at the end of the dy season of 2018 should not drop belowts 170 melevation

For 2018, a a result of theperationf the threehydrgpower plants, theexpectedotal

annual electricity generation fronydropower wouldhot exceed000 GWh.

Failure to adhere to the plan br hydropower production could significantly

compromise reservoir integrity for subsequent years.

Crucial requirementfor reliable power supplgrethe availability of the requireglant

capacitiesquantities of fuel and funds to purchaserguiredfuel in a timely manner.

Inadequacyfuel when it is requireéhind gas pricingemain the major risks to reliable
electricity supply in Ghandl'he presentnistalled capacity is capable of generating over
20, 000 GWh, whi ch i s e n otucigyhrequiremenmiactudingt h e
supressed demand, should there be adequate artbogsttitive fuel. The key challenge

howeveris competitive grid electricity tariff.

c



59.  The fuel supply challengalsohas to do with fundindpesidegechnical constraints. i
therefore necessary to arrange to secure the needed funds to purchase the needed quantities

of fuel on time.

60. Furthermorethere is also the need to pay off any indebtednessftel suppliers so that

the required volumes would be obtained for thermakgationtimely.

Cash Waterfall Mechanism

61. Arrears and debt situatialongthe power supply value chainse from a littleover $1
billion by end of 20160 over $2 billion by the middle of 201¥ost of the debweredue
to shortterm loascontractedp t he power producers and the
to collect adequate revenue to cover their operati®asistent untimely and insufficient
payments for gas delivered also contributes to the huge debt burdens of thetgjkeroff

most ofthem public entities.

62. In order to address the chronic debt challenges afattitdate equitable distribution of all
cash collected in the power sector value chain using the end user tariff as thba&3ash
Waterfall Mechanisn{CWM) concept was instituted in 2016.Wasto beimplemented
through thedevelopment of a formula, for adequate distribution of revenue to all
stakeholders in the power sector value chdime implementationof the CWM was
deferred to 201Because of delays in tlagpects ofhe interutility debtand modalities for
the implementation-However,over a year on, thEWM has still not been operational.

Achieving 50% nationwide penetration of LPG

63. National LPG penetratiorateincreased fron%% in 2000 to 18% in 2010 amslcurrently
around 23%. The sector ministry is targeting 50% penetration B 0t it is not likely

to be achieved limited distribution outlets nationwidemain the same

64. This can however be achieved by implementirgyrtteasures to support and accelerate the
supply and use of LPG outlined in the Energy Sector Strategy and Development Plan, and
the LPG Policy Paper. These include:



65.

66.

(a) Deliberate government policy to make the LPG produced available for local

consumption asgainst export;
(b) Removal of price distortionsvhich has already been dane

(c) Re-capitalisng Ghana Cylinder Manufacturing Company (GCMC) to expand
production capacity with the production of cylinders focusedsmall sized
cylinders thatvould be portable amhaffordable to households in rural communities
which is also orgoing GCMC has recently taken delivery of new equipment which
is expected to boost its current daily production of 1,500 to almost 4,000 cylinders.

(d) Construcing LPG storage and supply infrastructure in all regional and district

capitals in the long term

In this light, the Ministry of Energy and the National Petroleduthority need to
consider investment incentivego encourage the Oil Marketing Companies attteio
interested investors to set up more LPG storage and distribution centr@sniny to

increase access and consumption.

Also, deliberategovernment policyiot onlyto make the LPG produced available for local
consumption as against expdoit producing LPG adequately to cover both local
consumption and for exporttaking advantage of the market opportunities within the West

Africa subregion.

Expanding Crude QOil Strategic Reserve

67.

68.

Fuel supply security and erratic fuel prices have compelled countries to set up strategic
stocks both for crude oil and refined products. Crude oil storage however, has the
comparative advantage of far longer lifespan and could even be indefinite depgrating
the blend and statélany developed countries hagech storage mix and for OECD

countries, minimum of six month storage is mandatory

The Commission would continue recommend for the inclusion of crude oilin the

countryds strategic reserve.

Xi



Expanding crude refining operations

69.

70.

Equivalent of 70,00r5,000 barrels per stream day refinery capacity would be required to
enable the country meet its projected economic growth f@.2Ddma Ol Refinery (TOR)

currently undeigoing some rehabilitation and expanswurks is therefore commendable.

However, low apacity utilisation of TOR which has not made the facility profitable to
operate in the past should not be lost in sight in future operations tstiligepenénton
the production configuration. Profit could start emerging as the capacity utilisation

increasesin most cases 90% and above
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Foreword

ENERGY COMMISSION has the mandate to prepare, review and update periodically indicative
national plans t@nsure that reasonable demands for energy are met in a sustainable manner. In
addition, the Energy Commission is mandated to secure and maintain a comprehensive data base
for national decision making for the efficient development and utilisation of emesgyrces
available to the nation. Energy Commi ssionb6s |
rules of practice for the production, transmission, wholesale supply, distribution and sale of
electricity and natural gas.

In fulfilment of its mandates,the Commission has been preparing annual energy demand and
supplyoutlookto provideguidelinesto the energy sector operators and potential investors as well
as the wider business community wishing to operate in the country. The purpose of8he 201
Annual Energy Outlook therefore is to give government, industry and business, indications of the
levels/quantities of electricity, liquid and gaseous fuels that would be required tovidegrby

the energy producers for this year.

This document covexdemand and supply of electricity, crude pitroleum productsatural gas
as well axharcoal

I n the document, O0Demandd is used when referr
sector, e. g. Residential, Commemenab, i er Sungp
Generation/Productioplustransmission/transport losses.

For further elaboration, please refer to Annex 1 of the document for a schematic overview of
Ghanabés Energy Demand and Supply System.

This report was prepared by the Strateglanning and Policy Déctorateof the Energy
Commission.

General questions about the report should be referredrto A.K. OfosuAhenkorah

(oahenkorah@energycom.gov,gahenkorah@gmail.comthe Executive SecretarySpecific

guestions about the content may be directed to Dr. Joseph Esséeuitin
(essandohyj@energycom.gov, gieyeddu@aeail.con), Director for Strategic Planning and
Policy.

Your comments are most welcome.

A. K. Ofosu-Ahenkorah

Executive Secretary
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Gross Domestic Produgtieasure of wealth of an economy c
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Liquefied Petroleum Gas

Solar Photovoltaigpanel technology for electricity via solar «
sunshine

Gigawatthour, i.e.million units of electricity

Kilowatthour, i.e.one unit of electricity

Megawatthour, i.e. thousand unit of electricity

Natural Gas

Liquefied Natural Gasjatural gas liquefied about 600 times
Million British Thermal Unit;an energy unit for gas flow

Thousand standard cubic feet per day/ Thousand standard
feet per daya volumetric unit for gas flow
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Billion standard cubic feet per day / Billion standard cubic -
per day;a volumetric unit for gas flow
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Independent Power Producer

Bulk Oil Storage and Transport company, a state comj
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Electricity Company of Ghana, a public power distributor
Takoradi Thermal Power Company, a public power geners
Takoradi International Company, a public power generator

Tema OIl Refinery, the only crude oil and public refineryhe
country.

Volta River Authority, a public power generator
Volta Aluminium Company, a smelting company
West African Gas Pipeline

West African Gas Pipeline Company
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1.0 Power Subsector

1.1 Overview of Grid Power Supply in 2017

Installed generation capacityavailable for grid power supply at the transmission level as at the
end of 2017 was abodt310Megawatt (MW).See Table 1

Table 1 Installed Grid Electricity Generation Capacity operational as of December 204

capacry o e o
g 2 g =
GENERATION PLANT FUELTYPE | BE | | 2% | 32 . J3| %
geg | = | 28|/¢8g| 5 |£%|2%
Hydro Power Plants ~ Akosombo|  Hydro 1,020 900 | 505 | 4282 | 305 306
Bui Hydro 400 340 | 205 582 | 41| 42
Kpong Hydro 160 140 115 752 5.3 5.4
SubTotal | 1580 32'2@7 1,380| 825 | 5616 | 39.9| 402
Thermal Power Plants!
Takoradi Power Compar(TAPCO) | OilING 330 300 | 200 | 68 | 49| 49
Takoradi Inter. Company (TICQl  Oil/NG 340 320 | 260 | 1880 | 134 134
Sunoii Asogli Power (SAPP) NG 560 520 | 1g0 | 1417 | 101} 101
Kpone Thermal Power PIitTPP) | Oil/DFO 220 200 | 20 124 | 09 | 09
Tema Thermal Plantl (TTIF  Oil/NG 1102 100 | 70 365 | 26 | 26
Tema Thermal Plant2 (TT2H  OilING 80 70 1 0.5 0.0 0
CENIT Energy Ltd (CEL)|  OIlING 11012 100 | 30 59 | 04 04
AMERI NG 250 230 | 200 | 1229 | 87 | 88
Karpower HFO 470 450 | 225 | 1814 11297 130
AKSA HFO 260 220 100 799 57 57
Subi Total | 2,730 | 63.3 | 2510 | 1,286 | 8,373.5
Trojan* |  Diesel/NG 44 40 30 52 0.4 -
Genser* Coal/lLPG 22 18 0 0 0 )
Subtotal (including enbedded generation 2,796 | 63.6 | 2568 | 1,316 | 8,425.5| 59.9
Renewables* VRA Solar Solar 2.5 1.5 1.5 3.0 0.02
BXC Solar Solar 20 16 10 25 0.18
Subi Total 225| 05| 115| 115 28.0| 02
Total (including embedded generation Solar) 4,398.5 3%6 | 2,198 14,069
Total (excluding enbedded generatioand solaj 4310 389 | 2,156 | 13.989

NG is Natural gas* Subtransmission grimary enbedded) connectioffIncluding embedded generation and solar.

LI TAPCO is Takoradi Power Company, a combined cycle (CC) thermal plant; TICO is Takoradi International
Power Company, a single cycle (SC) thermal plant.
12Nameplate as licensed by Energy Commission is 126 MW.
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It totalled4,398.5MW if primary embeddedjeneratiorincludingthe listed solar plants at the
subtransmission levedreincluded. This was abodit6% e x pansi on over | ast
19% increment from 2015 to 201Bhedependable capacityon the other hand wadmost20%
more than in 2016see Tabld).

The 20 MW BXC Solarand the 2.5 MW VRA Solar argrid-tied plants connected at the
distribution leve| just as thélrojan and the Genser power plants.

The Genser power plant however, even though commissioned in 2016 still did mot2Q4y,
due to uaconcluded negotiations between the operator and thaksf before the year ended.

The grossyrid generation in the country including thmbeddedieneratioff in 2017 wasl 4,069
Gigawatthours (GWh), about 8% more than in 2016, comprising 39.9% hydro,988 thermal
and abou0.2% solar power.

y e

Without theprimaryembeddedy e ner at i on, the countr y®B®989gr oss

Gigawatthours (GWh), about 828 more than in 2016, comprising 40.2% hydro, 59.8% thermal
power.

Grid electricity made available fa@ross transmissiof®, during the yeahoweverwas around

14,309+1%) GWh consisting of aboub,616 GWh(39.2%)from hydro generabin, 8,373 GWh

(58.5%) from thermal generation armbout320 GWh (2.2%) of import. It was almost 4.45%
improvement over 201&upply in 2016 was about 13% more than in 2015.

A total of 284 GWh of dectricity was transmitted tdogo and BeninGEB), comprising210.6
GWh power exports from VRA antB.6 GWh wheeled fromd a C ot e ClH).AWoniti5t.5  (
GWh was also transmitted to Burkina Faso (SONABEL).

Total grid electricity supplied tthe country was aboa#,316GWh1®, comprising about 1.7% net
imports (247 GWHY, around 39.2% conventional large hydro (5,616 GWh), 58.9% thermal (8,373
GWh)!® and about 0.2% solar (28 GWHY.was abou6% increasever 2016.

Thenet grid electricitysupplied® was dout13,445GWh; about5.5(+2)% less than the minimum
projected requirememtf 14,000 GWh(with VALCO constrained at one potljie

Peak loacbn the transmission griexcluding export was2,077Megawatts (MW);roughly 4%
morethan in 208 but fell outside th&,2062,300 MW projected for 2017.

B This does not include embedded or captive haTkeneration.

14j.e. Trojan, Genser thermal plants and the-igd solar plants

15 Total generation (13,989 GWh) less total own use (1.2 GWh) plus total imports (320.4 GWés) not include
embedded gemation and solar since they are at the distribution grid level.

16 Total generation 4,069 + the net imports (247) GWh less export:

7 Total imports (320) less wheeled from CIE to CEB (73.64)=247 GWh

18 Submissions to Energy Commission by GRIDCo indicatg8&3wWh thermal but the 2018 Electricity Plan (Page
12) reported 8243 GWh thermal.

19 Gross grid electricity less wheeled less exports less transmission loss.

202017 Energy (Supply and Demand) Outlook for Ghana, April, 2017. Page 13.

21 Referred to as Domtis Peak Load by some of the utilities
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Thetotal (maximum)systempeak on the transmission gifdvashowever2,192 MW, which was
about 5.5% more than in 2016.

Total power transmission logs 2017 wagt.1% of gross transmissioR,3 percentage point
lower than in 2016(see Table R

Table 2: Grid Power Transmission losses since 2008

Year | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Transmission losses as

. 3.7 3.8 3.7 4.7 4.3 4.4 4.3 3.8 4.4 4.1
% of gross transmission

1.1.1 State of the Generation Sources in 2017
The Hydro generation
Akosombo and Kpong

Akosombo was made to produce about 4,282 GWh against projected suppi§loGIVvh about
16.3% more than estimatéd

The Volta Lake started the year 2017 ael@vation 0f250.47ft (76.34m), about B5.47ft (4.72m)
above the minimum operating level of 235ft (71.6m).

Based on the reservoir leyélwasprojectedo operatahree 8) andfive (5) unitsatoff-peak and
peak period respectively. Howeyéte 2017 projection amdipated gas supply challengasdthe
then onrgoing maintenance activities on thermal units at Aboadzéhe first quarterand
recommendedhe running of siX6) units for the peakeriods Following the implementation of
the above planthe reservoielevation dropped to a minimum o#Q.09t (73.18m)which was
0.09ft (0.03m)above theprojected.Therecorded Lake elevation at the end of the inflow season
was 25340feet(77.24m)a rise 0fl3.31ft (4.06m)above the recorded minimuas against a rise

of 18.04ft(5.50m)in 2016 The corresponding total net inflow was 32.74 MA®hich is 2.74
MAF above the longerm average of 30 MARigurel shows the Akosombo reservoir trajectory
for 2017.

22 Ghana Peak load + Exports
23 Projected for Akosombwas 2681 GWh and for Kpong was 723 GWh in 2017 Electricity Supply plan, p4.
24 MAF is million acres feet.
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Figure 1.2017 Akosombo Reservoir Trajectory

The 207 inflow season for the Volta Lakdusended with the reservoir attaining a maximum
elevation of 25310ft (77.24m) This resulting reservoir rise of abautise 0f13.31ft (4.06m)is
thus what is to be manadje 2018until aboutbeginning of second quarter of the yedren the
next rains start upstream.

Kpong GS produced about 752 GWh in 2017; against projected supply of 723 GWHh}.4bbut
more thanexpected It operatedthree units throughout the year sinttee fourth unit was
undergoing retrofittingThis has reduced the total average available capacity of the dam from 140
MW to 105 MW.

Bui Hydro

Bui reservoir started the year at an elevation of about 175.87°rmadIdropped to 169.61 masl
in June 2017 due to ovdrafting of the laken the first quarteto makeup for power deficitn

the country. The minimum level attained was 0.99 masl| below thecpgdjeninimum of 170.60
masl for the year 2017. The resenaltained a maximum level of 176.71 masl and ended the
year with an elevation of 175,92 mabhe Bui reservoir trajectory in 2017 is shown in Figure 2.

25 masl is metres above sea level.



180

BUI RESERVOIR ELEVATION (PROJECTED
e VRS ACTUAL) 2017

178
177 i

)16 -~
VP
175
174
173
172

171

170

169

168
1-Jan 31-Jan 2-Mar 1-Apr 1-May 31-May 30-Jun 30-Jul 29-Aug 28-Sep 28-Oct 27-Nov 27-Dec

o— ) 4 we Cte o s— ¢ 1

Figure 2. Bui Dam reservair trajectory in 2017

The total generain was 581.79GWh compared to the projected of 840 G\WHhe lower than
projected generation was duethe overdrafting of the reservoin the first quarter of the year
forcing a revised strategy to control the drafting of the dam leading to a lower than anticipated
generation.

Thermal Generation

Total Installed thermal generating capacity athatend of 20X was abou®,796 MW of which
2,568MW wasthe Dependabl€apacity it dropped td.,286 MWmainly due to inadequate fuel
supply(see Table 1

Total gid electricity generated from the thermal plants ®@25.5GWh (8,373.5GWhif sub
transmission level plants are@ded which was about6% less thanvhatprojected for 207
and this was attributed to inadequate gas supply from the WAGBBGC’ (GhanaGag

262017 ElectricitySupply Plan, p4
27 Ghana National Gas Company



coupled with the inability of the thermal entities to purchase adequate liquid fuels to run the
thermal plantgust asit was in 201§see Figure 3).

Thermal Generation in 2017 (GWh)
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Figure 3. Total Grid Electricity Generation from Thermal Power Plants in 2017

Electricity Exchanges (Export and Import)

Power gport to Togo and Benin (CEB) reduced franmaximumof 120 MW in Januaryto an
average of 20 MW during the year. The two countries imported much of its generation needs
from Nigeria due tdaheir relatively low tariffsthe Ghanaian export tariff averaged 13 US cents
per kWh compared to less thhARUS cents per kwWh from Nigeria

A total of 248.2 GWh was transmitted to Togo and Benin, comprising 250.6 GWh from Ghana
(VRA)and 736 GWwheel ed from | a Cote délvoire (CIE).



Embedded and Distributed Generation

The sustained power crisis from 262@15 induced some sectors of the economy to invest in
captivebackup generation. Even though, the legltedding is no more, the relatively hiariff

have made@ne residential, commercial and industrial consurnerginue to strategically run
their generating sets as substitute for grid supply in order to minimize the cost of electricity for
their operations during some periods of their openat

As a result, electricity fronrembeddedackup generation in 2017 is estimated as 3,600 GWh
comprising 3,072 GWh from diesel, 420 GWh from petrol generation and 108 GWh froff. solar
This isequivalent to generation from about 500 MW combined cyeemal power planThenet

grid electricity supplied anembeddedbackup generation thus sum up to 145@Wh (79% grid

and 21%embeddedbackup).

Renewable Energy Generation

Renewable Energystallationshad seen a dramatic increase from about 3 MW in 2013 to about
43 MWp by end of 2017. Installatioly registered vendaiin 2017 totalled about 5 MW with
over 85% in gd-connected areas.

1.2 2017 Forecast and Actuals
For 2017, two scenarios were projectetig total electricity requirediould range as follow®:

(a) 18,100-18,800 GWh with peak capacity demand requirement estimated,800-3,500
MW (with VALCO to be operating at most two potlinelsthe average economiGDP)
growthratewas to fall within4.5-6.3%. Thegovernmenteconomic growtharget for 2017
was6.3%

(b) 16,80016,900 GWh with peakcapacity demand requirement estimate@,48)-2,500
MW (with VALCO operating at one potlihduttheaverageconomiq GDP)growthrate
would fall within 4-4.5%

28 A nationwide survey by Energy Commission and METSS of USAID, Ghana, December, 2017
29Vendors licensed by Energy Commission.
30that all things being equal



We indicated that botlcenarioga) and (b) are achievable provided the following were also
accomplished:

i.  Planned capacity additions for the year were timely completed and there were adequate
finance to procure all the fuel needed to run the thermal power plants even at higher
utilisation factors.

ii.  Average eneusertariff was reduced from abog0-21 US centgper kWh to withinl0-
15US cents per kWh.

Otherwise, whatould beachievablavould beas follows:

c) 15,61515,700 GWH? with peakcapacity demand requirement estimate@®,386
2,400 MW(with VALCO constrained at one potlindverage EndJser tariff within
US cents 10 per kWh; i.e. a bit lower than the Businasaisual.

d) 14,00014,500 GWhwith peakcapacity demand requirement estimate?,2002,300
MW (with VALCO constrained at one potliné\verage EneJser tariff within US
cents 2621 per kWh; Businesss-usual.

We emphasized thatcenariogc) and (d) wouldust improve the economic growth from about
3.7% in 2016 t@bout4% for 2017

The total grid electricity supplied in 20bhdweverfell within scenario (dprojection. Ezen though
the enduser tariff dropped to about 18 US cents per kWh, it wastiibenough to drive up the
electricity consumption

The projected grid electricity required for 2017 vi&s615 GWhcompared to the actual supply

of 14,247 ¢0.5%) GWh?2, a drop of 8% in the grid consumption which was largely due to
relatively high tariffs. This was because the industries found the usmlmdddedyeneration,

mostly diesel, to béess expensiven some periods of their operatiormrticulaly, when their
consumption exceeds 300 units during each mdidselpower plantsvhich constituted 85% of

the totalembeddedbackup generation had a median cost bpE06 per kWh as against averdge

grid electricity cost of Gp114 per kWhrange of Ghfp02163 per kWhand Gyp 146 per kWh

(range of Ghpl0-164 per kWh for Low-Voltage and MediuaHigh-Voltage Industries
respectively*. Petrol as backup was found to be most costly and thus consequently the least used
(see Table B

31 This range adapted from the joint Supply Plan V@RIDCo, VRA, Bui, ECG, NED and other power entities.
$214,17714,316 GWh. The minimum point was from 2018 Electricity Supply Plan, p13.

33 Note thatAveragecan beMean, Median or Mode depending on the shape of the distribution of the curve.
34 Energy Commission and METSS, USAID survey, December,2018
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Table 3: Average Unit Cests of Backup Generation of NorrResidential Customers in 2017

Embedded Percentage| Average usage | Average unit cost | Electricity tariff for
Back-up share hours per month of operation consumption above
Generator type (Ghp per kwh) | 301 units
I 0
. . = QS
Median | Mean | Median | Mean 3 =2 0
< 0 = =
= 2g
Diesel 85 14 50 106 116
Petrol 12 3 10 504 103 102163 | 100164
Solar 3 104 180 69 70

Source: Energy Commission and METSS, USAID swsvBgcember,2018
Forex conversion; G hshTnissSperial HoadsTarlf fodind@sBial custdth&r$

Thus the total electricity consumed in 2017 was ab@@45 GWhcomprisingl3,445 GWh net
grid electricity”® and3,600 GWhfrom embeddedbackup generation with the latter equivalent to
about500 MW capacity The corresponding Ghameak loaéf for the yeawas2,077MW but
including theembeddedbackup generation would ramp it to abd@;600 MW.

The 2017 total electricity consumptiondstine corresponding peak loagretherefore marginally
abovescenariqb) but belowscenariqa).

The nonroil economy growth for 2017 was%. The turraround econom growthratefrom the
3.7% (B for nonrroil) in 2016 and reaching 8.5%.9% nonoil) last year thus was largely due to
the higher global oil prices during the year compared to prices in*201llGe real econoin
activities (the noroil growth) however remained about the same as in 2016.

Fuel Supply Issues

Thus there was about 6% drop irdticity demand against what was projectak(Table ¥ Even
though, the drop in grid electricity demand also led to reduction in fuel demadeéguate stocks

of liquid fuels (LCO and diesehBt the thermaplantscompelled the hydro plants to be cgted
beyond (7%) the projectedde Table ¥ The total hydropowereservoir was ovedrafted to make

up for power deficit during the first quarter of the year arising from the gas supply shortfall from
Ghana Gas; an offset which could have been addreggedhermal generation to maintain the
integrity of the reservoirs.

35 Gross grid electricity less wheeled less exports less transmission loss.
36 Also called the domestic load
37$45-47 per barrel in 2016, but $4® per barrel in 2017.
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The thermal generation on the other hand dropped by 13% and was largely duedbitite of
the generating entitie® financefuel purchasesLow availability of LCO at Tema compell
CENIT power to suspend operation after the first quarter of the year.

Table 4. Projected and Actual Generation of the Power Plantg 2017

Generation
Generation Source Fuel type (GWh) Remarks
Projected‘ Actual ‘ Net
Hydro Power Plants
Akosombo|  Hydro 3681 | 4282 | 601 | Tomakeup
Bui Hydro 840 582 258 | forinadequate
Kpong|  Hydro 723 752 | 29 | thermalsupply
SubTotal 5,244 5616| 372
Thermal Power Plants®
Takoradi Power Company (TAPCQ QilING 1,258 686 72 Z?L:r;ﬁ(aizzggz
Takoradilnter. Company (TICO)| Oil/NG 1,983 1,880 | -103 Within range
Sunori Asogli Power (SAPP2] NG 1,477 1,417 | -58 Within range
Kpone Thermal Power Plant (KTP§ Oil/DFO 62 124 62 Back up
Tema Thermal Plantl (TTHp | Oil/NG 177 365 188 Back up
Tema ThermaPlant2 (TT2P)| Oil/NG 0 0.5 0.5 Fuel issue
CENIT Energy Ltd (CEL)| Oil/NG 154 59 -95 Fuel issue
AMERI | NG 1,619 1,229 | -390 Inadequate ga
Karpower | HFO 1,802 1,814 | 12 Within range
AKSA | HFO 1,174 799 -375 Fuel issue
Trojan* | Diesel/NG | 19 52 33 Cheaper
Subi Total 9,725 8,425.5| -1,299
Total 14,969| 14,042| -925.5

Thus about 9.4 million barrels of liquid fuels projected dropped to about 5.7 million baeels (
Table 5. Total of eleven (11) Light crude oil (LCO) cargoes projected reduced to befovedn

five cargoe®’. Heavy fuel oil (HFO) was destined for Karpower and AKSA plants with expected
12.2 cargo deliveries but with a slight reduction to about Withough, desel (DFO)is largely
used for starting and stopping the thermal plant ope&st@imost about a cargo procured went to
operate KTPP as a baclp plant and also to Trojan, a captambeddedjeneration.

38 TAPCO is Takoradi Power @apany, a combined cycle (CC) thermal plant; TICO is Takoradi International
Power Company, a single cycle (SC) thermal plant.
3% Based on a usual cargo size of 405,000 barrels.
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Except fol.CO where the actual pricgas abovéhe projected, prices of the liquid fu@lsrchased
purposely for power generatidall below he projecteda drop ofabout6.7% for the LCO and
23.8% for the diesel.

Table 5: Projected and Actual fuel used by thehermal power plants in 2017

FUELS
THERMAL GAS LCO DFO HFO
E(L)X\,/\E-RS 1000 mmscf 1000 x bbls
Projeded | Actual | Projected | Actual Projeded { Actual | Projected | Actual

TAPCO 6.508 | 4.234 | 612.808 | 171525 0.0072
TICO 7.981 | 10437 | 1,434.113} 671.133 0.901
AMERI 16.450 | 10.927
SAPP 3.868 | 8.775 | 1,540.179; 374.988
TT1PP 2.081 | 411.060  387.785 0.518
CENIT 356.970 | 129752 0.0038
TT2PP 0.005
MRP
KARPOWER 2,369.862; 2,467.959
TROJAN 135.889
KTPP 0.027 136.013} 248.050
AKSA 2,581.782} 1,127.038

Total | 34.804 | 36.488| 4,355.130; 1,735085 | 136.013| 384470 | 4,951.644; 3,594.997
De""eayszxj"; 60 63 90 g4 |72 55

The savings made on the drop in the HFO and the diesel prices were high enough to offset the
projected losses from the hikes in the LCO p(&ame Table 6)

Table 6: Savings in Cost due to Projected and Actual Price of tHeuid fuels in 2017

LIGHT CRUDE OIL DIESEL HEAVY FUEL OIL
Projected Actual Projected i Actual Projected Actual
Price US$/bbl 60 63 90 84 72 55
Barrels consumed 1,733,085 384,470 3,594,997
Cost US$ 104,105,100 109,184,355 34,602,300! 32,295,480 258,839,784 197,724,835
Net gain -5,079,255 2,306,820 61,114,949
Total Savings 58,342,514

Despite the drop in power demand, total gas supply from Ghana Gas improved significantly due to
additional supply from the TEN field during the yealmost thrice the supply froMvestAfrican
Gas Pipelind WAGP).
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Total gassupplyfrom Ghana Gas was 31,665,448nBTU in 2017, about 38% increase from
2016 compared to a drop of 12.6% from 2015 to 28&6 [Tabl&). Average daily gas flow from
Ghana Gas increased from 60 mmscf in 203t 81 mmscf in 201(8ee Tabl&). Daily flow

during the first quarter averaged 42 mmscfd, a dropped from about 64 mmscfd in the last quarter
of 2016.This was due to maintenanaetivitiesby the gas field operators (Tullow Oil and Ghana
Gas) during th first quarter, resulting in curtailment of gas to the power plantstlzaid
consequently led tsome brief incidences of load sheddohgring the periodThe average gas

flow in the first quarter then ramped up to about 74 mmscfd during the second quarter reaching a
maximum of about 109 mmscfd in the last quarter.

As usual, the WAGP supply was largely destined to the Tema enclave whilst the Ghana {gas supp
was to the power plants located at the Takoradi power plants enclave. Total gas flow from WAGP
improved considerably from about 4,000,000 mmBTU in 2016 to over 11,000,000 mmBTU in
2017, but was still below that of 2015 (20,625,393 mmBTU). Average flailyfor the entire

year was 30 mmscfd, though about twice that of 2016, still just about a quatteramntracted

daily volume.The average daily flow from last quarter of 2016 to first quarter of 2017 remained
about the same; around 13 mmscfd, tdl Half year where the flow increased to around 19 mmsfd
then more than doubled during the second half of the(gearTable&).

Table 7: Monthly and Daily Natural Gas Supply in 2017

Ghana Gas Supply WAGP Supply Daily flow in mmscf
Month Monthly Daily flow Monthly Daily flow Takoradi Tema
flow in in mmsct flow in in mmscf Enclave Enclave
mmBTU mmBTU
January 1,562,334 47.28 501,590 15.18 42.88 16.28
February 203,654 6.82 405,951 13.60 6.22 13.07
March 2,337,678 70.74 434,063 13.14 65.09 13.02
April 2,449,701 76.60 515,013 16.10 69.20 15.48
May 2,380,521 72.04 532,696 16.12 63.80 15.36
June 2,390,938 74.76 804,453 25.15 67.56 24.47
July 2,765,699 83.69 1,085,054 32.83 75.42 30.92
August 3,548,455 107.38 1,721,805 52.10 95.28 50.61
September 3,339,851 104.44 1,716,647 53.68 90.49 50.25
October 3,607,305 109.16 1,436,114 43.46 95.85 37.64
November 3,433,342 107.36 1,290,747 40.36 94.86 39.07
December 3,635,968 110.03 1,268,765 38.39 101.03 36.34
Total | 31,655,446 11,712,897
Average| 2,637,954 80.86| 976,075 30.01 72.31 28.54.
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Average WAGP delivery gas price to VRA the foundation customer wa® $&6mmBTU
($9.44/mscf)in 2017;about 7% increase from 2016.averaged $8.79 per mmBTU for the first
half of the year but dropped &m average of $8.45 per mmBTU during the secondhaljle8).

Table 8: Pricing Component for WAGP Delivered Gas for Foundation Customers in 20

Customer Price
Details 2016 | JanJun 2017 | Jul-Dec 207
$/mmBTU
Gas Purchase 1.61712.2901 1.4218 1.5176
ELPS Transport 1.2983 1.3120 1.3120
WAGP Transport 5.0330 5.0859 5.0859
WAGP Credit Support Charge* 0.9765 0.6472 0.2378
WAGPA Charge 0.0600 0.0600 0.0600
Pipeline Protection Zone Charge 0.0250 0.0250 0.0250
Shipper Fee 0.1000 0.2000 0.2000
Fuel Charge** 0.13080.1823 0.0400 0.0126
Delivered Gas Price ($/mmBTU) 7.95688.1341 8.7919 8.4509

Note: *Credit Support Charge is a monthly lump sum charge and NOT an actual chargeni&ru
The $0.9765/mBTUshown above is a calculated average charge based on the average monthly
throughput from January to December 201

Thedeliveredpriceof gas from Ghana Gagasas usuautiniform at $8.842nmBTU ($9.01/mscf)
throughout the yeaiThe average delivengrices were thus within our projections for 205é€
Table9)

Table 9: Ghana GasDelivered Gas Price in 207

Details Customer Price for 2017
Gascommodity price 29
Gathering, Processing & transportation 5.28
PURC levy 0.66
Delivered Gas Price($/mmBTU)*° 8.84

Energy Commission, 2@1

Table10shows the summary of some of projected and actual indicators in 2017.

4Delivered gas price is nokecessarilyan abstute sum of the listed charges.
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Table 10: Grid Electricity and Associated fuelsfForecastand Actualsin 2017.

2017
2016
Forecast Actual
Ghanaods EIl ectr i(GWh vy
VALCO at one potline @291 UScents EUT 16,79816,900 14,00014,500
VALCO at one potline @180 UScents EU1 15,61515,700
Total Grid Electricity available
(i.e. including importsGWh 13,722 14,316
Grid Electricity generation available
(i.e. excluding importsWh 12,978 14,069
42.8 33.7 39.9
P t h f tion (%
ercentage hydrg@ower of generation (%) (5,560GWH (5,239GWH (5,616GWH
Ghana System PeakDomestic peak MW 2,105(1,997) 2,2002,300 2,077
GRIDCO Transmission System 2 087
Peak/Maximum DemandMW (2’405) 2,386 2,192
(Ghana/CEB System peak) '
13 @ll yean
Aver?gﬁn\évc?e; ?jzs)flow 19 (for supplied 30 30
P Y period only
Average GhanaGas gas flow 60 80-100 81
(mmscf per day)
Delivered WAGP gas price * 7.98.13 8.45 8.458.79
US$ per mBTU ($ permscj (8.19-843 (8.76) 8.76-9.12)
Dellvgred WAGP gas pr.lce 8.45 8.7 86
(VRA receipt +other charges includgd (8.76) (9.02) (8.2)
US$ per mBTU ($ permscj ' ' '
H 1 *
e e ety :
9 (9.17) (9.33 (9.35
US$ per mmBTUS$ permscj
oil ired LCO 4.3
(Mi:li;iqtl;;rr?els) Diesel 0.1
HFO 4.9
_ LCO 3.9 1.7
+*0il consumed Diesel 0.4 0.4
(Million barrels)
HFO 2.3 3.6
dedicated for poier producton | 55 60 63
power b (9.45) (10.31) (10.82

$ per bbl($ per mmBTU)

EUT implies EndJser Tariff

* Actual data in $/mmBTU courtesy of WAPCo. Lside for Foundation customers and higjde for Standard

customers. Other charges include delivery fee, ELPS transport fees, insurance, etc.

**Prices indexed to LCO and negotiated between the buyer andisuppt reviewed every six months. Actua
data in $/mmBTU courtesy of WAPCo. Lside for Foundation and higkide for Standard customers.
\/RA indicates that it adds administrative charges to the delivered gas price from WAPCo.
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1.3 Forecast for 2018

1.3.1 Electricity Requirement of the Economy

The real GDP growth for 2017 was 8.5%9%% norroil), a turraround from the 3.7% ¢ for
non-oil) in 2016. This was largely attributed to the higher global oil prices during thetyear
Besides the higher oil prices, oil production in the country in 2017 almost doubled that of 2016
with increased and additional production from the TEN and the SatiyefdNyame fields.

The real manufacturingroduction based economic activities (thentwd growth) however
remained about the same as in 2016.

As indicated in the earlier Outlookkgt World Bank? hasestablishedhatelectricity is the second
most important constraint tausinessctivitiesin the country and that Ghana lost about 1.8% o
GDP during the 2007 power crisis

ISSER®, indicated thathe country lost about US$680 million in 2014 translating into about 2%
of GDP due to the power cridisat year It further indicated that firms thatddnot have access to
sufficient eletricity had lower output/salesand that not having sufficient electricity lowexs
firmds annual-48%al es by about 37

Ghanabés annual electricity consumption per ca
2017 due to the improvement in electricity supplsignificant improvement from p&016 era,

though still below the global minimum averages6D kwWh for lower middleincome developing

countries.

With the significance improvement in power supply due to expanded thermal generation capacity,
Ghanabés real GDP growth is pr @% éncluswadofol) r e mai
although the Government expects a more conservative growth; a drop from 868940

(inclusive ofoil) and5.4% (non-oil) in 2018%.

For the GowecteddGDE growihsrate of 6.8% (8-9% by donor agenci¢sand
particularly 5.4-6% (non-oil growth) for the country in2018, we expect the total elgtity
required for th&sDP growthto be as follows:

a) 16,300 -17,200 GWh (with VALCO constrainedo operate at most two potlines
Expected peak capacity demand reqlineuld lie within2,150-2,300 MW. Average
EndUser tariffto make it realizeghould be withirdS centsl4-15 per kWh.

41$45-47 per barrel in 2016, but $8® per barrel in 2017.

42World Bank, Energizing Economic Growth in Ghana: Making the Power and the Petroleum Sectors Rise to the
Challenge, February, 2013

43|SSER is Institute of Statistical Social and Economic Rekearc

44 IMF World Economic Outlook, Ghana outlook, 2018; AfDB Ghana Economic Outlook, 2848,afdb.org./
%2018 Ghana Gover nmewawdpwccddugd get highlights.
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b) 17,236 -18,400 GWh (with VALCO constrainedo operate at most two potlines
Expected peak capacity demand reciinuld lie within2,200-2,400 MW. Average
End-User tariff to make it realizegdhould be withildS cents 3-14 per kWh.

c) 18400-19,500 GWh (with VALCO to operate at most, two potlineExpected peak
capacity demand requatevould lie within2,400-2,600MW . Average EneJser tariff
should be withirJS cents 1-13 per kwWh.

All the threescenariosreachievable provided the followireye accomplished

i.  There is adequate financial resource to procure all the fuel needed to run the thermal
power plants even at higher utilisation fact@sd

ii.  Average endusertariff is reduced to withii0-15US cents per kwWh.

Impact of High Electricity Tariff on Demand

In March, 2018, new tariffs were releaseg the Government annouing the following
reductions; about 17% reduction in Residential; 30% in Commercial andn2&#ustrial tariffs.

Table 11 compares the 2018 tariffs against #@462017tariff regime'®.

Table 11: Comparison ofGrid Electricity Tariff s Customer Class from 2016 to 2018

RESIDENTIAL T&“;ESEL?EQELA;SS INDUSTRIES
(Domestic usage) than 100 KVA) (SLT usage)
CONSUMPTION
CLASS us us us
Ghp/ kWh cents/ Ghp/kWh cents/ Gp/kWh cents/
kWh kWh kWh
201617 2018 201617 2018 201617 2018
51-300 67.33 55.54 12 96.79 | 67.75 15
301-600 87.38 72.09 16 102.99 | 72.09 16
601+ 97.09 | 80.09 18 | 162.51 | 113.76 26
SLTi LV 100.88 | 75.66 17
SLTT MV 78.09 58.57 13
SLTT HV 71.76 53.82 12
SLT i HV Mines 113.97 | 102.57! 23

US cent Ii 4.40 Ghana pesewas averaggeatMarch, 20B.

US cents / kWh rounded up to the nearest whole number.

*SLT is Special Load Tarifffor energy usage for industrial purpossspply voltaged Vi Low Voltage (400V);
MV - Medium Voltage (11,000 VAnd H\+High Voltage (33,000 V).

46
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The drop in tariffs is expected to see higher grid electricity consumption this year. Even though
encouraging and a big step to improve the revenue flow and consequently the sustainability of the
power sector, it is still on the high side. Encouraging eonion could improve job creation and
government finances as well.
As indicated in the previous Outlooks, the prevailing high electricity tariff moves Ghana from once
among less expensive countries to very expensive grid tariff regimes among-imocahe
countries
destination since her average grid electricity pricing is about twice higher than in South Africa,
China and India Table ).

devel oping

and

such

t hreatens t he

Table 12: Average End User Tariff ranges of Ghana selected MiddlelIncome Developing
Countries and South-East Asiafrom 20142017

Country/Region Ghana South Africa India China South'East
Asia
US cents/kWh 15-19 8-10 8-9 7-8 4-7

Source?’

Most heavy or base metal industries including underground gold mines would require on the
average tariff less than 6 US cents per kWh to stay competitive with similar products imported.
Light industries could go as high as 10 UStsgrer kWh to survive. Thus the prevailiagergy

tariffs for indistries are still on the very higgide®.

Significance of 2018 Tariffs

Nonetheless, the drop in the tariffs now makes the average grid less expensive than-tipe back
alternatives and consequently making it cheaper now for therasihential(see Table 1)
customers, to rely largely on the grid instead of switching to their-bpaensets during the last

weeks of the month. It would also discourage the hospitality industry specifically the hotels, from
switching to their backip diesel generation, wheheir occupancy rates are above 88%
Otherwise, these have been some of the survival strategies that the commercial and some industrial
entities have adopted to cope witie relatively high tariffs.

Some businesses have also adopted product importategy in order to maintain their market

shares.

Major consumers and businesses shifting from the grid to alternative sources have apparently given
capacityo

ri se to fAexcess

Wi

47 Adapted fron2016 World Energy Outlook, International Energy Agency
48 Low or less expensive tariff-@ US cents/kWh; medium expensive tariff-18 cents/kWh; High or very
expensive 185 US cents. 285 US cents/kWh most expensive.
4 Energy Commissio industrial field survey, 2016.
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either byGovernment or consumers. Passing on the excess capacity charges would further increase
the already high tariff. Government coul d absc
GDP-debt ratio at risk.

Export Market

An option for the excesgrid capacity is the export market through the West African Power Pool
(WAPP). The new tariff is expected to improve export to Togo and Benin but marginal since the
said countries equally have the opti oGhanao I mp
or from Nigeria where the tariffs are lowaseg Table 3).

Table 13: Comparison ofElectricity Tariff rangesof Ghana andneighbauring Countries in
West Africa from 20172018

Country [La Cot e Ghana Togo Benin Nigeria
US cents/kWh 9-12 1319 16-18 17-19 12-17

Achieving Upper Middle Income by 2020

With per capita income of US$1,225 ($2,950 Ppm November 201@ Ghanaattained a lower
middle-income status. Hegrercapita income has been growing sittoen However there has been
wide gaps in infrastructural indicators. For instanig&l energy consumption per capita should
averagenetonne of oil equivalent (TOE) compared to her current average of 0.25THeHotal
electricity consumption per capishould range between 1,000 and 1,100 kWh instead of the
current average hovering below 500 kWh since 2010.

By the end of the last decade, the then Ministry of Energy put up a policy statement to increase the
countryos install edMWampRHEHEt0 achievd 5000nMWablg 20t8at a2 , 1 0 0
period where the average eusler tariff was below 10 US cents per kWh with the main objective

of achieving upper middle income status by 2020.

Having an total installed capacity afver5,000 MW could generatabout36,000 GWh by 2020
and corresspondingly increase thermge annual electricity consumption per houséhdtdm
about3,018 kWh in 201@o around5,000 kWh by 2020 and coeguently grounding the country
firmly in the Upper Middle Income Status.

By close of 2017, the country had achieved an installed capacity of ab88t\MV8 capable of
generating over 20,000 GWh which is enough t

50 purchasing Power Parity
51 Number of households is assumed to expand from 5.5 million to 7.3 million in 2020. Average household size is
assumed toangebaween4.3-4.4 by 2020.
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including supressed demand. However, the averagesstdariff nowis abou double that of the
last decade and thus consequently making the prevailing tariff less affordable and consequently
creating the excess grid capacity the country is now witnessing.

Even though there has beadrop in the grid electricity consumption gig rise to the apparent
excesgrid capacity, electricity consumption in general would continue to grow as depicted by the
dash and dotted lines Fgure 4, when estimates from to&inbeddedackup generation is
factored in the computation.

5,000 - 20,000
4,500 - 18,000
4,000 - 16,000
3,500 - 14,000
3,000 - 12,000
=
= 2,500 L 10,000 =
= O
2,000 - 8,000
1,500 - 6,000
1,000 - 4,000
500 - 2,000
0 0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
= |nstalled Capacity Dependable Capacity
Peak Load ~ eeeses Expected Peak Load Trendline
Electricity Generation = = = Expected Electricity Generation Trendline

Figure 4. Trends in Installed-, Dependable Capacities and Peak Load with Generation from 2008
2017

The dip in the consumption from 202815 was of course due to the prolonged power crisis. With
the load shedding theoretically eliminated by close of 2016eheration should have picked up
significantly but the relatively high tariff regime has been a major barrier.
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1.3.2 The 2018Grid Electricity Demand Outlook>?

Peak Power Demand
The following spot loads are expected to contribute to peak demand growth in 2018:

a) Secondpotine operation of VALCOi.e,, increasefrom one potline 75 MW) to two
potlines (50 MW)

b) Increase in export to SONABEL (Burkina Fasdom 9.2 MW in 2017 to 50 MWy the
end of fiist half of 2018 and 100 MW in the second half of 2018.

c) On-going distribution network expansion works intended to extend coverage and improve
service quality to ansumers

d) Various rural electrification projectander the National Electrification Programme
earmarked for commissioning in 2018.

Summary of Peak Grid Electricity Demand Forecast for 2018
Figure 5describethe Peak Demand, showing the percentage share of each customer class.

2018 Share of Projected Peak Demand based on Customer Classes

LOSSES
4%

EXPORTS
5%

Enclave
Power
1%
NEDCo
8% ECG
65%

Figure 5. Share ofprojected peakpower demandbased on Customer Classdsr 2018

52 This work mostly adapted from a 2018Eiricity Supply report jointly produced with GRIDCo, VRA, Bui, ECG
and NEDCo, January, 2018.
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FromFigure §

togethemvould account for 5%.

Table14 shows a summary of 2018 peak grid powemdndforecasbased ot h e

customer classes

ut

Table 14: Summary of 2018 PealGrid Power Demand forecastoy Customer Classes

DEMANDSECTOR CUSTOMERBLASS COINCIDE(',:I/I-I\-NF))EAK DEMAN
ECG 1642.72
NEDCo 211.71
Domestic Peak Demand Er.lclave Power . 34.23
Mines(largely gold mining) 226.71
Other Bulk 40.74
Losses+Network Usage 84.37
Total Domestic Peak Deman 2240.48
CERTogo & Benin) 30
Exports Cmtl /2485 RQ 3
SONABE(Burkina Faso) 100
Total Exports 133
VALCO 150
Coincident Peak Demand\W 2523.48

Outlook of Grid Electricity Consumption

Total grid electricity consumption including transmission network losses is projected at 16,304.79
GWh in 2018. This includes estimated transmission losses and network usage of 594.30 GWh,
representing 3.6 % of totalleetricity consumption. The projected 201did electricity
consumption represents a growth of approximately 15.11 %, over the 2017 actual consumption of

14,177.33 GWh, an increase of 2,127.46 GWh

Table B presentshiie summary of 2018rid electricity consumption by customer class

S3ECG is Electricity Company of Ghana, a distribution utility for largely southern Ghana.
NEDCo is Northern Electrification Company of Ghana, a distributiility for largely northern Ghana.
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Table 15: Summary of Projected 2018Grid Electricity Supply by Customer Classes

Electricity Company of

Ghana (ECG) 10,588.86

Northern Electrification

Development Co. NEDCo) 1,373.10
Domestic Consumption Enclave Power Company 167.74

Mines (largely gold mining) 1,495.41

Other Bulk Customers 259.22

Losses + Network Usage 594.30

Total Domestic 14,478.63

CEB (Togo & Benin) 230.00
Export CE(l a Cote dbo6 13.21

SONABEL (Burkina Faso) 428.76
VALCO 1,154.19
Total Electricity (GWh) 16,304.79

Source: 2018 Electricity Supply Plan

Figure6 shows a representation of the projected consumption of the various cugtoom@ngs

and their percentage share in 2018. As shiovfigure 6  E Quidks ¢10,588.86 GWHor its
customergepresents about 65% of the total projeaéd electricity requiremenin 2018. It is
followed by Mines with a projected consumption of 1,495.41 GWh representing 9% of the total
consumption.

2018 Share of Projected Grid Electricity Supply to Costumers (GWh)

EXPORTS Losses

4%

OTHER BULK CUSTOMERS
2%

MINES
9%

Enclave Power
Company
1%

ECG
65%

Figure 6. Share of Rojected Grid Electricity Supply based onCustomer Classegor 2018
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1.4 Available Electricity Supply for 20185

1.4.1 Generation Sources

The sources of generation considered are mainly from the existing generation and the committed
projects expected to come onlime2018.

Existing Generation Sources i Hydropower

Akosombo and Kpong Hydro

The year start elevation for the Akosombo resemwais 76.60n (251.31ft) which is lower than
the Lower OperatinRule Curve of 76.87m (252.20for thereservoir.

In the light of this low elevationf the Akosombaeservoir, it is planned to operate thrE)
turbine wits during Offpeak and up to four (4hnits during Peak periods in 2018. This mode of
operations expected toesult inanaverage Plant Output of 600 MW at Akosombo andwioisld
ensure that theeservoir level is kept above the Minimuperating Level 0240 ft (73.15mn) by

the end of the dry season.

2018 Akosombo Projected Trajectory

249

247

Elevation (ft)

245

243

231
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239

237

Extreme Minimum Operating Level

235
Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18

Time (Months)

Figure 7. AkosomboReservoir Trajectory projected for 2018

54 This work mostly adapted from a 2018 Electricity Supply Plan jointly produced with GRIDCo, VRA, Bui, ECG
and NED, January, 2018.
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KpongHydroelectric Statiomvhich is currently undergoing retrofitould be requiretb runthree
(3) out of thefour (4) total installedturbine wnits resulting in anaverageplant output at Kpong
Stationis projected at 105 MW.

As a result of the two hydrtgnts operatios) theexpectedotal annuaklectricity generation from
Kpong and AkosombbydropowerStations is4,200 GWh.

Bui Hydro

In 2018, Buihydropower plant is projected to operate an average of twdine (2) units
throughout the year. This mode of operatioouid lead to a projected annual production of 756
GWh. Bui Hydro is assumed to provide an averagesiggiin capacity of 220 MW to support
demand.

It is estimated that, for continuous and sustainable operation of tiroer Statiorior 2018 and
for the subsequent years (in the likely event of low inflows), the reservoir level at the end of the
dry seasn of 2018 should not drop below elevation h7asP°.

With a projected yeastart elevation of 17&aslin 2018 and the total estimated tog#ctricity
production of 756.21 GWh for 2018, the y&ard elevation is projected at 174n@sl

Assumptions fothe projected 2018 generation from the Bui Hydro Phkmetas follows
i. 64%longtermaveragenflow of 6,167million cubic metres
ii.  2018year start elevation dheBui reservoirat 175masl
iii.  Operation of twdurbineunits in normal mode at 110 Muringthe year

iv.  Operation of third unit in Synchronous Condenser Mode (SCM) when required®y N
during the year.

v.  Operaton ofan additonah MW &6 s mal | 6 (algodnstallpdeandeavailaipd a n t
Bui which has 8.75 MWturbine throughout the year

Figure 8 shows the 2018 projected trajectory forBuiropowermplant

5 metres above sea level, a description used by the Bui Power Authority to describsetiveir level at Bui.
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Bui Reservoir - 2018 Trajectory

MINIMUM OPERATING LEVEL (183 masl)

Figure 8. Bui Reservoir Trajectory projected for 2018

Rainfall Pattern

As discussed in 2017, the rising sunspot activity of the sun with its associatqudaggitations

have started bringing in more rains since 2017 and projected to peak between 2019 and 2020 before
starting b subsideStrong sunspot activities imply that geophysical forces needed to push rainfall
currents such as the inteopical boundaries from the coast far inland would increase and
consequently releasing more precipitations at further distances from the eqdatoe aoast.

For this reason, the hydropower dam catchment areas which are largely inlanstdriad
experiencing higher than expected average annual rainfall since last year and it is expected to peak
between 2019 and 2020. This is evident in thehcaént areas of the dam as shown in Figure 9.
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Total Rainfall in Catchment Areas of Akosombo Dam and

Inflows
20002017

45 65
40 55 €
c
S
_ 35 45 =
% (2]
“= 30 35 £
%
25 25 E

20 15

N T T T VS S W S-S X VR, VR S VSN S,
S e LS PSS NPCCIRN S R I
A AT AP AP 4T R PP S TP S S S S

Year

—@-— Rainfall (ff) &=@==Akosombo Level (ft0") === Inflow (Billion m3)

Figure 9. Total Rainfall in key towns in catchment areas and inflows into the AkosombReservoir
20002017

Thus the precipitations and inflows indicate upward trend from 2015 to present.

Monthly Water Level from 2012017
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Figure 10.Monthly Water Level at Akosombo Reservoir from 2012017
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Existing Generation Sources i Thermal Power

Thermal

The total installegrid thermal generating capaciiyr 2018is 4,758.5MW %6 of which dependable
capacitywould be4,3216 MW>’ (see Tabld6).

Table 16: Existing

Grid Electricity Generation Sourcedor 2018

INSTALLED | DEPENDABLE
POWER PLANTS CAPACITY | CAPACITY FUEL TYPE
(MW) (MW)
Akosombo GS 1020 900 Hydro
Kpong GS 160 140 Hydro
Bui GS 400(404) 360 Hydro
TAPCO (T1) 330 300(200) LCO/Gas
TICO (T2) 340 320 LCO/Gas
TT1PP 110(126r) 100 LCO/Gas
TT2PP 80 70 Gas
KTPP 220 200 Gas/ Diesel
CENIT 110(126%) 100 LCO/Gas
AMERI 250 230 Gas
SAPP 200 180 Gas
SAPP 2 360 340 Gas
Karpower 470 450 HFO/Gas
AKSA 260 220 HFO/Gas
CENPOWER 340 320 GagLCO
Sub-transmission level
VRA Solar 2.5 2 (0 at peak) Solar
BXC Solar 20 2 (0 at peak) Solar
Meinergy Solar 20 2 (0 at peak) Solar
Trojan 44 39.6 Diesel/Gas
Genser 22 18 CoalLPG
4,7585 43216
TOTAL (4,794.5) (4,187 6at peal}

* Nameplate installed capacities of the TT1LPP and CENIT as licensed by Energy Commission is 1:
“Bui Power is including its 4MW small hydropower to bring the total installed capaci§4 MW

56 Total sums up td,790.5 MWif based on the nameplate as licensed by the Energy Commission. Also, if the 4

MW small hydropower at Bui is added, since Bui hydropower intends operating it as additional to the nameplate
400MW of Bui.

5" Total dependable capacity reduces during peak periods which largely occurs at night when solar insolation is zero.
Also, the steam turbine at TAPCo is out of service for now reducing the total dependable cagat8ty.6oMW.
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In 2018,two newmajorgenerating plants expected to be commissi@ned

1 340 MW CenpowerThermal Power Plant Theplantis expected to be commissioned
by the second quarter of 2018.

T 20 MWp Meinergy Solar PV Plant. The Plantwould feed directly into the Medium
Voltage (MV) Networkandis located in the Central Regioit is alsoexpected to be
commissioned in the second half of 2018.

Planned Maintenance

The schedule of key maintenance activities planned to be undertaker8ior2@énerating units
at the various powestationsis shown in Tabld.7.

Table 17: 2018 Planned Maintenance for the Power Plants.
PLANTS PLANNED MAINTENANCE

Akosombo GS | Each of the six (6) units is scheduled to undergo annual maintenance, one at a time
for a duration 18 days

Kpong GS Unit 1: Post retrofit inspection for 30 days from July 1 i 30, 2018
Unit 2: undergoes quarterly maintenance for a period of 1 week in August and
December, 2018

Unit 3: Major Retrofit from January 1 - October 31, 2018
Unit 4: undergoes quarterly maintenance for a period of 1 week in June and October.
Underwent one week in February.

Unit 1 underwent maintenance from March 7 7 April 18, 2018.
Bui GS Unit 2 is scheduled for July 3 - 31, 2018.

Unit 3 is scheduled for October 1 - 29, 2018.

TAPCO (T1) | Unit 1: Fuel Nozzle Inspection and Compressor Water Wash from September 16 - 23,

2018.
Unit 3: scheduled for minor Inspection from March 30 7 April 21.
Steam turbine is out of service.

TICO (T2) Unit 1: Major Inspection from October 1 - November 29, 2018.
Unit 3: Warranty Clearance Outage completed from January 13 - 27, 2018

TT1PP 12 daysd® mai nt enan eMarch 2 2008 céhmplbtedu ar y 19
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TT2PP

KTPP

ASOGLI |

ASOGLI I

CENIT

AKSA

Kar power
Barge

Unit 1: Core Engine swap and main gearbox overhaul from July 17 i August 10,
2018.

Unit 2: Core Engine swap and main gearbox overhaul from June 17 June 25, 2018.
Unit 3: Core Engine Swap and main gearbox overhaul from July 24 7 July 18.

Unit 4: Undergo maintenance for 12 days from October 1 - 12, 2018

Unit 5: Undergo maintenance for 12 days from September 14 - 25, 2018

Unit 6: Undergo maintenance for 12 days from September 22 - October 3

Unit 7: Undergo maintenance for 12 days from October 9 - 20, 2018

Unit 8: Undergo maintenance for 12 days from October 17 - 28, 2018

Unit 2 scheduled for maintenance for 10 days from April 16 7 25, 2018.

Unit 4 & 6: undergo maintenance from July 1 - 31, 2018

Unit 5 : undergoes maintenance from August 5 - 18, 2018
Unit 2 & 3: undergo maintenance from August 18 - 31, 2018
Unit 1 undergoes maintenance from September 8 - 18, 2018

Unit 7: undergoes maintenance from September 1 - 21, 2018
Unit 9 & 10 : undergo maintenance from November 10 - 27, 2018

Plant scheduled for Hot Gas Path Inspection from April 21 - May 12, 2018

One unit undergoes maintenance in September, October and November
for 12 days each time.

Units 1 to 24 scheduled for maintenance for a total of 336 hrs in February, April and
November 2018 and then for 384 hrs in September 2018.

Units 1 to 26 undergo maintenance for a total of 672 hrs in June 2018.
Units 25 & 26 will undergo maintenance in August and December, 2018 and then for 96 hrs
in October 2018.
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1.4.2 Grid Demand-Supply Balance

The criteria used to determine which power plawtsuld bedispatched on a monthly basis
during the yeaare as follows

a.
b.

c
d.

e.

f.

Merit order dispatch

Avalilability of fuel per plant

Must-run plants;takeor-pay plants

Variable or intermittent systems like thelar plants.
Systemstability requirements.

Instances where there is supply surplus, some planikl notbedispatched under normal
operating conditions.

The gridelectricitydemand supply balance for 2018 is presented in Talle 1

It is seen from the Tabl&8 that the total generation from VRg#lantswould be about8,53
GWh, representin®24% of the projected total grid electricity generatior2018 Generation
from Bui Hydro and other Independent Power Producers (IPPs)abtalt 7,766 GWh
accounting fod76%, out of which total IPP generation 75010 GWh, representing3% of
projected total generation #018

Figure 1L shows a graphical rementation ofTable I/, giving the percentage share of each
generation typeThermal generatiothuswould constitute 69.3% of projected total generation
whilst hydro generation and generation frasmlar PV would constitute 30.4% and 0.3%
respectively.

Contribution of Supply by Generating Types

W Hydro
m Thermal

Solar

Figure 11. Share of Grid Electricity Supply by Generation Typefor 2018
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Table 18: 2018 Projected Grid Electricity and Supply Balance in GWh

Projected Grid Demand/Supply Demand/Supply (GWh)
Total Ghana ¢$o-called Domestig 14,478.63
VALCO 1,154.19
Exports (CEB+SONABEL+CIE) 671.97
Total Projected Requirement 16,304.79
Projected Supply
Total VRA Hydro (Akosombo & Kpong GS) 4,200.11
Bui GS 756.21
Sub-Total: hydrd 4,956.32
VRA Existing Thermal &Solar Generation
T1 1,457.06
T2 2,155.05
TT1PP 352.98
KTPP 369.24
MRPP 0
TT2PP/TT2PPX 0
Solar 4.20
Sub Total4,33853
Existing IPP Thermal & Solar Generation
AMERI Power Plant 796.53
Karpower Barge 2,708.25
SAPP+SAPP Phase 2 1,466.11
CENIT 380.93
AKSA 558.49
CENPOWER 1,061.21
BXC Solar 25.54
MEINERGY Solar 12.90
Total IPP Thermal & Solar Generation 7,009.96
Total VRA Supply 8,538.64
Total Non-VRA Supply 7,766.15
Total Supply ~16,3®

This impliesthat in 2018, generation from thermal sources would be more than twice that from
hydro sourcesThis high percentage of thermal generation could have serious implications for the
powersector forthe following reasons:

i. It will adversely impact the finances the local power utilities, sindecal tariffs are cedi
denominatecndif the cedibecomeselatively unstable during the year
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ii.  Any prolong disruptions in gas supply would have dire consequences on the power supply
situation in the country in terms of reliability of supply and on generation costs since gas
price is on the average cheaper the liquid fuels.

Original monthly demandand supplysituation analysis by the grid utilities indicatessitive
monthly generation reserve margins of up to 56% in Z6&@8Table19). However, with the new
(reduction) in tariff that took effect at the end of the first quarter is likely to lead to further increase
in electricity consumption and consequently
therefore expect the resemmrgin to fall in the psjected monthly rangdsee Table 10

Table 19: Projected Monthly Capacity levels and likely Reserve Margins for 2018

Total Available ReserveMargin
System Grid Capacity Surplus/ %)
Month Demand : Deficit
(MW) for Generation (MW) Before | After new
(MW) new tariff tariff*
January 2,306 2,749 443 19 19
February 2,338 2,489 151 6 6
March 2,402 3,209 807 34 34
April 2,509 3,259 750 30 23-27
May 2,497 3.209 712 29 1822
June 2,416 3,309 893 37 24-26
July 2,339 3,639 1,300 56 3840
August 2,342 3,639 1,297 55 37-40
September 2,415 3,639 1,224 51 34-38
October 2,487 3,479 991 40 26-30
November 2,513 3,479 966 38 25-30
December 2,523 3,639 1,115 44 30-33

Adapted from the 2018 Joint Electricity Supply Plan
*Tariff reductions announced in March, 2018.

Nonetheless, this implies load shedding or grid paupply challenges are not anticipated barring
any unforeseen fuel supply interruptions. With suelatively adequateeserve capacity, some
plantsare rot likely to be dispatched whilst others may operate belwir full capacites

The low capacity reserve margin of about 6% in Febru2dg8wasas a result of the planned
Sankofa gas pipeline tia into the National Gas Transmission System (NGTS)aasabsequent
tie-in into the WAGP Pipeline.
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1.4.3 Fuel Requirements and Cost Implications

In 2018, natural gasLight crudeail (LCO), diesel andHeavyfuel oil (HFO) are the types of fuel

that would be required for firing thermal generating plants on then@h@ower systerjust as in

the previous yeardHFO, LCO and diesel are procured from the open market but are largely to
come from Nigeria to save freight cost.

Fuel Allocation and Cost
Fuel type

NaturalGas

Natural gas would come from two sources; WAGP carrying gas from Nigeria; and Ghana Gas
pipeline carrying indigenous gas from the Jubilee, TEN and Sankofa fields.

1 WAGP Gasi Average supply 060 mmscfdis assumedhroughout the year.
1 Ghana Gas
i.  Jubilee Filds- Average ofL00 mmscfdis assumedhroughout the year.
i. TEN Fieldsi Average o050 mmscfdis assumed throughout the year

iii.  Sankofa Field$ Average ofLl20 mmscfdduring the second half ttie year

AverageWAGP gaddeliveredin 2017 was 3 mmscfd, whilssupplyfrom Ghana Gas was about
81 mmscfd.

For 2018, we expect the average WAGP gas flow to double that of last year. We also expect the
Ghana Gas supply to double; increasing to about 150 mmscfd and then up to about 300 mmscfd
by close 6the year due to additional supplies from TEN and the SarRgé&aNyame fields.

Total gas delivered in 2017 was about 43,668mmBTU. For2018 we expectasdelivery of
about66,816000mmBTU.

Average delivery price of the WAGP gas in Z04as $86/mmBTU ($9.42mscf) and that of
Ghana Gas wa$8.84mmBTU ($9.69mscf). For 2018 the delivery gas price would be an
weighted average price 87.29mmBTU ($7.56/mscf)8. About $487 million would be needed
for the gas procurement.

58 Announced by PURC iMarch, 2018.
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LCO

The total LCOused in 2017 was about 1.7 million barrels. E6L8 almost3 million barrels
would be required, i.eequivalent to @otal of 6 cargoeg405,000 barrelspf LCO.

In 2017, the average delivery price of the light crude (i.e. including transportatidreatmdent)
for power generation wa$3per barrel. FoR018,we expect the average delivery price to increase
to $75per barrel remain. The total cost involved thus would ave$28&million %°.

HFO

HFO would be used mainly by the Karpower Baagel AKSA power plantTotal HFO used in
2017 was about 3.6 million barrels.

For2018 an estimated®.2 million barrels (454,399 tonnepwould be required. This translates to
almost 8cargoes, assuming a cargo size of 405,000 batels estimated delivye cost of about
$184million at$58per barrel.

Diesel

As usual, tesel would be used mainly for siag and $wutting down theéhermal plantsin 2017,
about 400,000 barrels were used but also by the standby plan30Epijust aboutl00,000
barrels (about ondourth of acargo size of 405,000 barrels) would be requaesting abou$8.4
million at$84 per barrel.

Fuel Allocation

Since the available gas would still not be enough for all théugdied thermal plantsuel supply
to the Tema and Takoradi Power Enclaves shall be strategically managed as follows:

TemaEnclave

1 WAGP 60 mmsfd; 30 mmscfl would beallocated to SuneAsogli power plants and 30
mmscfd forthe followingVRA plantsat Tema, namely, Tema Thermal Plar(fT1PP
and Kpone Thermal Plant (KTP.P)

1 VRA Tema Thermal PlanflT2PP/TT2PPX) to operate on gas but would be on standby.

CENIT and Cenpower would operate on LCO.

1 Karpowerwould continueto operate on HFO for the first half of the year and then be
relocated torakoradi to be run on gas from Sankéfd duringthe second half of the
year.

1 AKSA would alsooperate on HFO.

=a

59 Joint Supply team estimated US$210 million initially.
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Takoradi Enclave

1 TAPCo (T'l) to operate mainlymmgasandTICo (T2) alsoto operate mainly ogas.

1 Any excess gas to bdirected to theAMERI plant

1 Karpowerplantto operate orgas from Sakofa field from July to December 2018 but
likely to be delayed due to slow pace of work.

Fuel Prices

Table20 provides hedeliveryprices of fuek assumed for the year

Table 20: Expected AverageDelivered Fuel Prices for the Thermal Plants for 2018

Average Delivered Price and equivalent
FUEL TYPE US$/mmBTU US$/mscf US$/bbl US$/tonne
WAGP (Nigeria) Gas 7,29* 7.56
Ghana Gas 7.29* 7.56
LCO 13 75% 525
Diesel 14 84 588
HFO 10 58 405

TheUS$/mmBTU in italicare approximate equivalent prices of the liquid fuels.
*weighted gas price released by PURC, 2018.

In all, about$906 million would be needed fduel. Summary of estimated amount of fuel needed
and the cost involved are as presented in Tahle 2

801 CO price volatility range could increase to US$-80 per barrel by the close of the year.
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Table 21: Estimated Quantities ofFuel and Cost involvedfor the Power Plantsfor 2018.

LCO Natural Gas HFO Diesel
(Barrels) (mmBTU) (GEUES) GEUES)
TAPCO (T1) 11,996,329
TICO (T2) 596,986 13,987,551
Tema Thermal (TT1PP) 4,204,032
Kpong Thermal (KTPP) 4,393,956
CENIT 885,658
AMERI 8,094,557
Sunon-Asogli Plants 13,194,185
CENPOWER 1,512,221
Karpower Barge 10,945,185 1,977,045
AKSA 1,203328
Starting and switching off plants 100,000
TOTAL FUEL 2,994,865 66,816,052 3,180,373 100,000
TOTAL FUEL COST (US$) | 224,614,875 487,089019 184461634 8,400,000
905,233,689

1.4.4 TransmissionSystem Performance

State of the NITS®!

In Ghana, the transmission of electricity is done at three main voltage levels, namely; 161 kV, 69

kV network and 330 kV. There is also a 225 kV voltage level transmission but this is only through

an interconnectionwt h Ghanadéds western neighbour Cote dbo
Togo is through two 161 kV lines.

The National Interconnected Transmission System (NIm&gased from @proximately 5,28
circuit kilometres (km) of high voltage transmissiorebim 2016 to about5,284 circuit kmat the

end of2017. It connecs all the majolgeneration plants to sixty four (64) Bulk Supply Points across
the nation.

The transmission lines consist of 364 km of 330 kV lat®ut4,637 km of 161 kV and 13 km
of 69 kV lines. There is a 225 kV time which interconnects the Ghana grid with that of Cote
doél voi r e an dinesthadinteticbnhectkG¥ana gricewith that of Togo. In addition, there

61 SeeAnnex2
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is a single circuit 225 kV tiine of about74 km linkingthec ount r yés net wor k wi

doél voire.

The networknowhas127 transformersfrom 123 in 2016installed at various load centres across
the country with a Total Transformer Capaditgreased fron#,598.86MVA °2 to almost5,610
MVA by close 02017.

The System Control Centre (SCC) in Tema is responsible for the real time dispatch (monitoring,
coordination and control) of the Ghana Power System as well asbonals power exchanges
with neighbouring countries.

Ghana Grid CompanyGRIDCo) is the opeator of the NITS and is responsible for the real time
dispatch (monitoring, coordination and control) of power system operations on the Ghana Power
System as well as creg®rder power exchanges with neighbouring countries.

Transmission Line, Feeder and Sub-station Availability
The criteria for transmission Line, Feeder and Substation availability are as presented below;

i.  All existing transmission lines are expected to be in service to ensure transmission of
electricity from the generation stations to Buidk Supply Points across the nation and to
enable the execution of power exchanges with neighbouring countries.

i.  Maintenance work on transmission lines and substations is not to significantly affect
power supply to customers except for single transfosubstations and consumers
served on radial lines.

In 2018, just as in the previous yeasd| existing transmission lines are expected to be in service
for the transmission of electricity generated at goaver plantdo bulk supply points across the
nation and as well to enable the execution of power exchange programmes with nerghbo
countries.

Maintenance work on transmission lines and substations are not expected to significantly affect
power supply to customers except for single transformer subrstaéind consumers served on
single radial lines. Most transformers in operation on the NITS are designed with a capability of
100% continuous loadingnd Transformer Utilization Factor (TUF). Indications frad@RIDCo
thereforesuggests that thereaslequate transformer capacity on the NITS for the supply of power
under normal operating conditidds

52 MVA is MegavoltAmpere
632018 Electricity Supply Plan; joint work witiGRIDCo, VRA, Bui Authority, ECG and NEDCo.
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Impacts of Transmission onNetwork Expansion Projects

There are a number of transmission expansion projects currergiyiog which are expected to
becommissioned into service during the second ha®0df8 They are

i.  Voltai Achimotai Mallam Tr ansmission Line Upgrade Project

Upgrading oftransmission lines in the Vol Achimota corridor would increase the
evacuation capacity from Tema generation huliht® load centre of Accra. This is
necessary to ensure the evacuation of generation from the new thermal power plants in
Tema, namely Karpower (225MW), Sunésogli Phase Il (360MW) and the Kpone
Thermal Power Plant (KTRPOOMW). Theproject would increast&ransfer capacity to

Accra Central station téacilitate high voltage powetransmissiorclose to the central
business district of Accra. This would also significantly reduce system losses.

ii. Aboadzd PresteaKumasi 330 kV Transmission Line Project:

This would improvehigh voltagetransmissionn Kumasi and adjacent substations and
consequently reduce overall system losses. The project \ataddllow for increase in
power export capacity to Northern region as well as Burkina Faso.

iii.  Kumasii Bolgatanga 33(kV transmission line Project

The project would primarilallow for the export of up to 150 MW of power to Burkina
Faso. It would also improve upon the supply capacity and reliability to the northern Ghana.

iv.  Construction of 330 kV Bulk Supply Point substaion at Pokuase

This would increase theeliability of supply to Accra and increase transfer capacity
between the generation hub of Aboadze and Tema to the load Centre at Accra. It would
also allow for the reliable evacuation of the 360 MW Sunon Asogls@lhplant.

v. Construction of 3x125 MVA statiorf* at Accra Central: The station would supply
Power to the Central Business District of Accra to meet its growing demand and also clear
the overload on the Achimota and Mallam stations which supply powertbove st at i on
firm capacity.

vi.  Construction of 2x66 MVA Bulk Supply Point at Afienya: The project is expected to
i mprove upon supply reliability to Ghana W
It would also reduce the loading on the New Tema substatidnirzcrease supply
reliability to Afienya and its environs.

64 GaslInsulated Substation
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Fuel Supply and Transmission Challenges

Fuel Supply Challenges

Hydro Risk

Even though, there is high prospects for rainfall this yeamuld still be prudent to continue the
conservative dispatch of the hydro plants to ensure that the reservoirs are not drawn down below
their minimum operating levels to guarantee sustainable operations in the coming years.

Thermal Fuel Risk

Ghana Gas and Tullow ¥ scheduled to carry out planned works between February and July,
2018. The Tian of the Sankofa Gas Pipeline to the National Gas Transmission System (NGTS)
at Sanzule scheduled for February has already been completed.

Tie-in of the N&'S with theWAPCo Gas Pipelinevhich started in 201& on-goingand itis
expected to be complete@dthe second quarter of the year. This line wdatilitate Westto-East
Reverse Flow of gas using the WAPCo Gas Pipaimtpave the way for Ghana Gas to supply
naturalgas to power plants in thigast of Ghana, i.&.emaPowerGeneration EnclaveENI oll,

the main developer of th8ankofa gas fieldss sponsoring the 225 mmscfd capacity pipeline
project.

Nonetheless, e crucial requirement for reliable power supplyhis availability of the required
dependable plant capacitiegiantities of fuel and funds to purchase the fuel in a timely manner.
Gas supplysustainabilityremains one of the major risks to reliable electricity supply in Ghana.
Although, installed generating capacitycigrentlyhigh, inadequacy and/or unavailability of fuel
to run the thermal unitwould rendered some thermal plants inoperable.

To forestallfuel supply deficits and possible electricity supply disruptions to consumers during
maintenance periods, there is the need to make advanced arrangements for adequate LCO storage
at both Tema and Takoradi power enclaves.

It is also imperative that the gganies in the Gas Suppthain, namely, Tullow, ENI, GNPC,
Ghana Gas, BOST and others collaborate strongly with the power supply entities to ensure
effective planning and coordination
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Transmission Challenges

Power Evacuation

There are also transmisa capacity constraints in some portions of the network which could
leadto transmission line overloads. For instanosyificient reactive power compensation could
lead to poor customer supply voltage in areas such as Kumasi, Accra and some parts of the
Western region.

Radial Linesand Single Transformer Stations

Currently, supply reliability to customers served via single circuit radial lines is quite low. This is
because an outage on such single circuit radial lines interrupts supply to such istome of

the single circuit radial lines on the NITS are the: Tainémdi, TakoradiEsiama; Dunkwia
Asawinso; BogosoAkyempim; Bolga Zebilla; Zebila Bawku lines, etcSupply reliability to
customers served on these lines would improve in future whenlses are upgraded through
construction of additional line(s) or by looping them into other adjoining substations.

Similar to single circuit radial lines, consumers supplied by single transformer substations also
suffer low level of supply reliabilityMaintenance and/or upgrade works at these stations are often

a challenge due to difficulties in securing outages to carry out planned maintenanceSweinks.
townships supplied via single transformer stations are Yendi, Sogakope, Esiama, Akosombo
Township,VRA Township at Akuse, etc.
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2.0 Petroleum Subsector: QOil
2.1 Overview of Petroleum Supply in 2017

Ghanatdés oil production in 2017 was about 58.
commercial fields, Jubiles5.8%) TEN (34.9%)and Sankofa&Gye Nyamg9.3%) compared to

about 32.3 milliorbarrels in2016, representing an increase of about 81% over the previous year
Average daily production for the year was about 175,000 barrels against the targeted production
of about 250,000 barrels.

Indigenous Oil Production

Saltpond field
There was no production from the Saltpond figlthas been closesince 2016

Jubilee field
Total oil production from the Jubilee field 2017 was aroun@2.7million barrels compared with

26.9million barrels in 206 and 37.4 million barrels in 20%.

Average daily oil production from the Jubilee fielhtinued its downward trend; dragab from
about94,200barrels in 206 to 91,382 barrels 2017 unable to reach the target of 120,000 barrels
per day as projected by the industigce2012 GeeFigure 12).

Jubilee Daily Production 2032017
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Figure 12. Jubilee field daily oil production trend; 20112017
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Mean daily productiomose from about 80600 barrelsduring the first quarter to about 90,000
duringof thesecondhalf year then peakingo about 97000 barrels ahe end of the third quarter
before dropping to around 91,000 barigyscloseof the year

TEN field
First oil fromthe TEN field was inAugust 2016 with productionfor the year totallingover 5

million barrels Total productiorrose t020.4 million barrelsin 2017. Averagedaily production
rose from about 23,600 barrels in 2016 to abd&yB®@0 barrels in 2017, falling short of the
projectedaverage production targef 80,000 barrel$or 2017 (seeFigure 13).

TEN Daily Oil Production 204817
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Figure 13. TEN field daily oil production trend, 20162017

SankofaGye Nyame field
First oil from the Sankof&ye Nyame fiel®® occurred in May, 2017. Totatoductionfor the year

was about 5.5 million barrelsStartingwith average daily production of about 12,00érrels
increagdslightly to dmost18,000 barrels in the third quartidren reaching around 36,000 barrels
at the end of the year. Tlaweragealaily production target fathe yeawas45,00050,000 barrels
per daybut only about 3,000 barrels could bealised® (Figure 14)

85 Also called OCTP (Offshore Cape Three Point) field
66 http://www.oilviewafrica.com/exploration/ghassankda-field; https://ghanatalksbusiness.com/fiodit-flow-
sankofa/
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Figure 14. SankofaGye Nyamefield daily oil production trend in 2017
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Crude Oil Prices®”

In 2017, average price of crude oil for refinepperationsvas about54.6 per barrel compared
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with $46.5per barrel in 208. Average price in 2015 w&84.5per barrel ¢ee Tabl&2).

Table 22 compares therices ofGhana sourced oil to those of West Texas Intermediate (WTI)

representing the United States and the London Brent representing Europe.

Table 22: Average Crude Oil prices in Ghana, United States (Gulf Coat), and Europe (the

North Sea) from 20102017

Ghana WTI Brent Crude

Year Gulf Coast/ North Sea/
United States United Kingdom
U.S dollars per barrel

2010 80 79.4 70

2011 111 94.9 111

2012 113 93.3 112

2013 109 97.9 109

2014 99 93.3 99

2015 54.5(60%) 48.7 52

2016 46.5 (55%) 43.3 43.7

2017 54.6(63) 49.7 52.4

*for power generation.
Source: Bank of Ghana, LondonGasPrice.com, tradingnrg.sww.statistica.com

67Average selling price of Sankofa oil was not available at the time of release of this report.
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In 2017, G h a ncudesoilwas sold in the range of $&P per barrel, compared wis0 per
barrelin 2016

The average price of Jubilee aler the periodvas about $52.8 per barrel whilst that of TEN was
$49.3 per barrel. For boftelds, prices ranged between $54 per barrel in the beginning of the
year but dropped below $50 per barrel by 1yddr.

Global Scan

The global economgdged up 3% in 2017 compared wiélprojected growth of 2.7% for the
yeaP® This was largely attributed growthin manufacturing, trade and investment, favourable
global financing conditions, as well as increased commaodity prices. Growth in 2016 was 2.4%.
Growthrateforecast for 2018 is 3.1%.

Average growth in advanced eaoniesin 2017was also more than expectétm 1.6% in 2016
to 2.3% against 1.9%projectedfor the year Average growthfor 2018is howeverexpected to
moderate slightly t0.2% as upturn in investments levels off.

Average gowth in emerging marketanddeveloping economiesquallyexpanded from 3.6% in
2016 to 4.3% in 2017 as against projected 4.1% for the year. It is projected to expandjurther
4.5% in 2018°.

Just as with the other regionsegaage gowth in SubSaharan Africancreased from 2.4% 2016

to 3.2% in 2017, against 2.68t0jectedor 2017.It is expected téurther expandby 3.5% in 2018

Just as in lst year, he upturn reflects recovering global commodity prices and improvements in
domestic conditions. Most of thgrowth is expected toome fromt he conti nent 6s t
economied South Africaand Nigeri&®. South Africa is forecast to tick up to %lgrowth in 2018

from 0.8 percent in 2017. Nigeria is anticipated to accelerate t&@eXpansion this year froth

percent in the year just ended.

For West Africa dominated by Nigerianods oil
severely constrained at 0.4% in 2016 due largelihe economic downtown of that courffty

However, withrising global commodity pees, oil production is expected to increaséligeria

Solid growth, supported by infrastructure investmenbuld continue in the West African
Economic and Monetary Union (WAEMU), 1l ed by C

58 Global Economic Prospés, 2018, The World Bank.
69 Global Economic Prospects: S@aharan Africa, 2018, The World Bank.

ONj geria accounts for 72.4% of 11.B%in20&6dfricamDewlopmmene r al | GD
Bank, Africa Economic Outlook 2017.
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Domestic consumption and stocks in 2017
Crude oil imported for domestic consumptanopped drastically from almost 1.45 million tonnes
(~10million barrels)in 2016to just about 23200tonnesy~1.6 million barrels)in 2017.

Grid dectricity production accounted for abot% (compared tB2% in 2016) of the crude oil
consumption whilst primary refinery operations accounted for the rema&ld¥g

Crude oil br powergeneration reduced by 39% due to improvement in gas supiblg @eferred
and cheaper fuel. The refinery on thther hand was virtually shut down for major maintenance
and expansionvorks whichexplainswhy it operatedust the equivalentof about 11 day full
capacity operatigrproductionfor the yeamvas just 98 thousand tonnes compared totfi@39sand

in 2016.

Total petroleumproducts suppliethcreased from abo® 3 million tonnesn 2016 t03.5 million
tonnes iR2017 The great product movers were RFO, LAGK and Premix(see Tabl&3).

Table 23 Petroleum products supplied to the Economyrbm 2014-2017

CHANGE
2014 | 2015 2016 2017 | b/n 2014 | b/n 2015 &| bin 2016
PETROLEUM & 2015 2016 & 2017
PRODUCT 1000 tonnes Percentage
LPG 2415 | 279 281.5 358.9 15.5 0.9 27.5
Gasoline 1,102.3| 1,163.2| 1,069.21 10726 5.5 -8.1 0.3
Premix 56.2 47.2 56.0 68.8 -16.0 18.6 22.9
Kerosene 9.3 6.9 8.1 5.6 -25.8 17.4 -30.9
ATK 113.9 | 112 132.2 166.6 -1.7 18.0 26.0
Gas oil/diesel | 1,713 | 1,902.7| 1.765.0 | 16615 11.1 7.2 -5.9
REO 26.8 13.4 12.9 129 -50.0 -3.7 900.0
Total | 3,263.1| 3,524.4| 3,324.8| 3,462.9 8.0 -5.7 4.2

Source: National Petroleum Authority, 201

About 91.6% of the RFO went into power generation. IR& suppliedcame largely fronthe
AtuaboGas PocessingPlant and imposd sincethe Tema Oil Refinery was virtually shut down.
LPG production from thé\tuabo gas processing plant is afrpduct of processing wet/rich
associated gas toydlean gas for power productigeee Table 2).
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Table 24: Petroleum Products produced L ocally, Imported and Exported from 2014-2017

2014 2015 2016 2017
PETROL
PRODUCT 1000 tonnes
Pro | Imp | Exp | Pro | Imp | Exp | Pro Imp Exp | Pro Imp Exp
LPG 3.3 {2364 O 2011977 0 |1142 1779 25.1| 114 | 2024 i 40.3
Gasolines | 4044 | 1254} 10.2 | 31.8 1182 9.9 | 244 | 12357} 271.6] 6.5 | 1,304.1; 184.4
Kerosene | 45 0 0 0.2 0 0 24.5 0 0 2 0 0
ATK 9.4 {1124 105.6| 18.2i 109.1 101.9| 37.6 | 112.7 { 115 | 0.1 | 1814 ;| 150
Gas oil 278 11,742 108 | 28 {2161 10.3 | 254.7; 2,161 : 170.1| 6.1 i 1,780.9: 190.2
REO 43.7 | 48.6 0 8.9 0 0 64 206 | 69.8| 1.3 | 2488 | 53
Total | 129.2| 3,394 | 126.6| 89.1| 3,650| 122.1| 739 3,266.7| 651.6| 129.9| 3,717.6| 618.0

Pro refers to poduction at the TOR and Atuablonp refers to imports whil&xp refers to exports. NB:
Diesel export is largely sales to international bunkers. ATK export is sales to internaticetabravi
bunkers. Gasoline expad largely heavy gasoline.

Source: Tema Oil Refinery and National Petroleum Authority

2.2 2017 Forecast and Actuals

Average Brentcrudeprice for refinery operations wa$46 per barrelthus falling within the
forecastpricefor 2017 Average prices in other regions also fell within forecast for the wear (
Table25)

Table 25: 2017Average Qude Oil Pricesin Ghana, United States andeurope 2017 - Forecast and
Actuals

Ghana WTI & NYMEX Brent Crude
Gulf Coast/ North Sea/
United States Europe
Brent LCOs* LCOs Brent
Forecast 5358 (48-52) 60" 51 51-55
Actual 54.6 (53)63" 50.79 54.15

* Other light crudes / U.S refiner
# power generation requirements
Source: Bank of Ghana, U.S EIA Short Term Energy Outk{lk, 2018

Tema Oil Refinery (TOR) wasirtually shut down throughout the year, except for few hours of
operation. This was to allomew crude oil furnacw® beinstalled atheplantin order toincrease
the production capacity of the Crude Distillation Unit (CDtdm 45,000 barrels® 60,000 barrels
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per stream daylhe expansion worksould not be completed in 2016 as originally scheduled but
finishedin 2017.The capacity of the Residual Flu@atalytic Cracker (RFCC) unit however
remains the same; 14,000 barrels per’Halhe supply of all petroleum products with the
excepton of LPG werebelowthe 2017 projections and consequertbntributing to théow non

oil economic growth of 4.9%er the year The consumption however was equivalent to operating
a 75,000 barrels per stream day refinery which is still higher than the new capacity ¢¢d€©R
Table26).

Table 26: Forecastand Actual Petroleum Roducts Consumptionin 2017

Products Supplied to the Economy
Requirement Consumption
PRODUCT (Forecast) (Actual)
1000 Tonnes
For economic For economic Economic growth
growth growth 4.9% (non-oil)
>4% O 8% 8.5% (oil)
Total Gasolines 1,300-1,400 1,7061,800 1,073
Total Diesel 2,000- 2,100 2,3002,400 1,662
Kerosene 10-15 16-20 5.6
ATK 140-160 20071 220 167
LPG 29071 300 32071 350 359
Total 3,740-3,975 4,516-4,70 3,267
refinelfyqsgls;iirg 70-75 per day 85-90 per day 75 per day

ATK supply started increasing in 2016. ATK consumption had dropped consissemtly2012
until 2016 whichwasattributed tats relatively high cost in the countrit.would be recalled that
ATK supply shortfall in the country in 2013 compelled a number of foraigines to make
alternative refuelling arrangemsmith neighbouring countries before landing or taking off in
Ghana

The $ortfall in keroseneonsumptiorhaslargely beendue tothe shiftsfrom its usages fuelfor
lighting and cookindo betteroptionssuch as drcell powered and solar lanterns for lighting and
LPG for cooking

LPG supplyimproved slightlyand also abovirecastor 2017 This was largehattributedto the
supplies from theAtuabo GasProcessing Plant which is producing LPG aspbyduct from
processing the wet associated gas from the Jubilee Hddry gaslargely for electricity

" The RFCQprocesssthe Residual Fuel OiIRFO), which isa by-product of crude oil processed by the CDUgint
more products, namely diesel, gasoline, LPG, etc.
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generation Imports however still dominated; about 56% of the total sttaigely becaus¢he
Tema Oil Refinery was shut dowBome LPG was exportétll%)for thesecondime since 2009
butabout 3% more thaim 2016

2.3 Forecast for 2018

The year 201 saw dramatic changes in the global oil and gas market largely due to the crisis in
the Middle EastVenezuelaand inEurope owing tahe frozen conflict betweetihe West and
Russia over the crisis in Ukraia@ad annexation of Crimea

The Middle East is stildl 0 b olsrdeli tengidnthenattédoe t h e
to the 7@" anniversarycelebratiorof the foundng of the State of Israghis year If 2016 was the

year of cutting costs, 2017 was finally the year of cutting stocks. Several notable events also
happeneduchthat while not directly impacting oil prices, certainly had an impact on perceptions
of globd risk and forecasts of future economic growbr instance;

1 Prices stable after OPEC agrees to an output cuPrices started 2017 trading in a stable
range after OPEC and n@PEC allies reached an agreement in-24#6 to limit crude
oil production.

1 OPEC extends the oil output deal agreed to in 2016 through the end of December
2018. At its annual NovembeR017 meeting OPEC surprisedhe globalmarket by
extending the supply deal in place through the end of 2018 and placing additional caps on
Libyan and Nigerian production. This decision and evidence of compliance has since
supported prices at theircreasing évelssince 2017However, it could be challenged by
other elatively poor memberof the cartel since some would like to make up for thedosse
in revenue generation in the previous years of lower prices. Thus the supply quota cuts
measure would largely hold but there is likely to be marginal increase in output by end of
the year.

Besides the geopolitics, thising oil production costglueto rising material costs, and the shift to
increasingly challenging operating areas, such addékp andultra- deepwatess suchas in the
Jubilee fieldsand Sankofa fieldshave also emerged as factors inititeeeasing oiprices though
yet to reachhe averagdevelsencounteredh 2011

To curb the increasing oil pricabgUS released some of its reserved stock unto the global market.
The OPEC countries led by Saudi Arabia and the-R8&EC led by Russia countered the impact

by reducing production @puts.Saudi Arabia opines that the prices of oil at the current level are
still not attractive enough for further investment and that prices need to be above at least $90 per
barrel to spur investment. The country warnsafsk ofglobal oil shortagesand that supplies

could stall by 2020 ibil prices remain below $1008his is being attributed to lack of investment
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flows for the last two or three years to ramp up oil supply. Similar assertion has been ritele by
International Energy AgendyEA) in its market analysis and forecast rep@il,2017. The IEA
furtherwarned that the global investment slump of 2015 and 2016 already poses a risk to future
oil supplies and that 2017 %l obal spending di

The main driver for oiprice forecast this year therefore is still going to be a mix of geopolitics
and petroleum demand supply fundamentals, including the speculation factor due to trade in oil
futures. The challenge is determining the right balance.

Irrespective however of the geajiical events, demand and supply fundamentals still serve as the
major drivers for crude ojprice volatility. The increasingylobal economicgrowth expectedhis
year is likelyto drive energy demand upwards and potentially reswlil jorice increases

TheU.S EIA forecasts averageorld crude oil priceto range betwee$f65-71 per barrel in 2018
whilst IMF and the World Bank forecashaverageof $63 and $65 per barrel respectively for the
year.

In any casehigh oil prices offer field operators aropportunity to produce more oil from
unconventional sources as well as from deeper and offshore d@psides, high crude oil prices
encourage relatively small fields such as in Ghana to boost production since their total impact on
the global market tenadlot to be significant.

Forecast for Ghana Sinceolil supplies tadGhana largely come from Nigeria (an OPEC country)
and Equatorial Guinea (a n@PEC country) all in West Africdt is expectedhat average Brent
crude oil that Ghana buys would lie witHime price range d$69-71 per barrel an®$63-65 per
barrel for other light crudes for refinery operatiossg Tabl®7). Average delivery price of light
crudes for power production would be kit $73-75 per barrel.

Table 27: Forecast for AverageCrude Oil Prices for Ghana, United States and Europe fo2018

United StatesEIA Europe’
Ghana
FUEL BRAND (WTI and NYMEX) (UK & Holland)
US dollars per barrel
Brent crude 6971 70.68 68-70
Other light crudes/ U.S refiner 63-64 65.58 63-65

In 2017,Jubilee field oil wasold at an average price 063 per barrelwhilst that of TEN field
was sold at $4th 2017.

2 https:/oilprice.com/Energy/Eneregeneral/AreWe-Sleepwalkinglnto-The-Next-Oil-Crisis. html
3 London and Rotterdam trading for Brent averaged@®%or 2018 www.tradingeconomics.coifihe IMF and
World Bank forecast average of $63 and 65 per barrel respectively for all crudes for 2018.
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For 2018 we expectprices of oil from both field$o increasethe average prictor Jubilee oil
falling within $68-70 per barrel and that of TEN fieltting $63-65 per barrel The arerage price
of oil from Sankofa field is likely tie the same abe forecasfor that of TEN field (see Table

28).

With favourableoil price forecast o r

2018,

Ghanaods

tot al

product.i

the average of 175,000 barrels per day in 2017 to bet@2@®000i 220,000barrels per day.

Table 28: Forecast forG h a n arféds Oil®Prices and Production for 2018

SOURCE OF OIL

Fuel Prices

US$ per barrel

Average Daily Production
1000 barrels

Actual in 2017 Forz%alzt for | actual in 2017 For‘;%agt for
Jubilee field 53 6870 91 95105
TEN field 49 6365 59 7075
Sankofa field 48 6365 25 3540
Total 175 200220

To meetthe Government economic growthtetarget of6.8% (oil) or 5.4% (non-oil) growth for
2018, it would requireabout3.6 million tonnes of products with gasoline and diesel having an
average share of2% and 3% respectively due to the expected growththe Industrial and
Agriculturalsectors of the econonag the result of the OfiRistrict-One Factorythe OneVillage-
One Damand Planting for Food & Jolmlicies of the governmeii$ee Table9).

Table 29: Forecast for Petroleum Products requirements for 2018

PRODUCT

National supply requirement

1000 Tonnes

For economic growthtarget 6.8% (oil); 5.4% (non-oil)

Total Gasolines 1,182-1,300
Total Diesel 1,832- 2,000
Kerosene 4-6
ATK 184-200
LPG 39671 400
Total 3,5983,906
Equivalent refinery capacit 80-90 per day
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The requirement for diesel (gas oil) includgemand by the mining and the petroleum upstream
industries.Diesel constituted about 51% of the total products demand in 2017. Reduction in the
electricity tariff during the first quarter of the year and the drop in the activities of illegal gold
miners are likely to reduce diesel demanasoline demand however would increase but
marginally.

For LPG, at least half of the total LPG requiremestilsexpectedd come from local production.

To achieve a 50% nationwide penetration of LPG, the consumption would require an LPG supply
of at least 450,000 tonnes by 2020 based on an estimated populatieB2f8llion by the end

of the decade.

About 50% LPG suppliesould come from the AtuabGas Processing Planprocessing wet

associated gas from the Jubilee field. For instamaessing 100 mmscfd of the wet gas would
provide at | east additional 500 tonnes of LPG
projected short to medium term demand of 400:800,000 tonnes per annum by 2020. Ability

to meeting this supply requirement woS0%d trar
penetration by 2020.

However, Atuabo LPG is a natural gas refiningdquat and thus have different characteristics
from that of TOR since the latter is a crude oil refining product. For instance, the propane level in
the Atuabo LPG is said to range fromB0% whilst butane constitutes the remaining depending
on the blenaf the consignment.

LPG from TOR is processed to constitute a mixture of about 20% propane and 80% butane and
this ratio has also been used to regulate the import market.

Besides, natural gas by its nature is odourless and so its LPG is relativelyoafdessompared
to that from crude oil processing.

Atuabo LPG is therefore supposed to be odourised and treated to reduce to propane content to
around 20% but such entails additional cost for the supplier.

Nonetheless,igher penetration of the Atuath®G would require more attention in terms of safety
and standardization and also more public education to avoid potential fire hazards in homes.

As a result of frguent gas explosions that occurred last year and which were likely due to the said
challengs with the Atuabo LPG, the government has come up with a new policy, in faet, a re
introduction of the cylinder reirculation policy which was put in place during the national
promotion of LPG use in the home during the early 1990s but later scrappiis &iad, all gas
cylinders is supposed to be filled at designated bottling plants for onward distribution to retail
outlets.

Governmentis also e-capitalisng the Ghana Cylinder Manufacturing Company (GCMC) to
expandits production capacityGCMC has ecently taken delivery of new equipment which is
expected to boost its current daily production of 1,500 to almost 4,000 cylinders.
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3.0 Petroleum Subsector: Natural Gas

3.1 Overview of Natural Gas Supply in 2017

Total gas flow to consuming facilities in Ghana 2017 was 45461817 mmBTU (~45,462
mmscf) about 65% more thain 2016 About 26% (15% in 20%6) was from Nigeria via the
WAGP and the remainingd% (75% in 2015 coming from the Atuabo gas processing plant.

Almost 25% (26% in 20%6) of the gas was supplied to theermalplans in the Temapower
enclaveand62 % (74% in 205) largelyindigenous ga§.e. the Jubilee and the TEN fiejdsent
to theTakoradi power enclav@he remaining 13% went for ngrower activities.

Jubilee field
Total associatedasfrom the Jubilee fieldperationsn 2017was d&most 2,000 mmsctompared
t029,273 mmscin 2016 Average dailygasproductionwas however higher in 201626 mmscfd

than in 2017 122 mmscfdl even though production was throughout the year in 2017 compared to
about 10 calendar months in 2016. This was because the average daily oil production was higher

for the latter Average daily production in both years however were within expgotdilevels
from the field(see Figure 1p
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Figure 15. Comparison of Jubilee field daily gasyield; 2016and 2017

"4 Total gas flow in 2016vas27,475590mmBTU (27,475 mmscf)
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TEN field
First gas fom the TEN field occurredin August2016 with an averageyield of just about 29
mmscfd translating into total production of 1,141 mmscf for that yé®oduction however

increased significantlghe following year 2017%p 22,822 mmscf with average daylield of about
75 mmscfdseeFigure 16).

Associated Gas Produced from TEN Field
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Figure 16. TEN field daily gas yieldfrom 2016-2017

Sankofa-Gye Nyame field

The year2017equallywitnessed the firggasfrom the Sankof&Gye Nyamefield”® in May but at
anoncommerciallevels i . e. f or oper afotaly@ldbyendaofthpyearwasct i or
6,868 mmscf with average daily production of about 32 mmscfdaaiiaitial outputof about 17
mmscfd(seeFigure 17). Commercial prduction is expected to commence this yiea018.

S Also called OCTP (Offshore Cape Three Point) field
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Associated Gas Produced from Sankofa Field
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Figure 17: SankofaGye Nyamefield daily gasyield in 2017

3.2 2017 Forecast and Actuals

Average gas flow from th&/ AGP was30 mmscfdasprojectedfor the year

Average gas flow from théubileefield was81 mmscfdcompared to the projected-800mmscfd
for the yearwhilst that of TEN field, 75 mmscfd exceeded expected yield of 70 mmscfd from that
field.

The WAGP delivery gas price average#i8.6/mmBTU ($8.92/mscf). Jubilee and TEN fields
delivered gas prices were 28mmBTU ($4.39/mscf) and &16/mmBTU ($6.33/mscj
respectively.

Comparatively, average spot (Henry Hub) price in the United Staf&l7 was $209mmBTU
($3.1/msc)’®. Averagenatural gas imporprice in the European Union (ElRcreasd from
$4.5/mmBTU ($4.73/msch in 2016 to $5.65/mmBTU ($5.97/msch in 20177

6 Spot prices usually do not include transportation cost.
7 https://ycharts.com/indicators/europe_natural_gas_price
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3.3 Forecast for 2018 and beyond

Unlike the previous years, PURC, tfegulatorfor natural gas priceis the countryhas released
for the first timea regulated gamriff which is a weighted average aif the natural gas sources
including plamed LNG project$or the country gee Tabl&0). For 2018 the gas tariff is pegged
at $7.29/mmBTU which is abodt% andl5.6% lower than the prices that Ghana Gas and WAGP
would have charged respectively for theipplies

Table 30. Summary of Adjusted Weighted Average Cost of Gas and Tariffs 2018

SOURCE OF GAS SUPPLY
US$/mmBTU x
O
COST TYPE = |G S
- N — ©
@ wn © © ol © e Q <C
21z |v |0 S O 8| E o O
) ] ul X X Z o o - o ;
S [ T c c Sx| < <
S < S ®| > O =
n 0y} 5 Z
—
Commodity Charge 0.50| 2.35|2.90| 6.78 | 6.78 | 580 | 5.85 | 6.36 | 2.59
Gathering Charge /
ELPS Charge 1.04| 1.12| 1.12 1.27
Processing Charge 1121 1.12 ] 1.12
Transmission Service
Charge:
Transportation tg 1121 112 1121 112 1.12
Takoradi| ™ ' ' ) '
Transportation tg 0 0 0 0 0 4.55
Tema '
Regulatory Levy 0.40| 0.40| 0.40| 0.40 | 0.40
Shipping & Aggregation | 0.05| 0.05| 0.05| 0.05 | 0.05 | 0.05| 0.05 | 0.05
Regasificationfee 140 | 1.60 1.38
Total Delivered Gas Price| 4.23| 6.16 | 6.71| 835 | 835 | 7.25| 750 | 7.79 | 841 | 7.29

* Adjusted Weighted Average Cost of gas
Source: PURC, 2018

On the global scene, the average US spot price for gas is projected to increase slightly from the
$2.99/mmBTU($3./msch in 2017 to abou$3.0/mmBTU ($3.12/mscf) in 201878. FortheEU,

the gas import price would inch up slightly from the $5.65/mmBTU ($5.86/mcf) in 2017 to
$5.7/mmBTU ($5.91/mscf)in 2018(see Table1).

78 US EIA Short Term Energy Outlook, March, 2018.
55



Table 31: AverageDelivery GasPrices in Ghana (WAGP), United Staes (Henry Hub), and
Europe (North Sea); 20112017 and projected prices for 20B.

WAGP+local/ Henry Hub/ Northsea

Year Ghana United States Europe/
U.S dollars pemmBTU

2011 6.56 3.59 8.70
2012 8.19 2.75 8.90
2013 8.27-8.38 3.71 10.6310.72
2014 8.49 4.52 10.05
2015 8.80 3.00 7.26
2016 7.9-8.84 2.51 4.56
2017 8.6-9.02 2.99 5.65
2018* 7.29 3.01 5.7

*forecast ;
Source: Bank of Ghana, LondonGasPrice.com, tradingnrg.cbt8 EIA STEO for 2018

3.3.1 GasSupply Challenges

On the average, gas still remains the nsostainable and relatively cesbmpetitive fuel supply
to produce affordable powarthe countryThe key challengdsamperingeliability of gas supply
howeverstill remain aboutthe sameasin the previous yearghough with somesignificant
improvemets such as the drop in the gas tariff for 2068mely:

i. Inadequate supplyarticularly fromNigeria througthe WAGP (see Annex)4 and
ii.  finance- domestic and international payment deficits.

Inadequate gas supply

Almost 2,600 MW dependable capacitf thermal powers expected to be in operation this year
-2018capable ofproducing aboufl,300 GWhof electricity. This would require roughly00-
750 mmscfdand translating into a total of abof55,500,000mmBTU depending upon the
efficiencies of thehermal plants. However, only abadgif,3M,000mmBTU translating into an
average ofl86 mmscfdis committed tdbe available fopower generation thigear. Total gas
supply is estimatetb range froml20-130 mmscfdfor the first half of the yeaand therdouble
during the second hadfs explained below.

Gas is expected from all the major fieltls2018 year and beyond;e. Jubilee, TEN and the
SankofaGye Nyamdields.

With the increasing oil prices for the year, associated gas production frodulthee field
operations would averad®0 mmscfdbut could ramp up t@40 mmsdd by end of the yeahut
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for some months of shedown to allow the OCTP and the WAGP reverse ft@ain connections.
TheTEN field is expected to produce an average gas suppherangeof 75-80 mmscfdfor the
year whilst gas supply fronSankofa fields the most significant proven nassociated gas
discovery?®, is expected to ramp up from the average of about 32mmscfd in 2017 tol@bout
mmscfdin 2018.

Maximum gas supplydr the year thus could read®0 mmscfdif all goes well as planned
considering the favourable and increasing global oil prices. However, there are also some technical
challenges to overcome, minor though, yet could limit the flow from the indigenous ifielde

West to Tema. For instance timaximum capacity of the Takoradi Regulatory & Metering (R&M)
station is 120 mmscfd and that of Tema is 140 mmscfd. These R&M statied® be expanded

to receive the additional gas.

The gas supply deficit would fall withid00-550 mmscfdduring the yearThus reinforcingthe

fact that the indigenous gas would still not be adequate to meet the gas requiremtds for
mediumto-long termrequirements of the countr§hanahasthereforecorsideredsupplementing

the gasupply withLNG imports 6ee Annex)5

The estimated deficit of abol00-550 mmscfd is within the breakeven point for a typical 200
250 mmscfd LNG reagasification facility.

Meanwhile, there has been some new developmentkeirgasindustry valuechain so far.

Recalling thatn 2014 GNPC°was appointed by the governmeassthe National Gas Aggregator
and was also mandatedtakeoverGhana National Gas CompargNGCQC) popularly referred to
as Ghana Gas.

As the nationagjasaggregatoy GNPC alsothe national oil companyNOC) is mandated to buy
all naturalgas produced in Ghana andnarket it as wellGNPC ismaderesponsible for sourcing
naturalgassuch ad_-NG from international suppliers to supphent indigenous gasqufuction
The role also mandates GNPC to make specific investments in gas infrastructurteta ciglale
domestic gas market.

7 Sankofa field ha estimated proven 1 trillion cubic feet of natural gas.
80 GNPC isGhana National Petroleum Corporation.
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Progress of Planned LNG projects
Two major LNG projectsire expectedh the countryby 2020 They are;

1 the Tema LNG Terminal Company, and
1 asmaliscale virtual LNG project.

TheTema LNG Terminal Company project is aFloating Storage + Regasification Unitwith
expected capacity o250 mmscfd (1.7 mmtp&!) expected to be completed in 202aitial
contractedsupplyamountis aboutl80 mmscfd.The company has securecpeovisional licence
and is in the process of acquiring a Siting Permit from the regla®MPC has signed a d2ar
agreement with Rosneft of Russia for the supply of the LNG.

GNPCearlier in 2017 signed an agreement with a private company, Quantum Power for the latter
to construct and operate a 500 mm&tfidating LNG storage, regasification and delivery facility
moored offshore Tema. ThéS$550 million facilitywhich was supposetb beoperational this

year apparently fell through and has been replaced with the Rtzsnlkty.

The small-scale virtual LNG is a virtual pipeline project being built by a consortium of small
entities along the gas vahehain to supply gas to Sundwsogli and Trojan power plants. It @
apparent a stegap shordto-medium term measure to meet the fuel requirements of the said power
plants.It would comprise seventeén5c2bicmet r e 8 LNG trucks fsaler yi ng
LNG shipsberthed athe Tema port; eight (8) trucks #he loading gantry at a time and additional
eight @) trucks moving every night to delivéhe fuel to the %50 MW gasfired SunonAsogli
Power Plant thermal plantsoading is estimated to take an average of an hour. BaGhttuck

would take an average of 45 minutes to reach the SAsogli Power Plant where instant
regasification is expectethking advantage of theelatively highambienttemperatures. Initial
contract quantity is said to be 60 mmsdftegotiations on th delivery gasprice is said to be
nearing conclusion stages since the project is expected to commence by end of the year.

Unlike the GNPGRosneft/Gazprom agreement, the source of LNG for the swoalé project is
the LNG2Africa initiative ; an EquatorialGuined* initiative to sell smalscale LNG for
utilisation in Africa. Initial target countriesre Togo, Burkina Faso and Ghana.

81 million tonnes per annum

82 The natural gas transport and use regulator is the Energy Commission.

83 3.4 million tonnes of LPG per year.

84 Equatorial Guinea has been an LNG producer since 2007 with production of-25,000 cu m per day
(151,000 bpd LNG). Proven reserve estimated in 2010 was 4.5 Tcf. Target countfieg@t&\G project (MoU,
April) 2018, Burkina Fasd_NG project (MoU,201Y; andGhanaLNG project (15yr MoU) 150 mmscfd
equivalent.
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Finance i domestic and international payment deficits

The Power or the Electricity subsector of the Energy Sector is etiéwlled with financial
challenges.

Arrears and debt situati@ongthe power supply value chain was overiiilion by the middle

of 2017. Most of the debiveredue to short term loan contracted by the power producers and the
di stri but iability toucbliedt adequatesrévenuerto cover their operatidassistent
untimely and insufficient payments for gas delivered also contributes to the huge debt burdens of
the gasoff-takers most of them public entities. For instance, untimely and inagegagments

still contribute to theeasons for themadequate gas supply from Nigeria through the WAGP. On
the domestic side, VRA still owes Ghana Gas Company for gas supplied from Atuabo, and the
latter in turn also owes GNPC for the wet gas suppliedti@ndistribution or retail end, the
Electricity Company of Ghana (ECG) is still owing #lectricitysupply utilities.

In order to address the chronic debt challenges afatiidate equitable distribution of all cash
collected in the power sector ual chain using the end user tariff as a habes Cash Waterfall
Mechanism(CWM) concept was instituted in 2016. Was to be implemented through the
development of a formula, for adequate distribution of revenue to all stakeholders in the power
sector vaue chain. Howevemver a year on, th€ WM has still not been operational.

Nonethelessn April 2017,the Governmentssueda 15-yearbondseeking to raise 6 billion cedis
to settleall outstandinglebtsin theenergysector.The1l5-yearbondwasissuedunder two separate
bonds; a Aear bond and a 3gear bondBothbonds howeveaccrued a total of 4.69 billion cedis
(~$1.1 billion) after the auction was closef@lling shortby about 1.3 billion cdis. The #year
bondreceived the targeted 2.4 billion cebiigtthe 10year bond accrued about 2.29 billion cedis,
belowits targeed 3.6 billion cedis.

Even though, unable to reach thgectedarget, the governmerit said tchave used parto clear
a significant portion of theectordebt.
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4.0 Woodfuel Subsector: Charcoal demand and prices

In 2017, the average prices of charcoal in the coufalpwed the historical increasing tre; for
themini bagit roseto a little overGH¢25 from aboutGH¢22 per bagn 2016 whilst for the maxi
bag, itincreasedrom aboutGH¢35 in 2016 to aoundGH¢38 (See Annek).

The 20T increasshowever were jushbout 86 for themaxi-bagbut over20% for the minibag
compared ta little over 16%andabout5% for the maxibagand the minibagrespectively in
2016 (see Table32).

Table 32: AveragePrice per bag ofCharcoal in the Ten Regions for 205 and 2017%°.

Percentage
Mean Price per Mini bag in | Mean Price per Maxibag in change in mean
Ghana Cedi(GH¢) Ghana Cedi(GH¢) prices
Region 2015/2016*
2016 2017 ChZ‘r’]ge 2016 | 2017 Choa/‘;ge Mini Maxi
Ashanti 16.66 | 19.37 | 16.27 | 26.23 | 2859 | 9.00 | 102 | 145
Brong Ahafo| 1215 | 16.80 | 38.27 | 22.48 | 26.77 | 19.08 0.0 10.9
Central 25.30 | 3225 | 27.47 | 41.44 | 47.33 | 17.04 | -18.4 3.6
Eastern 2151 | 2552 | 1864 | 3055 36.83 | 20.56 0.0 0.0
Gt. Accra 26.99 | 31.17 | 15.49 | 38.68 | 4250 | 9.88 1.4 4.3
Volta 27.17 | 35.34 | 30.07 | 38.16 | 50.0 13.22 | -3.9. -10.8
Western 22,75 | 27.17 | 19.43 | 36.67 | 43.13 | 17.62 4.9 11.3
Northern 11 19.46 | 76.91 | 28.97 | 32.33 | 11.60 | -30.3 14.4
Upper East | 3083 | 24.67 | -19.98 | 53.74 | 38.49 | -28.38 | 34.0 56.0
Upper West | 2385 | 1959 | -17.86 | 37.00 | 32.84 | -11.24 | 54.2 60.9
National | 2182| 2513| 20.47| 3539 37.8 7.84 5.2 16.5

*revised with latest datavailable

Except for Greater Accrahé average percentage incrensemere far above thg-10% projected
for 2017 Even though, this has been attributed to high inflation in 2062017, relatively high

85 The price survey was conducted in the district capitals and computed as average for each region.
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prices of LPG, the alternative but cleaner fuel, could play a significant role in the charcoal price
inflation.

Average increases in LPG prices on the other hand were 31% and 26% respectively from 2015 to
2016 and 2016 to 2017.

Greater Accra and Ashamggions experienced the lowest price changes.

Asusual, the higipricezoneswerealongthe coast Northern region experienced the highest price
change for the minibag, whilst Upper East and West regions experienced negative price changes.
Official rea®ns are yet to be knownThe lowprice areaswere also the traitional regions of

Brong Ahafo Northernand Upper West regiofiisliowed by the forest regions of Ashanti, Eastern

and Western.

For 2018, we estimate that the average charcoal priceementwill drop towithin 12-15% for
both the mini and the maxi bagsthe coastal areas of Gmal, Western and Volta Regions due to
the drop inmationalinflation®®.

Greater Accra wouldnaintaina moderate increase d0-15% in 2018. Nationwide, weestimate
an averagerice to rangefrom 15-20% for the year due thancreasingLPG prices whichis an
alternative or substitute fuel for charcoal in urban areas

86 The national economic inflation in 2015 and 2016 averaged about 17% but dropped to 12.37% in 2017.
61



5.0 The Regulatory Regime

5.1 The Electricity Supply Industry
5.1.1 Licensing and Permitting

The Energy Commission in 2006 established a licensing frameworksgoing licences to
electricity service providers. The Licensing Manual for service providers in the Electricity Supply
Industry was revised and published in 2012, setting the requirermhtguidelines for entities
desiring to acquire licences to operate in the electricity supply industry.

Under the Licensing framework, provisional and full licences have been issued to entities engaged
in the various segments of electricity supply. Besiddding generating capacitytbhe existing

capacity and enhancing service delivery to customers, the licensing regime enhances the
Commi ssionds aut hor ithetgrmg aod conditiods stipllaged ih theclieence.e e s

Licences and permiissued by the Commission so far are as follows:

i.  Number of power generation companies with Operation Licences stands at 13 just as at the

end of 2016 but the total capacity had expanded 2@81.5MW in 2016 to 2,680 MW
as at the end of 2017.

ii. Electricty Embedded Generatiditence issued to Genser Power Limitédstood at two
just as in 201630MW atChiranoand a 23 MW plant at Damang all in the Western Region.
The 5 MW at Tema however has been decommissioned and the license withdrawn.

iii.  Constructionpermits have been issued to the followifugir power companieswith
installed capacity totalling,303 MW

a. Rotan Power Limited 660AW Combined Cycle at Aboadze the Western Region has
renewed their construction permit. It was first issued in 2016.

b. 80 MW Simple Cycle Marinus Energfower Plantait Anochie near Atuabim the Western
Region also renewed their construction permit.

Construction works on the 360 MW combined cycle planCleyppowerCompany Limited has
been completed. Commissioning processtill ongoing and expected to be completed by-mid
2018.

Fourteen (14) Power Generation Companies have been issued with Siting Permits with total
generation capacity @ 033MW, from 4,555 MW in 2016.

Sage Power Limited was issued with Electricity IBnmage License as well as Electricity Export
Licence.

SunonAsogli has been issued with an export licence to export excess power.

87 anIPPto distribute electricity tspecificconsumersn the distribution network
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Enclave Power Company was issued with distribution and sale licence to distribute and sell
electricity to customers in Dawao®er Enclave (undeconstruction) besides its existing
operations at Tema.

Bulk Customers of electricity openag) in the deregulated Wholesale Electricity Marketreased

from 33 in early 2015 td3 as at third quarter of 2017.

5.1.2 Codes of Practices andRegulations

The Commission developed and launchedNh&onal Electricity Grid Codein 2012 to govern

the operation of the National Interconnected Transmission System (NITS). The Grid Code
specifies in detail the technical operational rules, codes acegupes as well as obligations and
liabilities of all players in the market. Complementary to the National Electricity Grid Code, the
Energy Commission Board approved Metional Electricity Distribution Codehat sets in detail,

the minimum acceptable dienical standards for the development of the electricity distribution
networks, provides guidelines and technical requirements for interconnection and evacuation of
embedded generation and other relevant issues related to the safe and reliable management a
operation of the Electricity Distribution Netwonk accordance with LI 1816 and LI 1935.

Both theGrid Code and theNational Electricity Distribution Codeare currently being updated
to coverRenewable energy and embedded generation.

The Commission has developed the Electrical Wiring Regulation 2011, L.I. 2008 to regulate
electrical wiring in the country.

Pursuant to the above, a certification guideline has been developed. Furthermore, a curriculum for
the certification examination wadeveloped in conjunction with the Technical/Vocational
Education Directorate of the Ghana Education Service in 2013.

In 2014, The Energy Commission in collaboration with the Technical Examinations Unit, of the
Ghana Education Service conducted the fiestification examination for potential and practicing
electrician for certification as Certified Electrical Wiring Professionals (CEWPS).

So far,nine(9) examinations have been conducted.

Full implementation of the wiring law came into effect in OeQb2017. Under the full
implementation, nowertified persons would not be allowed to practice. Also, CEWP persons are
expected to invite certified inspectors to inspect their wiring jobs when complete. The certification
is being expanded to cover solafrastructural installations and technicians.

In addition, EWR, 2011 LI 2008 mandates the Energy Commission to a register of electrical
contractors expected to roll out by end of the year. Also, the LI requires all buildings 10 years and
older to be inspeted to ascertain the integrity of its wiring installations. The Energy Commission
is commencing the exercise this year beginning with commercial buildings.
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As at third quarter of 2017, about 5,000 electricians had been certified as CEWPs and 84 as
Cerified Electrical Wiring Inspectors. The examinations are conducted twice in a year at 4 centres
(Accra, Takoradi, Kumasi and Tamale).

The Commissiortontinues to arry out public sensitization activities to create awareness in the
general public on the gvisions of the Regulations. In addition, the Commission has conducted
training programmes in all the regional capitals for the CEWPs.

As part of its implementation, monitoring exercises are being carried out. CEWPsr&vho
suspected to have violated pigiens in the wiring regulationare first giving hearing by a
Disciplinary Committee and those found culpadlepenalized.

5.1.3 Establishment of Wholesale Electricity Market

The Electricity Regulation 2008 (LI 1937) provides for the establishroérd compétive
wholesale electricity market to facilitate wholesale electricity trading and the provision of ancillary
services in théNational Interconnected Transmission Sys{®&iTS). The Wholesale Electricity
Market (WEM) in GhangtheElectricity TransmissiotJtility (ETU) shall ensure the procurement
and dispatch of electricity from any facility of a wholesale supplier to a bulk customer and
distribution utility in a fair, transparent and ndiscriminatory manner.

The Wholesale Electricity Market would alldar choice and competition in the wholesale supply
of electricity and subsequently create an enabling environment to attract Independent Power
Producers (IPPsihto the country

Further incentive for private sector investment in the Wholesale Suppioé ct r i ci ty i s
interconnection with some neighbouring West African counttl@®ugh whichthe market for
electricity in those countriesill be operedup tothel PP&6s i n Ghana.

Such a market, in principle, requires to be guided by rules andatieqsl (backed by legislation)
that should essentially refletitteg o ver nment 6 s broad policy object
administrative management and operation of the market.

The Market Oversight Panel (MOP) wigisset upin 2015and membersf the panehad been
nominated by the appropriate institutions and $iace been approved by the Ministihe MOP

was inaugurated in 2017, MOP has been publishing a monthly bulletin which is available on the
Commi ssi off6s website

88 http://www.energycom.gov.gh/index.php/planning/gharelesaleelectricity-marketwatchrmonthly-bulletin
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5.2 The Natural Gas Supply Industry

Natural gas supply from Nigeria through the West African Gas Pipeline (WAGPhdtas

improved, it igorovento be very limited andnreliableprimaily due t o t he countr y.
to WAGP & well N-Ga$® supply limitations(see Annex). Gas from the indigenousefds are

therefore mitigating the supply situation

5.2.1 Licensing and Permitting

A Licensing Manual for Natural Gas Supply Industry was develogatidoEnergy Commission

in 2008to serve as a guide for prospective naturalsgagice providers with regard to licensing
requirements as well as assisting in ensuring compliance with codes and standards governing
guality, health and safety in the industry as stipulated in the Energy Commission Act, 1997 (Act
541). The manual was rewed in 2012 to facilitate the accelerated development of the natural
gas industryBOST is theNatural Gas Transmission Utility Licente operate the Natural Gas
Interconnected Transmission System (NGITS).

The Energy Commission has thus further isstiiedfollowing licences to players in the Natural

Gas industry.

i.  ENIlis expected to renew its Construction Permit from the Energy Commission during the
third quarter of the year to complete the construction of the Onshore Receiving Facility
(ORF) at Sanzula)Vestern Region.

i. Three (3) Natural Gas Bulk customer Permits were issued in 2016 for downstream
offtakers.

iii. As at end of the first quarter, only four (4) companies hold Provisional LNG facility
licences. The rest have all expired and have not yetreeewed.

iv. ~The Commission renewed a Natural Gas Wholesale Supply licence to Volta River
Authority (VRA) for the importation of gas through the WAGP.

v.  Continental Fuels Limitedlso holds @&rovisional Natural Gas Wholesale Supply Licence

5.2.2 Codes of Practiceand Regulations

Since the natural gas industryssll new in Ghana and like any other eneiggustry it is
important thatlevelopers satisfy some basic requirements and comply with established regulation
beforethe construction of faciliestakes plae. It is in this respect that the Energy Commission
has developed thellowing Legislative Instruments (L.IWith adopted Gharnan Standardsand
which have been approved by Parliament:

i.  Natural Gas Pipeline Safef@onstruction, Operation and MaintenapRegulation (L.l. 2189)

ii.  Natural Gas Distribution And Sale( Technical And Operational) Rules, 2007(LI 1911)
iii. Natural Gas Distribution And Sale (Standard of Performance) Regulations, 2007(L1 1912)

89 owners of the commodity
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iv.  Natural Gas Transmission Utility( Technical And OperatioRailes, 2007(LI 1913)
v. Natural Gas Transmission Utility (Standards of Performance) Regulations, 2008(LI1 1936)

A Natural Gas Transmission Access Codm establish conditions for Natural Gas Service
Providers to have fair, transparent and safe access to the Natural Gas Transmission Network in
Ghana Access Code has also bedaveloped in accordance with Sections 24, 27 and 28 of the
Energy Commission A¢ 1997 (Act 541).The Commissiorhowever ha still not finalise the
Occupational Health and Safety Regulatiomith adopted Ghaman Standards.

5.3 Renewable Energy Update

As at end of first quarteaf 2018,113 Provisional Wholesale Electricity Supply Licences had been
issued to potential Independent Power Producers (IPPs) proposing to develop a totalcéa®out

MW of electricity from various renewable energy sources. 75 of the licences issudedsatar
photovoltaic PV) generation with a total capacity about 4,243VW.

About 35 licensees have moved to the Siting Permit stage of the licensing process of which about
29 are for solar PV. However, only eight companies have been issued with ConstRéctiats

to develop a solar PV project. A Construction Permit has also been issued for a 225 MW wind
project.

In February 2016 he governmenthrough the Energy Commissitegan the implementation of
a Rooftop SolaPV Programme in the countrwhere solaPV panels up to a maximum of 500
peak WattgWp) weregiven to prospective residential applicaati®r the prospective beneficiary
had satisfied the following conditions:
I.  Changed all lamps in his/her facility to LED lamps; and
i. Purchased and stalled the requisite Balance of System (BoS) components such as
inverter, batteries, charge controllers, change over, etc. frboerssedsolar vendot,
whose products meet the minimum Technical Standards set by Ghana Standards Authority
(GSA).

The primary objective of the programmess to provide 200AW peak load relief on the national
grid through solar ¥ technology in the medium term at the time the country was undergoing a
nationwide load shedding.

The first phase of the National Rooftop Solao®lvoltaic (PV) Programmaeyhich was targeted
at residential facilities (homes) in urban areas, recorded a total number of(&,Q05823
approvedapplicantdor theinstallation

9Splar vendoilicensed by the Energy Commission
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In an effort to contribute to the national goal of universal acces?0B§ and promote socio
economic development through Productive Use of Energy (PUE), the second phase of the National
Rooftop Solar Programme which focuses on providing electricity to rural householdsgidoff
communities which might not have accesslézteicity by 2020and beyond was piloted in 2017.

Solar PV systems of 500p\capacity each were piloted in 200 rural households in :§raff
communities in the Abetifi and Mpraeso constituencies of the Eastern Region.

Partial funding was secured fraime Skills Development Fund (SDF) of COTVETo train 250
technicians in the design, installation and maintenance of solar PV systems.

In addition the Energy Commission in collaboration Wi G has successfully piloted 33 net
meters equipped with aut@tic reading mechanism at various residential and commercial
facilities. Implementation of the Ndletering £heme begain October 2016 with ECG after the
successful pilot. However, ECG put the scheme on hold in the first quarter db2@lléged fear

of reduction in their revenue generatidie Energy Commission in collaboration with ECG and
PURC ardhereforecurrently working on resolving thchallenge

91 Council for Technicahnd Vocational Education and Trainif@@TVET) is a national body set up by an Act of
Parliament of the Republic @hanato co-ordinate and oversee all aspects of technical and vocational education
and training in the country.
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Annex1 1T Schematic Overview of Ghana Energy Demand and Supply

System

The integrated energy supply feeds the endgyand economic sectors comprising Residential,
Commercial & Services, Agricultural & Fisheries, Transport and Industries. The Energy Supply Sector of
Ghana is thusBiomass, Petroleum and Power (Electricity)whilst the Energy Demand sectors of the
economy are thdResidential, Commercial & Services, Agricultural & Fisheries, Transport and

Industries (Figure A).
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Annex 21 National Grid Transmission Map
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Annex 31 Liquefied Natural Gas Regas Terminal Technologies

The nor mal way to transport natur al gas is th
transoceanic shipments of natugals. Liquefied natural gas, or LNG, has been cooled so that it can be s
more efficiently as a liquid in specially designed cargo ships. Transporting natural gas this way
specialized facilities at both ends of the voyage.

LNG could be delivexd through the following terminal technologies:
i Temporaryorstoyap through fABasi gycBiti dge VBRBssel so
1 Floating Regasification plants using grounded LNG vessels which have retired from services.
1 Permanent LNG rgasification plants.

Energy Bridge Regasification Vessels

Energy Bridge Regasi ficat i o ruilt\fleating storage rgasificati&nBuRitg
(FSRU) LNG tankers that incorporate-board equipment for the vapourigatiof LNG and delivery of high
pressure natural gas. It is the technology that can be delivered in the shortest possible tiiti@niz year.
These vessels load in the same manner as standard LNG tankers at traditional liqguefaction terminals
retain the flexibility to discharge the gas in two distinct ways. These are:

T Through the EBRVO6s connection with subsea
T through a high pressure gas manifold | ocat

The maximum ate of discharge of the natural gas from an EBRV into the deepwater port is determing
combination of the availability of capacity on downstream pipelines and the regasification capabilities
facilities located ofboard each EBRV.

LNG Manifold

High Pressure
Gas Manifold

Figure A3.LNG Energy Bridge Regasification Vessel
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