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Executive Summary

Energy Commission presergsipply and demanftbrecasts for electricity, crude oil, petroleum
products natural gasand charcodlor the yeaR015. Factors that could influence the demand and

supply are also discussed.

Electricity :

1. In 2014 the total electricity made available for gross transmission was 13,071 GWh as
against 12,927 GWh in 2013; 143Wh more thanast year The net grid electricity
transmitted to the country was 12,906 GWis against 12,823 GWh in 2018ss than
one percent morbut 12-16% less than the projected requiremantl equivalent to 400
500 MW shortfall Peakloadfor thesupply to Ghanan the transmission gridvas 1,970
Megawatts (MW);roughly10% more than in 2013 and the total (maximum) peak on the
transmission gritiwas 2,061 MWabout 6% more than 2013

2. For 2015 the total electricity requirement of the countrguld range as follows:

€)) 14,15014,730 GWhwith VALCO operating at one potlindo maintain the

economic growth at an average of-4.8% and

(b) 15,40816,398 GWhwith VALCO to be operating ahore than oneotling to
raise the economic growth from the @nt 4.2% td®b-6%.

3. The corresponding Ghanadés peak demand (ir

transmission system peak wouldbetweenl,9832,300 MW.

4. The grid electricity available for supply in 2015 based on the planned expansion of
generation capaiyi would bel4,300-14,500 GWh. The higher the penetration of gas in
the fuel mix, the easier the higide of the electricity required is within reach, since gas

is far cheaper than oil.

! Gross transmissiciwheeledi exports.
2 Referred to as Domestic Peak Load by some of the utilities
3 Ghana Peak load + Exports



5. Levels(a) howeverjs achievableprovidedthe planned capacity adidins for this year
are timely completeédnd there isfinance foradequate fuelwe expect total installed
capacityof the country to increase from about 2,830 MW in 2014 to almost 3,256 MW
all by thermal additions withveragedependabland availablegpaciies of about 2,900
MW and 1,712 MW respectivethisyearL ast year 6s average deperl
capacities were about 2 5MW and 1,42 MW respectively.

6. Any further shortfallon the other hant likely to keep the economy at the lgrowth
path of 3.5% as projected for Ghana in 2015.

7. To eliminate the loadshedding in 2015however,would require a minimum generation
of 16,39817,350 GWhwhich translatento additional capacity requirement £60-550
MW . Allowing for a minimum of10-15% of ®inning reserve would brintghe total
capacity shortfall t&00-1,000 MW translating intcan overallnational installed capacity
requirement 0##000-4,200 MW. The highsidecould arise iVALCO operaesmore than

two potlines.

8. In the light of the foreseerlectricity supply shortfall, e Government has gone for
internationalthermal powercontractstotalling & least1,370 MW of which 800-1,000
MW is likely to be available durinthelast quarter 02015

0. The challenge however securingadequategaswhich is a less expensive futdr the

thermal plants.

Natural gas

10. In 2014, a total ofabout 225 billion standard cubic feebg§cf) of gas was delivered by
theWest Africa Gas Pipeline (WAGRYr thermal generatiorlhis wasalmost twice that
of 2013translaing into an annual mean ofraost 62 million standard cubic feet per day
(mmscfd but still less than the contract volume of aboutb46f which translates into
123 mmscfd expected from Nigerikoreover the supply in 2014 was more erratic
comparedd 2013.

“Excluding fiemergency power bargeso.
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2014 also saw the first local associated gas flow from the Atuabo gas processing plant in
the Western Regioto the thermal plants at Aboadze for power generationng the

last quarter buthe flowaverage®5 mmscfd and was largely in the tesfiphase.

For 2015 we estimate the average WAGP gas flow to be 60 mmscfd, i.e. same as last
year, whilst an average of 80 mmscfd (range 6fL60 mmscfd) is expected from the

Atuabo gas making a total averageldb mmscfd or 50,400 mmscffor the whole gar.

For 2015 we further estimate thathe gasflow required for fuelling the thermal plants
would range betwee8,620mmscf (68 bcf®) or 188-300 mmscfd” during thefirst half
of the yeamnd77,103 mmsc{77 bcf) or 211-350 mmscfd, during thesecond hdl of the
yeakr.

Additional minimum of240 mmscfdwould be needed to run the power rentals

Estimated available gas supply 50,400 mmscf in 2015 means, there would be a
minimum gas supply deficit df8,200 mmscfwhich translates into initial oil requingent
of 5.5 million barrels by end ofJune and ramping up to abatuimillion barrels of oil

during the second half of the year.

In 2014 the delivered WAGP gas pri€ewas $8.47 per MMBtY$856 per mscf for
foundation customers and $9 per MME#9.17 per msci for the onlyapparenstandard

customer which is the Sundksogli Power Planat Tema

For 2015, the delivered WAGP gas price woldderaged per MMB tu ($9.17 per mscf)
for both foundation and standard customers. That of the Jubilee gas is ests%36/
per MMBtu ($8.99 per mscf).

The development of the TEN (TwenebiéayenraNtomme) fieldscommenced in 2013

andis expectedo produce an averagmssupply of 6370 mmscfdand between 3000

5120 mmscfd high will be reached occasionally not likely to be in most cases.

8 bcfis billion cubic feet or mmmscf.

" Low-side when the plants are operating at averagely higher efficiencies. High consumption when the plants are
operating averagely low efficiencies.

8 A typical 100MW single gcle thermal plant takes on the average 30 mmscfd by volume. A combined cycle of
300MW plant on the averages takes 60mmscfd.

9i.e. including duties, taxes, etc



50,000 barrels a dalyy 2017° However,with oil price averaging$60 per barrel, the
schedule of completion of the projexuld delay since the project economics was based

on an oil price of $80 per barrel.

19. The year 2014 saw the approval of the plan of development (POD) for Sankofa, and
Sankofa East fields dntheir consequent commencemesankofa, and Sankofa East
fields on the other hand are largely gas fields adtiat matter more likely to be

completed in 2017.

20.  Production from these new fields would make availahleverageotal of between 300
500 nmscfd by 2028

Crude oil and Petroleum products

21. In 2014 the average purchase priceByentcrudewas$99 per barrel compared $109
per barrelin 2013 i.e. about 9% lower thain the previous yearAverage price in 2012

was $113 per barrel.

22.  For2015, the average pricat whichGhana wouldsource Brent crudis expected to drop
further to within $60-65 per barrel.Thusthe average price iprojected todrop by 34-
3%%. The average price for other light crudes for refinery operations would fall within
$55-60 per barrel. Average delivery price for light crude oil for power generation would

range from 85-90 per barrel.

23. For 2015 we estimatethat the total crude oil and imported producejuiredshould
increaseo about 365 million tonnes from aboud.34 million tonnesin 2014 in order to
maintain the economic growth at 4.2% and alsontet optimal refinerypperationsas

well asrefinedproducts for local consumption.

24.  Just asn 2014 crude oil required for refinery operatioslouldvary from 1.5 million
tonnes {-10 million barrels) during the year, depending upon the availability of the Tema

Oil Refinery and its auxiliary units. Thehortfallwould have tobe imported.

10World Bank report: Energizing Economic Growth in Ghana: Making Power and Petroleum Séstais tRe
Challenge, June, 2013. Energy Group, African Region.
11 Same World Bank, Energy Group report, June, 2013.



25. In 2015 For LPG, the total national requiremerstould be within 300,000350,000
tonnes de to the growing demand, particularly as transport, flust as projected for
2014 However, limited natiowide storage capacity coumnstrain supplyo the low
sidein 2015.

26.  The breakdown of the total petroleum products requoe&015would be as follows:

Product National supply requirement in Tonnes
Total Gasolin&* 1,150,000 1,200,000
Total Diesel 1,760,000 1,850,000
Kerosene/ATK 240,000- 250,000
LPG 300,000- 350,000
Total 3,450,000 3,650,000

27. In 2014 caudeoil productionfrom the Jubilee fielJumped t038.7 million barreldrom
30.4million barrels in2013 Corresponding aly production averageti05,935 barrels in
2014 and1,000 barrelgn 2013

28.  For 2015 oil production is likelyto increase to an average ofQ000 barrels per day
during the first half of the yeaampng up t0115,000120,000 barrels per day during the
last quarter oR015since now thre is no need fore-injection of the gasasthe Atuabo
processing plant is in operation

Charcoal

29. In 2014 theaverage prices of charcoal in the country rose from G3er mini bag and

GH¢21 per maxi bagn 2013 to aboutGH¢17 per mini bag and GH per maxi bag

respectively.

12NB: *Total gasoline includes Premix* Total diesel includes supplies to the mining companies and bunkering
i.e. supply to ships.



30. For 2015, we estimate that the average charcoal price would increast-2A4 in the
coastal areas of Greater Accra, Central, Western and Eastern Regions. The average price
is likely to increase by @®15% in the inland regions of Ashanti and Brong Ahafbe
difference would be as a result of transportation ¢d¢stionwide, we estimaten average
drop from 26% in 2014 tt5-20% for 2014.

Recommendd Actions

31. To ameliorate the overall power supply shortage prevailing in the country, emanating out
of inadequate fuel supply for power generation, investments in liquefied natural gas
(LNG) as an alternative gas supply to augment the limited local and unreliable gas from
the West Africa Gas Pipeline from Nigeria should be purstredhis light, the sector
Ministry in conjunction with the Energy Commission are finding ways to help the @rivat
sector to build LNG regas facility in the country in the shortest possible time.

Achieving 50% nationwide penetration of LPG

33. National LPG penetration share increased from 6% in 2000 to 18% in 2010. The sector
ministry is targeting 50% penetration by1®but it is not likely to be achieved due to
limited distribution outlets nationwide.

34. This canhoweverbe achieved by implementing the measures to support and accelerate
the supply and use of LPG outlined in the Energy Sector Strategy and Development Pla
2010and the LPG Policy Paper, 201these include

(a) Deliberate government policy to make the LPG produced available for local
consumption as against export;

(b) Removal of price distortions;

(c) Re-capitalisng Ghana Cylinder Manufacturing Company (GCMC) dmpand
production capacity with the production of cylinders focused on small sized
cylinders that wuld be portable and affordable to households in rural
communities

(d) Construcing LPG storage and supply infrastructure in all regional and district
capitalsin the long term, and to develop district capital LPG infrastructure in the

medium term

Vi



35.

In this light, he Ministry of Petroleum and thiational Petroleum Authoritghould
consider looking at investment incentivesetacourage the Oil Marketing Compasénd
other interested investors $et up more LPGtorage andlistribution centresn-country

to increase access and consumption.

vii



Foreword

THE ENERGY COMMISSION has the mandate to prepare, review and update periodically
indicative national plans to sare 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 energyour ces available to the nation. Ene
promoting and ensuring uniform rules of practice for the production, transmission, wholesale
supply, distribution and sale of electricity and natural gas.

In fulfilment of its mandtes,the Commission has been preparing annual energy demand and
supply outlook to provideguidelinesto the energy sector operators and potential investors as
well as the wider business community wishing to operate in the country. The purpos2@ibthe
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 the next 12 months.

This documentovers demand and supply of electricity, crude métroleum productsnatural
gasas well acharcoal

I n the document, O0Demandd is used when referr
sector, e. g. Residential ,|] y CRemeari aieale,nt @r 1 $ n
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 bihe Strategic Planning and Policy Division of the Energy
Commission. General questions about the report should be referred to Mr. Michael Opam,
(mopam@energycom.gov.ghmichaelopam@yahoo.cmthe Acting Executive Secretary
Specific questions about the content may be directed to Dr. Joseph Es¥addoh
(essandohyj@energycom.gov, ggyeddu@hotmail.cojpHead of Strategic Planning and Policy
Division.

Your comments are most welcome.

Michael Opam

Ag. Executive Secretary
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1.0 Power Subsector

1.1 Overview of grid power supply in2014

Installed generationcapaciy® available for gridpower supply as at the end a2014 was
2,831 Megawatt (MW)and the generation was 12,963 GWfnsisting of 64.7% hydro,
34.75% thermal and 0.05% solar posgeTable J.

Table 1. InstalledGrid Electricity Generation Capacity asof December 204.

CAPACITY (MW) GENERATION
FUEL ) =
GENERATION PLANT TYPE R E &3 9 % - E
gg| 9 g8 gg & | O
£ g X < 8 < Zx X
Hydro Power Plants
Akosombo| Hydro 1,020 900 743 6,509
Bui | Hydro 400 380 84 730
Kpong | Hydro 160 140 130 1,148
SubTotal 1,580 55.8| 1,420 956 8,387| 64.70
Thermal Power Plants
Takoradi Power Compan
(TAPCO) | OIl/NG 330 300 102 890
Takoradi International Compan
(TICO) OIil/NG 220 200 82 712
Sunori Asogli Power (SAPP] NG 200 180 144 1,255
Tema Thermal Plantl (TT1F OIl/NG 110 100 80 697
Tema Thermal Plant2 (TT2F OIl/NG 50 45 26 223
CENIT Energy Ltd (CEL)| OIil/NG 126 110 58 513
Takoradi T3 NG 132 125 10 87
Mines Reserve Plarl OIil/NG 80 70 22 195
Subi Total 1248 | 441 1,130 521 4,635| 34.75
Renewables
VRA Solar Solar 2.5 4
Subi Total 25 0.1 0.05
Total 2831 2,552 | 1,482 | 12,963

NG is Natural gas

B nameplate

M TAPCO is Takoradi Power Company, a combined cycle (CC) thermal plant; TICO is Takoradi International

Power Company, a single cycle (SC) thermal plant




The total electricity made available fogrosstransmission in2014 was 13,071 GWh as
againstl12927 GWh in 2013 The 2014 grid electricity transmissiocomprised98.74% of
generation and 1.26% onports.The Ghana load at peak on the transmission gridlvga®
MW and the grid syem (maximum) peakwas2,061MW.

Total power transmson lossin 2014was4.3% of gross transmissior).1 percentage point
lower than in2013(seeTable 2.

Table 2. Transmission losses since 2008

Year | 2008| 2009 | 2010| 2011 | 2012| 2013 | 2014

Transmission losses as % of gross

. 37 | 38| 3.7 | 47 | 43 | 44 4.3
transmission

1.2 2014 forecastsand actuals

G h a nraafGsoss Domestic Product (GDP) growth2014 was 4.2%a drop from7.1% in
2013 and8.8% in 2012%° As in 2013, he dip in the GDP growth has been attributed to
negative growth irthe Manufacturing subsemt and thelndustry in generallargely due to
the inadequate grid power supplied culminating itihe worseningnationwide load
sheddingduringthe year.

For 204, we projectedhatall things being equathe total electricity required wouldave

been betweenl5,72516,500GWh but for the gengally tight economic conditionscoupled

with the prevailingoad shedding, wémited the total electricityequiredto 14,57115,351
GWh; the lowside being as a result of lower than expected flow of gas formgeveration

and the higkside would have covered VALCO operating at two potlines. We then forecasted
that he grid electricity available for supply based on the generation cajestityeawould

be within13,01213,971GWh.

In addition,we projected tat Ghanads peak | oad and the tot s
transmission system would béetween 1,900-2,200 MW and 2,200-2,300 MW
respectively’. G h a namtbas peak load and the total system peak on the grid transmission
system in2014were 1970 MW and 2,061, and just as in last yea? ALCO did not operate

beyond ongpotline (see Table8).

Gross electricity supplied i8014 wasjust 12,906GWh!®, againstthe low-caseforecastof
14,57%15,351 GWh'® for the year(see Eble 3.

15 Ghana Peak load + Exports

16 Ghana Statistical Service (GSS), March, 2015.

17 Correspondingdigures for VALCO to be operating betweest$otlines are 1,980 MW and 2,500 MW.
18 Excluding exports to CIE and CEB.



Table 3. Grid Electricity and associated fuelsForecasts and Atuals for 2014.

2013

2014

Forecast

Actual

Total Electricity requirement
(VALCO at 34 potlines in brackets)

Not applicable

14,57115,351
(15,72516,500

Not applicable

(GWh)
Grid Electricity available 13,01113,971
(GWh) 12927 12,906
Percentage hydro(%o) 63.7 63-69 64.7
(GWh) (8,233) (8,782) (8,387)
Ghana System Peak
(MW)’ 1,791 1,98062,200 1,970
GRIDCO Transmission System
Peak/Maximum Demand 1,943 2,2002,300 2,061
(MW)
Annual Mean WAGP gas flow 31 4550 618
(mmscf per day)
Mean Jubilee gas flow NA 80-100 35.3
(mmscf per day)
Oil required/consumed 200 1,1581,250 931
1000 Tonnes 4.9 (8-9) 6.5
(Million barrels) ' '
WAGP gastransportation tariff * 4.244.35 4.234.25 4.35
US$ peMMBtu ($ permscj (4.32-4.43 (4.31-4.33 443
Average price for WAGP gast* 2.469 2.582.59 258
US$ peMMBtu ($ permscj (2.5) (2.602.62 (2.60
Delivered gas price * 8.27-8.38 8.40-8.55 8.47-9.00
(other charges included) (8.36:8.59) (8.568.71) (8.639.17)
US$ peMMBtu ($ permscj
Average price for Brent crude ~109 107-108 99
US$ per bb($ per MMBtu gas equiy. (18.73) (18.418.6) (17.09)
Average price for light crude oil (LCO)
dedicated for power production 117010 8 11802121309 $i181§())
$ per bbl($ per MMBtu) (17.18) (18.618.9) (18.9)

* Actual data in $/MMBtu courtesy of WAPCo. Leige for Foundation customers and higjde for

Standard customers. Other charges include delivery fee, ELPS transport fees, insurance, etc.
** Prices indexed to LCO amkgotiated between the buyer and supplier and reviewed every six
months. Actual data in $/MMBtu courtesy of WAPCo.-sale for Foundation customers and high

side for Standard customers.

19 Low side includes VALCO operating at ehgo potlines and higiside considers VALCO operating at three

four potlines.




This implies that supply was 1116% less than the forecasted regumientlast yearcompared
with 10-15% less, for 2013. This could explain thadequate power situation culminating in
the worsenetbad-shedding situation carried out in the year.

We also projected that oil required for thermal power generation woulgk rerom a
minimum of 1.16 million tonnes to a maximum of 1.25 million tonnes (abeitndllion
barrels) during the year, depending upon the availability of the thermal plants and the
volatility of oil prices. Actual oil used was just about 931,246 tor{6es2 million barrels),
representing 781%of the projected requiremergdge Tables)3

Light crude oil (LCO) purchased purposely for power generation averaged $110 per barrel
during the year; $117 per barrel during the first quarter, falling to $10dgvezl in the third
guarter just after the global price slump in July, and dropping to about $83 per barrel during
the last quartersee Tables)3 Ghana however bought Brent crude at a relatively low average
price of $103 per barrel during the first haff2014. The price fell further to an average of
$86 per barrel during the second half of the year. Average price of the Brent was $107 per
barrel in January reaching a maximum of $112 in June, thereafter, dropping to a minimum of
$62 per barrel in Decereb, 2014.

The WAGP gas supply in024, improved over that of 2018/ about50% more than we
projected for the yeagven though, was still far short of about 2Zathscfd required in that
year and moreover, was still below the contracted volume ofri®3c. The supply in

2014 washowevermore erratic compared to 2013. Erratic supply increases operational cost
of the power plants due to the gabgas switcing which increases theservicing
requirements

Average WAGP gas flow in 2014 was 61.8 mmdsabaut twice that of 2013 with the
minimum and maximum flows occurring in August and September respectively. Total gas
flow was 22,541,001 MMBtu, almost twice that of 2&8LEsee Tablel).

The gas price was within our forecdstr the year $8.47 per MMBtu fo VRA, the
foundation customer and $9 per MMBtu for Susfsogli, a standard customer.

The expected gas from the Jubilee field on the other hand did not materialise as we projected
for last year. Gas started to flow from the Atuabo gas processing plamg the last quarter
butaverage®5.3 mmscfdand was largely in the testimgd commissioninghase.

Average annual precipitation for 20in the hydropower dam catchment arezss higher
thanin 2013 as projected With prudent management of the hyassource, igher inflows
into the hydropower reservoir wouldhvemearn highergeneratiorfrom hydroin the light of
lower than expected gas supply.

20 Total WAGP ga flow in 2013 was 11,573,011 MMBtu.



Table 4. Monthly and Daily Natural Gas Supply from WAGP in 2014.

Ghana Total
Month
Monthly flow in M MBtu | Daily flow in mmscf
January 1,862,621 60.1
February 1,637,288 58.5
March 1,471,483 47.5
April 1,902,184 63.4
May 1,848,987 59.6
June 2,041,079 68.0
July 2,198,767 70.9
August 1,400,610 45.2
September 1,797,959 59.9
October 2,141,149 69.1
November 2,404,278 80.1
December 1,834,598 59.2
Average 1,878,417 61.8

Source: Volta River Authority, 2015.




1.3 Forecast for2015

Electricity Requirement of thé&conomy
The real GDP growtdeclinedfrom 7.1% in 2013 to 4.2% in 2014.idtprojected to deease
further in2015 to 3.5%on the back ofhe worseningowercrisis and fiscal consolidatiéh

But for the power crisis, the economy was expected to expand from 7.1%3m0Z01% in
2014 and 8% in 2015.

At a high GDP growth of 7:B% perannum in 2015, we had projected under SRERat
the total electricity generatidhrequired for the country would have been as follows:

1 16,39820,900 GWhwith VALCO operating at one potline; and
1 20,90022,074 GWhfor VALCO to be operating anore thartwo potlines

However, at the projectddw GDP growth rate of 3.5% for Ghana for2015 we expectthe
total eletricity required for the countrthis yearto dropto the following levels

(1) 11,234 GWh without VALCO operating; on-going load shedding would be
worsered

(2) 14,15014,730 GWhwith VALCO operating at one potlinen-going load shedding
is reduced if VALCO is entirely shutdowamd

(3) 15,40816,398 GWh for VALCO to be opeating at twopotlines; on-going load
sheddings reducedsignificantlyif VALCOkeepsoperaing at one potline.

Level (1) would sink the econaogrowth from the preserdt%oto 3.5% in 2015.
Level (2) would maintain the econaergrowth at 4.24.5%in 2015 whilst

Level (3) would help raise the econimngrowthto 5% and abovdt is assimed that energy
consumption is directly related to economic growth for developing and middle income
developing countries.

Level (2) is achievable provided the planned capacity additions for this year are timely
completed and there adequate financiaksource to procure all the fuel needed to then
thermal power plants at higher utilisation fact(sse Table b

The corresponding Ghanabos peak demand (1 n
transmission system peak foevel (3) would average2,300 and 2,500 MW respectivels’.
Averagedependableapacity would fall within,9062,300 MW .

2! GhanalMF Threeyear Programme report, March, 2015, ,

22 strategic National Energy Plan (202620), Energy Commission, availableratw.energycom.gov.gh

23 Total electriity generation=grid/public generation + private bagkgeneration.

24 about the same as projected r 2014. This also corresponds to GRI DC



http://www.energycom.gov.gh/

Impact of the loadshedding orthe Economy

The World Bank® hasindicatedthat electricity is the second most important constraint to
businessactivities in the countryand that Ghana lost about 1.8% of GDP during the 2007
power crisis

ISSER, in its 2014 studf/ also indicates that orthe average, the country is losing
production worth about US$ 2.1 million per day (or, US$ 55.8 million per monthipgursty

caused bythe power crisis alone and that the country lost about US$680 million in 2014
translating into about 2% of GDP due to the power crisis. It further indicated that firms that
do not have access to sufficient étmity have lower output/salesand that not &ving
sufficient electricity |d80ers firmds annual

Stable and sufficient electricity supply iBus undoubtedly a key input to firm growth,
expansion and developmef@.h a nanmualelectricity consumption per capita since 2010
has leen averagely below00 kWh compared to thglobal minimum average &00 kWh

for lower middleincome developing countries. Even though, the country recorded a marginal
increase from 399 to 410 kWh per catween 2013 and 201there is still a signifant
electricity energyeficit to be cleared.

During periods of outagdaberefore many firms that do not have access to a backup system
may shut down, downsize or perhaps change businesdSiBER in its report found that
only 20% of about 350 mediuand smalscale enterprises (SMEs) surveyed had access to
backup generators anfdr a number of micro firmgt visited, only 10%had backup
generatos.

Between December 2014 and end of first quarter 2015, about 1000 workers had been laid off
by their empbyers, the reason attributed to low industrial output as a result of inadequate
powers,

To eliminate the loadshedding in 2015would howeverrequire a minimum generation of
16,39817,350 GWh with correspondingdependable capagit of about 3,200 MW

translding into installed capacity odround3,50 MW, roughly 24% more o
Such woul d al s oconsumpt®repertcdpiéato aroundéO0 kvhéarsd would

be synonymous wi t h lowdreiddeonoomeécouptdy.s st at us as a

25World Bank, Energizing Economic Growth in Ghana: Making the Power and the Petrolewrs &ise to
the Challenge, February, 2013

26 |ISSER s Institute of Statistical Social and Economic Research

27 Electricity Insecurity and its impact on Micro and Small Businesses in Ghana, Charles Ackah, Senior
Research fellow, ISSER, University of Ghanal20

28 http://www.myjoyonline.com/business/2015/Mar2fith/goldfieldsghanato-lay-off-200-workers.php
http://www.businessworldghana.com/cewal-lays-off-98-workerg; http://www.ghana
news.adomonline.com/business/2015/m&6th/dumsoichocheindustriesto-lay-off-workers.php



http://www.myjoyonline.com/business/2015/March-27th/goldfields-ghana-to-lay-off-200-workers.php
http://www.myjoyonline.com/business/2015/March-27th/goldfields-ghana-to-lay-off-200-workers.php
http://www.myjoyonline.com/business/2015/March-27th/goldfields-ghana-to-lay-off-200-workers.php
http://www.businessworldghana.com/coca-col-lays-off-98-workers/
http://www.businessworldghana.com/coca-col-lays-off-98-workers/
http://www.ghana-news.adomonline.com/business/2015/march-26th/dumsor-chocho-industries-to-lay-off-workers.php
http://www.ghana-news.adomonline.com/business/2015/march-26th/dumsor-chocho-industries-to-lay-off-workers.php

Available Grid Electricity Supply

We expect the trend of average annual precipitation fobZikticularly in the catchment
areas of the hydrodans belower thanin 2014. Rainfall data for the past ten years suggest
that the high precipitationassociatedvith maximum sunspot cyclésolar maximum) had
peaked in 20143. In fact, the sunspot peak in 2013 was the weakest in the last 100 years
(see Anex2). Weak sunspot activities imply thgeophysical forces needto pushrainfall
currents such as the inteopical boundariegar inland would be weakenedesulting in

more precipitations at shorter distances from the equator and the coast.

For this reason, the hydrodam catchment areas which are largely inland are likely to
experience lower than expected agerannual precipitation for this year and next, i.e. up to
2016°. On other handthe coastal areame likely to experience some spikes in precipitation
such as stormbut no hydrodam at theoast to harvest theelatively heavy precipitatios

there We slould however b mindful that climate change could distort all these predictions.

Nevertheless, @ projecta reservoir elevation gain 09-10ft by end of Octoberfor
Akosombo translating into225-250 MW additional capacity to the prevailing available
capady range of500-550 MW of the Akosombdiydropower Generating Statidoy end of
the thirdquarter of 2015. Thus available capaafythe Akosombo hydropowehis year is
likely to be100-125 MW short of its dependable capacityd8f0 MW. This also meansiere
would only bebetween I5-225 MW extra generation capacity be managed during the dry
spell until the end of the first quarter of 2016.

We alsoexpect additional thermal capacity of ab6@8-703 MW net to be available to the
grid owing to theexpectedcompletion of the following projects:

110 MW installed capacity steam unit of the TICO Thermal power plant at Aboadze;
200 MW KpongThermalPowerPlant;
160-180 MW SunoprAsogli gas plant2;

Retrofitting of the(Mines Reserg Plant)MRP from 40MW to 76 MW, and

1
1
1
1 25 MW Trojanthermalplant;
1
1 20 MW BXC solarpowerplantnear Mankoadze in the Central Region
1

Rehabilitation of the 132 MW T3 power plant at Aboadze.

22The 11 year sunspot cycle takes a sine shapefif®iyears for the first arm of curve, otieree years to
plateau orrough, and another fodive years to complete the full curve.



There are however some challenges. The 200 MW Kptregmal Power Rnt is diesel/gas
powered.The gas system is yet to be completed and so until it is ready and sufficient gas is
available, the planwill be diesel fuelled and awuld only operatdargelyas a peaking plant.
Currently, 100 MW is ready and the remaining unit is expected to comenenmost
probably during the second half of the year.

SunonAsogli plant at Tema is undergoing expansion and it is expected to add about 180
MW comprising 160MW gas and 20MW steam turbine by the end of the year. However,
due to gas supply challenges, we aot likely to see it commercially operational by the end
the yearlf anything, very limited not exceedir&)% of dependableapacity.

Of the over 64 provisional licences issued for wholesale power supply from Renewables, 15
of the companies have reced siting permits. However, only two have advancedh&
constructionstage They are the 20 MW solar photovoltaic grid intexd plant being
constructed by BXC company at a location near Mankoadze in the Central Region and the 14
MW seawave energy planear Ada in the Greater Accra Region. The 20MW solar plant is
expected to come on line during the third quarter of the year whilst that of the 14 MW wave
power is scheduled for early 2016. The othernfiflicantswith siting permits are all waiting

for Government Support and Consent Agreement (GSCA) before they proceed to the
construction stage.

The 132 MW Takoradi T3 thermabower plant that malfunctioned in 2013 still not
operative buplannedfor rehabilitation this year. The plant suffered a nunddeoperational
failures between 2012014 but the Canadian supplier has agreed to provide new turbines for
the plant. However, search for funding is likely to delay its commercial operations this year.

From the above analigs we estimate that th@aximum grid electricity available in 2015

would not exceedl5,119 GWh with the correspondindependable anishstalled capacity of
about2,922 MW and 3,250 MW respectivelyprovided the planned capacity additions for

this year are timely completed and theradgquate financial resource to procure all the fuel
needed to run thermal power plants at the projected utilisation fgse@sTables). This

means that the existing generation capacity could supply about 15.6% more than last year
which is equivalent tan increment of about 231 MW.

However, should fuel supply be less than expectedpreject thdow-side supplyto be at
least14,150 GWhwith average dependalbtapacityaround2,600 MW.



Table 5. Maximum Grid Power Generation Capacityestimatedfor 2015.

CAPACITY (MW) _F?Ian_t :3/ ;Ir:lgli Expected
GENERATION PLANT Utilisation . Energy
Factor | 3PS | Gypy
Installed | Dependable (MW)
Hydro Power Plants
Akosombo| 1,020 900 0.75 675 5913
Kpong 160 140 0.90 126 981.12
Bui 400 380 0.20 76 66576
SubTotal 1,580 1,420 877 7,682.52
Thermal Power Plants®
TAPCO (CC) 330 300 0.70 210 1,839.60
TICO (SC) 330 300 0.50 150 1,314
Sunoni Asogli (gasi 200 180 0.80 144 126144
SunonAsogli (gas) 2 180 160 0.20 32 280.32
Tema Therral Planti TT1PP 126 110 0.70 77 674.52
Tema Thermal Plant TT2PP| 49.5 45 0.70 315 275.94
T3 0 0 0 0 0
Mines Reserve Plant (MRP 80 76 0.50 38 332.88
CENIT Energy Ltd 126 110 0.70 77 674.52
Kpong Thermal Power Plan 200 180 0.40 72 630.72
Trojan 25 20 0.50 10 122.64
SubTotal 1,466.5 1481 841.5 732774
Renewables and Embedded
Generation
VRA Solar gridinter-tied 2.5 2 0.30 0.6 5.26
*BXC Solar grid Power 20 19 0.15 2.85 25
Subi Total 22.5 21 3.45 30.16
Total 3,249 292 1,712 15,119.02
*provisional.

++Estimated

Fuel and Cost Implications
Gas required for fuelling the thermal plantsuld range betwee8,620 mmscf (68bcf) 32,
or 188-300°2 mmscfd during the first half of the yeaand 77,103 mmscf(77 bcf) or 211-
350 mmscfdduring the second half of the yéar

S0TAPCO is Takoradi Power Company, a combined cycle (CC) thermal plant; TICO is Takoradi International

Power Company, a single cycle (SC) thermal plant.
31 Tcf is trillion cubic feet or mmmscf
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This year 2015would seecommercialgas coming from two sources, the WAGP and the
Atuabo gas processing plantthe Western Region

We estimate the average WAGP gas fiow2015to be 60 mmscfd, i.e. same as last year,
whilst an average 80 mmscfd (range 0f60-100 mmscfd?) is expected fronthe Atuabo
gasmaking a totalaverageof 140 mmcf per day supply or 50,400 mmscf for the whole
year®®, Assuming an average price $8 per MMBtu for the WAGP gas and the Atuabo gas
combined the total cost of gas required is estimatef4&g! million for 2015.

Estimated available gas supply®3,400 mmscfin 2015 means, there would bergnimum
gas supply deficit 0fLt8200 mmscf which translates into initiabil requirement of5.5
million barrels by June and ramping up to abouillion barrels of oil during the second
half of the year.

LCO dedicated for power generation was bought at an average price of $83 per barrel during
the last quarter of 2014. We estimatpeakaverage prie of $90 per barrel for 2015. At this

price, $504 million would be needed during the first half of 20h6reasing to almos§700

million during the second half of the year to purchase oil for power generation

Meeting thesenergy and financiakquiremats howevedo not eliminate the current load
shedding but maintain the prevailing schedulesAnnual capacity shortfall has been
estimatedo bebetweer200-250 MW since 2010

Eliminating the shortfall and consequently the Loashedding

To eliminate the ontgoing load shedding requiresa minimum generatiorangeof 16,398
17,350 GWh Deducting the projected grid generation &{119 GWh from it leaves a
supply deficit ofabout1,279-2,231 GWh which is equivalent to providingpproximately
200-300 MW net capacity.Such would bring the projectedtotal dependablecapacityfor
2015t0 3,122-3222MW .

However, the grid power systenwould still experiencea noticeable nationwiddoad
shedding whenever a unit ey 200 MW is shut down for servicirignaintenane unless
adequate spinnirigeserve margin iprovided Allowing a minimumof 15% reserve margin
could eliminate such forced loasheddingbut would require additional thermal capacity
equivalent 0f350-440 MW bringing the totahet capacity required to at 800-1,000 MW
with correspondingotal nationainstalled capacity o4,000-4,300 MW for 20155,

32 ow-side when the plants are operating averagely higher efficienciesskighvhen plants on the average
operating at frequencies.

33 A typical 100MW single cycle thermal plant takes on the average 30 mmscfd by volume. A combined cycle
of 300MW plar on the averages takes 60mmscfd.

34120 mmscfd high will be reached occasionally but not likely to be in most cases.

35 Assumed 140x360 days.

3¢ Projected dependable capacity range is 34200
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Constructing power plants in the range800D-1,000 MW would range fromfive to sven
yeas normally associated witlgreenfield baseload plants such as larghydropower
combined LNG gas$ired andcoal power facilities Any stopgap measure should thus cover
such a period (fivé six years)Nuclearpowerincluded but that takes longperiod; not less
than 10 years

Mobile distributed power rentals usualye f er r e d t o00oralemparaeyipewerg e n c y
systens areemployed to fill suchmedium to longerm power supply gapwhilst permanent

power plants are being builtiEA estimates that the power rental market would grow by
17.6% between 2018019 and largly in developing countrié$

PowerContracts
In the light of theelectricity supply challengeshe Government has ordered thalowing
powercontracts through independent power producers (IeRsjtigate the situatiot;

Karpower Ship from Turkey (4BJW);
AKSA Power from Turkey (370 MW)
APR from UAE (250MW); and
General Electric (300MW).

cC:

Thi s s e a pdwercdostiactsare not only needed to fix trmurrentshortfall but
provides these cebenefits:

1 Providing the necessary cushioning @low Akosombo and Buihydrodams to
recover to appreciable levels in the light of the less than expected precipitation in
their catchment areas this year.

1 Enabing the major thermal pants to underganandatory maintenance when due
without the need for nationwedloadshedding;

1 Allowing the necessary long term-séructuring of theexistingpower sector market
to ensue long termsustainability to be implemented.

1 Allowing construction of basic infrastructufer greenfieldbaseload plants such as
LNG and or coaplants

STIEA, Global Power Rental Market 202919
BsEmer giretme sgnge that they are immediately needed to offset the huge shortfall in power supply and to
mitigate significantly, the oigoing natiorwide loadshedding.

12



Karpower is likely to provide 225 MW this year and the remaining 225 MW comi@g16
It is contracted to run for 10 years using ailgas if the latter is availableA site in the
Western Regiois being prepared to receive the plant.

AKSA Poweris providing 200 MW this year and the remaining 170 lVdlilable next year.
It is likely to be run on oil andsiteto receive ithas been prepared.

The APR Power is providing 250 MWt is going to bdocatedat Aboadzenear the existing
Takorad thermal plantsand that makeit easier to haveaccess to the gas frothe Atuabo
processing plant

GE 300 MW is somehow uncertain due to fuel availabilttis currently considering oilve
estimate that it can provide around 125MW by end of the year

Thus there is a high certainty ddt least 800 MW which is minimum of the estimated
demand deficjtto be availableandconnected tohe gridby end of the year

In all cases, for the plants running on oil, the delivery poiceowerwould average 4 U.S
cents per units (KWh) and an average of 13 U.S cents per units for those to be run on gas.

More efforts therefore should also be geared towards increasing tte-ahsatio in the
generation in order to reduce high cost impact of the delivecg fmn the main offaker
which is the Electricity Company of Ghana and consequently, the public tariff, bearing in
mind that the oftaker is currently on the average only able to colteaghly 60% of its
expected revenues.

Opportunity for Deployment bSolar PV for the Commerce/Services Sector

The prevailing Norresidential tariff (see Table6) means that it wouldstill be cost
competitive to encourage mass deployment of solar electricity currently havino feetf

of 58.36 pesewas per kWh8.24 US cents per kWh equivalenf for systems without baek

up storage and 64.41 pesewas per K&M14 US cents per kWh equivalenf for systems
with backup storag?’) for commercial applications like lighting in stores, water pumping, or
shaving off consumptioin the commercial and services sector during peak urslso as

an energy conservation measure

On the other hand;ustomerswith consumption more than 600 kWh a month, technically

r ef er r ehd 600 Gonsaraption Clagss c u s fab ime thezost range of operating
diesel gensets. Even though, it offers that class the choice of switching to diesel, it increases
the operational cost, or simply, the cost of doing business in the Commerce and Services
sector. This could also give a backlash wheeerevenue earned is diverted to cover diesel
operational expenses.

39US cent 1 =3.198 Ghana pesewas/erage at September 30, 2014 when the tariff were set.
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Table 6. Non-Residential Electricity Tariff for 2014 and 2015

CONSUMPTION RATE
CLASS Gp per kwWh US cents per kWh
Year| 2014 2015 2014 2015
0-100 45.2 60.79 16.99 16.00
101-300 45.2 60.79 16.99 16.00
301-600 48.1 64.69 18.08 17.02
600+ 75.9 102.08 28.53 26.86

US cent 1 = 2.66 Ghana pesewas average in March, 2014.
US cent I 3.80 Ghana pesewas average in March, 2015

Rooftop Solar Programme

In the light of the power suppkhortfall, he Energy Commission with its mandate to ensure
the development and utilisation of the renewable resources has initiated the rooftop solar
programme in an effort to contributertotigatingthe current power crisis.

The objective of the pgramme is to reduce the daily national peak load byNMOthrough
selfgeneration using solahotovoltaic PV) technology.

The programme is targeted at h@naffices, hospitality industry and small businesses.

Under the programme, a capital subsilgiven to beneficiaries in the form of rebathich
would pay for part of the total cost of the solar system, specifically, the BdManodules
while the beneficiaries pay for the balance of sys{®®S) components. Beneficiaries
would also be given the djpn to take a special bank loan tffset the payment
commitments.

Summary of forecast for the power sector for 2015 is as follgsee Table 7)
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Table 7. Summary of Power Sector forecast for 28

Optimum electricity requirement to eliminate the load

Sedang Gy e
(VALCO at3-5 potlines in brackets) ' '
Expected dependable capacitgMW) 3,200-3,300
(Including spinning reserve margin (4,00064,200)
Corresponding installed capacity(MW) 3,500
(Including spinningkeserve margih (4,2004,500)
(L;'\Ij\%y available grid electricity supply 14,300-14,500
Projected dependable capacityMW) 2,9002,922
(projected installed capacity (3,250)
Likely shortfall in capacity (MW) 450550
Total capacityrequired to cover existing shorfall and

spinning/reserve margin(MW) 800-1,000
nMVI%/me r g e n c goatrad® impoded to offset shortfall 1.3761,500
k/lll\jslzloPower contracts expected to be available this year 800-1,000
Ghana System Peak/Maximum Demantt 2,200-2,400
MW

ﬁs\}DCO Transmission System Peak/Maximum Demartd 2700-2,900
Projected volume of gas required(mmscf)*® 68,60077,100
Estimated available gas supplymmsci) 50,400-50,600
Expeded Jubilee gas flow rate 60,006100,000
MMBtu per day(mmscf per day) (60-100)
Total delivery Jubileegasprice 8.82

$ per MMBtu($ per mscf) (8.99)
ExpectedWAGP gas flow rate* 50,000-70,000
MMBtu per day(mmscf per day (50-70)
Total delivery WAGP gasprice * 8.85-9.00

$ per MMBtu($ per mscf) (8.99-9.17)
Optimum crude oil (LC O) requirement** i

Million barrels (kilotonnes) 5-7(800-1,000
Average price for light crude oil (LCO) dedicated for powe 85-90
production$ per bbl($ per MMBtujcif) (14.6-15.46)
Average price for Brent crude 60-65

$ per bbl($ per MMBtuffob)

(10.31-11.17)

*Low-side is for foundation customers and higile for standard customers.
** _ow-side oil implies more gas available and higilde implies less gas available

40 provided a range tallow for potential additional contracts during the year.

41 Domestic peak

“2Excludes

go, Benin and l a Cote DO6Voire
BExcluding supply e

AEmergencyo power plants.

15



2.0 Petroleum Subsector: OIl

2.1 Overview of petroleum supply in 204

Saltpond field

Total oil production fromthe Saltpond field ii2014 was 97,300 barrelscompared with
98,289 barrels in 20#8 Meandaily and monthly productiawere 290 and 8108 barrels

respectively Once again, as in the previous yeang groductiontrendis an indicaion that
the field has matureand consequentlgrying up(seeFigure 1).

Crude Oil Production from Saltpond Fields
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Figure 1. Comparing Saltpond field oil production in 2013 and 2014

44 Data provided by Saltpond Qil Fields Company.
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Jubilee field

Total oil production from the Jubilee fielid 2014 on the other hand wagsound38.7 million
barrels compared witB0.4 million barrelsin 2013; about eighimillion barrelsmore tharthe
previous year(an increase of aboWl7%). Total production in 2012 was 27.4 million,
meaning production is on the ascendency.

Average dily oil production from the Jubilee fielthcreasedrom about91,000 barrelsn
2013 to 105935 barrels in 204 (i.e. about % increase)still though,unable to reach the
target of 120,000 barrels per day as projected by the indsisicg 2012 (seeFigure 2).
Average daily production in 2012 was 81,000 barrels.

Jubilee field Oil Production in 2014
140,000
120,000
oo aal
.~ 80,000 I
£ | I
a
60,000
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0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec
= Net Oil Produced (BBLS) Expected Production (BBLs)

Figure 2. Jubilee field production in 2014

Monthly mean daily production was fairgtableaveragng 105,000 barrels throughout the
year; the peak average daily production was in February at about 110,000 barrels but dropped
to its lowest at 100,186 barrels the following month March

Crude Prices
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In 2014, cude oil from the Jubilee fieldas sold at an average priceatfout $96 per barrel
compared with abou$109 per barrelin 2013°, about11% drop Starting with an average

price of $109 per barrel during the first quarter, gerdo $110 per barrels in the second
quarter, and then dropped to $102 during the third quarter then to its lowest at about $63 per
barrel in the last quarter of the year.

Average price of crude oil sourced by Ghana in 2014 was $99 per barrel compéi€d to

per barrel in 2013see Table8). Average price of the Brent was $107 per barrel in January
reaching a maximum of $112 in June, thereafter, dropping to a minimum of $62 per barrel in
December, 2014.

Table 8 compares the Ghanaian sourced oil priaed those of West Texas Intermediate
(WTI) representing the United States and the London Brent representing Europe.

Table 8. Average crude oil prices in Ghana, United States (Gulf Coast), and Europe (tt
North Sea).

Ghana WTI Brent Crude

Year Gu_lf Coast/ North Se_a/
United States United Kingdom
U.S dollars per batrrel

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

Source: Bank of Ghana, LondonGasPrice.com, tradingnrg.@omw.statistica.com

Global Scan

The global economy has been sluggish since 2013, growing%t@g@Bannum. The global
growth is projected to pick up increasing to 3.5% by end of 2015 and increasing§otbys.7
close of 2016. Whilst average gréowbf advanced economies expanded from 1.3% in 2013

to 1.8% in 2014 and is projected to reach 2.4% by end of 2015, that of emerging market and
developing economies dropped from 4.7% in 2013 to 4.4% in 2014 and is projected to
decline furthe to 4.3% in 2015Growth in SubSaharan Africa is projected to drop in 2015

to 4% from 4.5% in 2014 and this is being attributed to the fall in prices of oil and other
commoditie$®.

45 Sourced from Bank of Ghana and Ministry of Finance, December 2013; firstquéargerl 1 2; see€eond qua

$102; third quarte$110; fourth quarterestimated at $111.
46 IMF, World Economic Outlook Update, January, 2015
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From the above discussion afidm Tables 9 and 10, it is clearthat for a developing
ecoromy like Ghana, economic growth is directly and strongly related to injection of
adequate energy.

19



Table9. Ghanads Oi l | mports, costs and GDP g

Real GDH
Crude oll . Petroleum |Average |at 200€¢Average
v (million tonnes) (O ProductSyonedin (crude [constant  [Exchange e GDF
ear imported il ori : R growth
(1000 tonney US$1000 oil price |prices ate Rate
Import edExported (fob) US$/bbl  [Million GHs=$
GH Cedis
2010 1.66 0.01  [1,590 2,134 80 24,101  [1.45 8%
2011 1.53 3.53 2,109 3,159 111 27, 87 1.55 15%
2012 121 [378 2,573 3,279 113 30,040  [1.88 8.8%
2013 1.30 5.11 2,946 3,550 109 32,242 1.97 7.3%
2014 0.69 5.39 3,394 3,668 99 33,589 3.20 4.2%*
* Estimated
Data source: Bank of Ghan®arch 2015Ghana Statistical Services, Pb
Table 10. Ghana Economic Growth and Energy Consumption compared
Year | 2010 2011 2012 2013 2014
Real GDP in US$ equivalent 16,621 17,734 15,979 16,366 10,497
GDP Growth % 8 15 8.8 7.3 4.2
Final Energy consumed per GDP | 0.24 0.23 0.22 0.21 0.2
(TOE)
Primary Energy consumed per 0.28 0.30 0.32 0.32 0.34
capita
Middle-income average minimun 0.50 0.50 0.50 0.50 0.50
benchmark
Final Energy consumed percapita 023 024 025 026 026
(TOE)
projected 0.40 0.42 0.42 0.43 0.43
Middle-income average minimun 0.40 0.40 0.40 0.40 0.40
benchmark
However, Ghanabés consumption of both pri mar

average minimum exhibited by countries of lower middle income status as compiled by the
International Energy Agency (IEA).

We projected under SNEP 1 that all things being etfuséihe country should had had energy
injection of at least 0.40 tonnes of equivalent (TOE) by 2010 increasing to 0.43 TOE by
2015, i.e. achieving the required energy supply and consumption to facilitate ctieforta
living standard of the populace and befitting a country of lower middieme status.

47j.e. should the recommendatiomsde in SNEP 1 had been followed
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Domestic consumptioand stocksn 2014

Crude oil imported for domesticonsunption was just around 693 thousand tonnes (~4.85
million barrels)in 2014 compared tol.3 million tonnes(9 million barrels)in 2013; a
decrease of almost half the quanfitym the previous yeaElectricity production accounted
for almost90% of the crude oil consumption whilstimary refinery operationaccounted
for the remainingl0%. Total products consumed 2013 amounted to lenost 3.3 million
tonnesjustaboutone percent less than 20128

Except for gasoline and premix fuel which welmat the same as last year, almost all the
products supplied to the market2014,were lesghanin 2013 The three major movers in
2013 were RFO, gasoline, and diesel; whilst 2012 hachprgasoline, LPG and gasoline
the highest moversee Table 1)1

Table 11. Petroleum products supplied to the Economyor 2012-2014

CHANGE
2012 2013 2014 | b/n 2012 | b/n20B
PETROLEUM & 2013 & 2014
PRODUCT 1000 tonnes Percentage
LPG 268.5 251.8 2415 -6.2 4.1
Gasoline 992.7 1,080.6| 1,102.3 89 2.0
Premix 58.9 53.4 56.2 93 52
Kerosene 45.6 27.8 9.3 -39.0 -66.5
ATK 141.3 131.9 113.9 6.7 -13.6
Gas oil/diesel | 1,665 | 1,722.6| 1,713 35 -0.6
RFO 33.5 39.3 26.8 17.3 -31.8
Total | 3,205.5| 3,307.40[ 3,263.1 3.2 -1.3

Source: National Petroleum Authority, 2015.

Total net oil products suppliétto the economy continued to show an upward trend; it was
about3.9 million tonnes in 204 compared to ® million in 2013 (see Figure3) but largely
(about 85%) imports, whilst local production from Tema Oil Refinery (TOR) accounted for
just around 3%, the remaining -12% provided by storage stocks. Productimm TOR
continued to nosédive; reaching its lowest in 2014 of about 129 thousand tonnes from its
average annual peaks of 1.5 million tonnes in the early to middle of last decade.

48 Stocks from the previous year but held by the oil marketing companies might have added up to the supply in
the year to make up the total consumption.
4 Total net oil supply = production + impoitsexports
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Petroleum products imported in 2DWvere about 3 million tonnes, an in@ase of about
15% over imports in 203. The products imported were LPG, gasoline, djdsel oil and
aviation kerosene

Diesel had about 51% share of the imports, followed by gasolines with about 37%, then
LPG-7%, ATK-3.3% and fuel oil, 1.4%. In termd percentage points however, ATK was

the most imported fuel, an almost thHfe&d increase in 2014 after a previous dropped by
almost half in 2013 from 2012.

Gasoline importdropped to about 23% in 2014 from 25% in 2013 after incredsimy
14% in 2012 Diesel oil imports alsa@lroppedfrom 25% in 20130 about 6% in 2014 after
increasingfrom 9% in 2012 LPG imports increased marginally to about 16% in 2014 from
around 15% in 2013after adrop from about 36% in 201ResidualFuel oil (RFO) import
growthwas about 9% from 2013 to 2014.

Products exported were largely marine gas oil (M@ heavy gasolinéhaphtha) the
former sold to foreign vesselJotal product expoed in 2014 droppedmore than foufold

to about 21,000 tonnes. It had declinedabyost halfin 2013 from about 180,000 tonnes in
2012.

TOTAL SUPPLY, EXPORT, IMPORT AND CONSUMPAEIROIEEUM
PRODUCTEROM 2000 TO 2014
IN THOUSANDONNES
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Figure 3. Total oil products supplied from 2000- 2014

22



2.2 2014 forecastand actualk

From monthly peaks of $112 per barrel for Brent and $105 per barrel for West Texas
Intermediate (WTI) in June, 2014 tigeobal crude oil benchmarks fell to $gfrbarrel and

$59 per barrel in December, 2014, respectively, thus a drop of almost 50% of their average
prices since July, 202% Ghana did not escape the global price slisae Table 2).

Table 12. Yearly average crude oil prices for 204: Forecast and Actuals

Ghana WTI & NYMEX Brent Crude
Gulf Coast/ North Sea/
United States United Kingdom
Brent | LCOs* Brent LCOs* Brent
Forecast 107-108 | 105106 | 105106 | 96-97 107-108
Actual 99 96 99 93 99

*Qther light crudes / U.S refiner
Source: Bank of @ana,U.S EIA Short Term Energy Outlook, 2014, 2015

G h a ntatdl crude oilimport in 2014 dropped by about 46% to 693,200 tonnes from 1.3
million tonnes in 2013Crude oil for refinery operatiowas also just 10% of the total crude

oil imported in 2014andhas continuously dwindled since 2010 reaching its lowest of 70,100
tonnes in 2014 compared t o2miliGRdnees peednmume r y
(see Table 13)

Capacity utilisation at Tema Oil Refinery (TOR) worsened from ab8ttin 2013 to just
around 3.5%n 2014. Meanwhile, based on international standards, 95% capacity utilization
is required for refineries to achieve economic viability.

Table 13. Operating performance of Tema Qil Refinery with and without the RFCC*

Without RFCC With RFCC
Tonne per year Weight % | Tonneper year | Weight %
Technical operational 1,995000 100 1,995000 100
capacity in tonnes
Products
LPG 26,136 1.3 114,944 5.8
Gasoline 300273 15.1 580,615 29.1
Naphtha 38,595 1.9 0 1.9
ATK/kerosene 270,629 13.6 270,629 13.6
Diesel 716,206 35.9 798034 40.0
Fuel Oil 582,994 29.2 71,575 3.6
Consumption/Losses 60,379 3.0 119,930 6.0

Adapted from Tema Oil Refinery data

50 http://www.dailyfx.com/crudenil
51 RFCC is Residual Fuel Catalytic Cracker.
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TOR is supposed to refine all the crude oil needs of the country, except for consignments
mearn for power generation. It comprises a Crude Distillation Unit (CDU) of production
capacity 45,000 barrels per day (bpd) and a 14,000 bpd Residual Fluid Catalytic Cracker
(RFCC) unit to process RFO, a-pyoduct of crude oil processed by the CDU, into more
diesel, gasoline and LPGee Tabld.3).

The countryédés annual petr ol e thencapaeityaf TOReby;e n t
more than 50%assuming TOR is operating even at 90% capacity utilisation.

Except for gasoline, almost all the petroleum presistpplied were below our projections
for 2014. Deficit is estimated at almost 200,000 to 400,000 tdseesTable 4).

Table 14. Comparing major petroleum products consumption in Ghana in 2013 and 203%

2013 CONSUMPTION 2014 CONSUMPTION
PRODUCTS 1000 Tonnes 1000 Tonnes
Forecast Actual Net /shortfall Forecast Actual Net /shortfall*
Gasoline 850970 1,080.6 110.6230.6 | 1,150-1,200 1,158.5 8-41.5
Diesel 1,6001,700 1,722 22-122 1,760- 1,850 1,713.3 46.7-136.7
K?A"Ts}f”e 200-230 159.7 40.370.3 240- 250 123.2 116.8126.8
LPG 250-300 251.8 1.848.2 300- 350 241.5 58.5108.5
Tota] 30003,20( 3,214.; 14.1 3,450 3,65( 3,263.5 198405.5
INB: Total diesel consumption includes sales to the mining companies and bunkering.
Total gasoline cosumption includes premix and other premium formulations.
Petroleum supply shortfall ibrackets red
* Low-side implies high efficient fuel consumption.

There was not much improvement in ATK supply but the industry had gotten accustomed to
refuelling abroad due to supply unreliability in the previous yaaK supply shortfall in the
country in 2013 compelled a number of foreign airlines to make alternative refuelling
arrangement with neighbouring countries before landing or taking off in thergturthe
shortage also affected the local aviation industry such that some airlines were forced to
reduce their operatiorfs

Shortfall in LPG supply continued into 2014, but less challenging than in P@&8and for
LPG would continue to grow consideritige seemingly large number of vehicles thad ha
switched from gasoline to LPi@ the earlier yeargsee Figuregl andb5).

521n this analysis, products supplied to the economy were assumed to be consumed.
53 Upon an advice by the Ghana Airport Company.
54 Sourcedrom Ghana Airports Company, Tema Oil Refinery, March, 2014.
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Figure 5. LPG consumption shares for2000 and 2010
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National LPG penetration share increased from 6% in 2000 to 18% ir?°20h@ sector
ministry is targeting 5% penetration by 2016 but it is not likely to be achieved due to
limited distribution outlets nationwide.

For instance, to achieve a 50% nationwide penetration of LPG, the consumption would
require an LPG supply of at least 450,000 tonnes by 2020 bassu estimated population
of 31-32 million by the end of the decade.

This can be achieved by implementing the measures to support and accelerate the supply and
use of LPG outlined in the Energy Sector Strategy and Development Plarar&Dilee LPG
Policy Paper, 2012Theyinclude

T

Speedhg up the establishment of a Natural Gas Processing Plant to produce LPG from
the associated gas to be produced from the Jubilee Oil and Gas Field

Deliberate government policy to make the LPG produced available for local
consumption as against export;

Removal of price distortions;

Re-capitalisng Ghana Cylinder Manufacturing Company (GCMC) to expand
production capacity with the production of cylinders focused on small sized cylinders
that would be portable and affordabie households in rural communities

Construcing LPG storage and supply infrastructure in all regional and district capitals
in the long term, and to develop district capital LPG infrastructure in the medium term

552010 Population Census, Ghana Statistical Services
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2.3 Forecast for 20b

Oil production from the Jubilee field has averagedO,D00 barrels per day since the
beginning of the year

For 2015 we projectthe oil production to ramp ugo 115,000-120,000barrels per dagince
significant volume of the associated gase now being piped out totéabo for processing

Further we forecast that averadgrent crude oil that Ghana buys woulié within $60-65
per barreP’ and $55-60 per barrel forother light crudegor refinery operationgseeTable
15).

Table 15. Forecast for averagdight crude oil prices for 2015

United States$® Europe™®
Ghana
FUEL BRAND (WTI and NYMEX) (UK & Holland)
US dollars per barrel
Brent crude 60-65 60-61 63-65
Other light crudes/ U.S refiner 55-60 54-55 56-58

Jubilee field oil was exported at an average pric96f18 per barrel in 2014. We expect the
average price for 2015 to fall with$60-65 due to the global price slump.

With the significantdrop in crude oil prices, &maintain the samestimats projected for
2014, i.e.the total crude oil and importedquucts requiredor 2015 should range between
3.45-3.65million tonnes in order to meet optimal refinery operations and products for local
consumptionand also if the economy is to be salvaged from the projected slow growth of
3.5% for 2015 t@ level wdl above 42% growth for this year.

To further avoid the cyclicalproduct shortages;rude oil required for refinery operations
should fall within1.0-1.5 million tonnes (7-11 million barrels) during the year, depending
upon the availability of the Temail®Refinery and its auxiliary units.

The remainin@.45-2.55 million tonnes balance would be imported products.

56 Either by flaring or transporting to the gas processing plant at Atuabo.

57 With characteristics almost or similar to Brent crude.

58 US EIA quotes forecasts Brent at $60.79 and WTI crude at $54.32 for 2015.

%1 ondon and Rotterdam trading for Brent averaged $64.75 for 20%.tradingeconomics.com
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Table 16 presentshe estimated totalefinedproducts required for 261

Table 16. Petroleum product forecast for 205,

PRODUCT National supply requirement
Tonnes
Total Gasolines 1,150,000-1,20,000
Total Diesel 1,760,000- 1,850,000
Kerosene/ATK 240,000- 250,000
LPG 300,000- 350,000
Total 3,450,000 3,650,000

LPG supply: A third of thetotal LPG requirement couldomefrom TOR, if operating at
over 90% capacity on the average during the {@=eTable16).

Additional LPG supplies for the country is expected from processing the wet associated gas
from the Jubilee field, now that the Atuabo gas processing facility has begpenational.

For instanceprocessing 80 mmscfd of the wet gas would yield about 500 tonnes of LPG a
day, which would be enough toanedumtertn dembned c o un
of 300,000350,000 tonnes per annum up to 2620 Ability to meetirg this supply
requirement would translates into achieving ¢the u n targst 6f$0% penetration within

20152020.

Total national LPG storage capactiyverageis however a challenge, since the distributions
are largely found in southern Ghana, from Kasm Koforidua and along the coasn
summary,storage limitationsould constrain the supply @around300,000 tonnes in 208
Otherwisetotal LPG requirement of the country could exc86d,000 tonnes up t058,000
tonnes due to thexpected availabtly from the Atuabo plafit.

Priority Issues

We reiterate some of theissues raised in the earli@utlooks since they were hardly
implemented.

80 Same as for 2014

61 Assuming short term i-2 years; 2012016 and medium term; 202920.

52 Energy Commission (2011), Liquefied Petroleum Consumption survey; ZOWA Energy Survey in
Households, Industries, Commercial and Services.
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i Expand refinery capacity as soon as possible

Crude oil in stock would still have to be refined into usabid products. With the
commercial oil production, Ghana stands to gain immensely if immediate steps are taken
to expand the refinery capacity of the counlrygosts less to import crude oil for refining
locally than importing the finished products as showTable 17.

Table 17. International Price Scale: Ratio of prices of refined product against crude oil

Products F.O.B C.ILF*
Crude all 1.0 -
Gasoline 1.3 1.57 1.6
Diesel 1.25 1.371 1.4
Kerosene/ATK 1.35 14715
Fuel oil 0.61 0.7 0.81 0.9
LPG 1.4 1.571 1.7

* Depending upon distander delivery

Ghana announced her intention to expand the Tema Oil Refinery (TOR) as well as build a
new refinery in the late 1990s but no constructiondmasestarted.

Export opportunities in the West Africaubregion abounds andnaexpanded refining
capacity would therefore position the country to take advantage of the inadequate refinery
capacity in West Africa. @tal consumption in nerefinery countrie®’ in West Africahas
exceeded 20,000 barrels per dayabout6 million tonnes per annumBesidesNigeria has
total refinery capacity ofover 800000 BPD (about 20 million tonnes) but production has
been belows0% capacity dudargely tooperationadifficulties. Ghana could quicklgxpand
TOR whilst it makes plans to constru@ new refiney to meet local demand as well as
targeting theeconomieswithin the subregion, particularly thosevithout refineriesand at
least, capturing 3% of the market by 2020. Since, building a new refinefyabout100000
barrels per day capacitytakes between3i5 years, such dacility in Ghana ould be
operationaby 2@0if construction startby 2016.

With the limited refining capacitwithin the West African subegion for the shorto-
medium term, it is prudent that thieght and attractive investment climate is created to
encourage investment in new refineries in the country.

It must however be noted that the profitability of refinery operations is very sensitive to the
capacity utilisation; 90% capacity utilisation Hasen accepted as benchmark for economic
operations of most refineries. ltowld thereforebe economically wise to locatsuchsaya

83 Benin, Burkina Faso, The Gambia, Guinea Bissau, Eqa&tBriinea, Liberia, Niger, Mali, Mauritania, Togo
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100,000 barrel per day refinery plant in the Export Processing #oR&) with export
market agart of itstarget.

i. LPG Supply
Increasing refinery capacity and revamping of TO8Uld increase the production of LPG at

TOR. Limited storage capacitpationwide however would continue to constrain local
distribution and access

Additional LPG supplies for the countrgre now awilable from processing the wet
associated gas from the Jubilee fiedthce the Atuabo gaprocessing facilityis now in
commercialbperation

Evacuation of the LPGor now is being done by road since the originally planbB¢&
pipeline has not been uiOverland pipelines are generally found to have lower cost per
unit and higher capacity compared to shipment by rail or road and for that matter the most
economical way to transport large quantities floids®® over land. Overlandpipeline
transportatiorand distribution have thereforedrethe dominant mode for terrestriall and
productstransportlt is also said to be safét.

64 Also natural gas and crude oil.
55 Advances in Natural Gas Technology, INTECH publication, April, 2012, edited by Hamid-Megten,
www.intechopen.com/boak

30


http://www.intechopen.com/books

3.0 Petroleum Subsector: Natural Gas

3.1 Overview of natural gas supply in2014

Total gas flow in 208 was 23,633724 MMBtu (23,63 22541 mmscf) about 95.4%
coming from Nigeria vidhe WAGP and the remaining 4.6% coming from the Atuabo gas
processing plant during its testing phase.

About 586 (63% in 2013) destined to theSsunonAsogli thermal plant in Tema and the
remaining 4% (37% in 2013) to the VRA thermal plant afakoradi(see Figures). All the
indigenous gas however went to the Takoradi thermal plant.

GAS IMPORTS THROUGH WAGP
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Figure 6. WAGP gas supply for Ghana in 2013 and 2014
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3.2 201l14forecast and actuals

Average WAGP gas flow in 2014 was 61.8 mmscfd compared to our foreca30-60
mmscfd, albeit, the growing gas demand and increasing nationalism in Nigeria over gas
exports.

We projected that associated gas from the Jubilee field would come on line between August
and December 2014 with an average supply ofi@® mmscfd. It @l come on lineas
expectedbeginning November with an average of 16.64 mmscfd increasing to a peak of

about 64 mmscfd for a day in December and ending the year with an overall average supply
of 35.3 mmscfd.

The WAGP gas price was $8-8749 per MMBtu for VRA, the foundation customevhich
was within our estimated price of $8.4)55 per MMBtu(see Tablel8). SunonAsogli
power plant in turn pai@9 per MMBtu forits portion of the gas received from VA

Table 18 WAGP Delivered Gas Price Componentfor foundation customersin 2014

_ Customer Price

Detalls $/MMbtu
Gas Purchase 2587
ELPS Transport 1.2745
WAGP Transport 4.3465
WAGP Credit Support Charge 0.2000
WAGPA Charge 0.0600
Pipeline Protection Zone charge 0.0300
Shipper Fee 0.0000
Delivered Gas Price ($/MMbtu¥’ 8.498

Source: Adapted from WAPCo, 201

The total delivery gas price in 2013 was $8.27 per MMBtu for Foundation customers and
$8.38 per MMBtu for Standard custonf&§hus a marginal increase of about 2%.

56 Sunon Asogli does not directly buy the gas from WAGP but VRA buys it from the latter then swaps it since
Sunon Asogli has no contractual purchase arrangement with WAGP.

67 Delivered gas price is not an absolute sum of the listed charges. It liy tiseidotal less the repetitive

charges. It also does not include the Credit Support Charge component.

58 Source: WAPCo, 2015. Communications with the statistical personnel.
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3.3 Forecast for2015and beyond

For 2015 indications from the industry players suggestlight upward adjustment in the
WAGP gastransport from about $4 to $5 per MMBbanging projected total delivery price
to about $9 per MMBtu.

The price of the Jubilee gas is estimate8 &4 per MMBtu

Comparatively, average spot (Henry Hub) price in the United Stapesjected talropfrom

$4.52 per MMBtu ($4.60 per mscf) to between3#8B5-$3.88 per MMBtu ($3.92-$3.95 per
mscf)®® whilst averagemport delivery price inEuropeis expectedo drop from $D.05 per
MMBtu ($10.24 per msgfto around$7.80-8.10 per MMBtu ($7.948.25 per msqgfduring

the year IMF projects long ternaveragegas pricefor mainland Europas $9.4 per MMBtu
($9.57 per mscf) and largely coming from Rugsize Table 9)°.

Table 19. Averagedelivery gasprices in Ghana(WAGP), United States Henry Hub), and
Europe (the North Sea) 2011-2015

WAGP+Jubilee/ | Henry Hub/ Northsea
Year Ghana United States Europe/
U.S dollars perMMBtu

Averagedong termimport pricesin italic brackets
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 8.49 452 10.05
2015 8.84-9.03 3.85-3.88* 7.80-8.10** (9.47?)

*forecast; ** spot market price, own forecast
Source: Bank of Ghana, LondonGasPricengdradingnrg.com

Securing adequate supply of gas is fundamental to improving availability as well as
providing relatively affordable electricity price.

Nigeria gas supply challenges

Ghana has been expecting much of its natural gas to come from Nigewaver, there are
currently 23 gridconnected generating plants in operation in the Nigerian Electricity Supply
Industry (NESI), with a totainstalled capacity of 10,39MW and available capacity of

69 Spot prices usually do not include transportation cost.
70US EIA Short TernEnergy Outlook, March, 2014.

"1 Estimates from US EIA Short Term Energy Outlook, 2015
2 Long term forecast from IMF, March, 2015
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6,056 MW. Most generation is thermal based, with rstalled capacity of 8,457.6 MW
(81% of the total) and an available capacity of 4,996 MW (83% of the &stal) 2014,

Nigeria had projected texpandits installed capacity to about 13,000 MW by 2016 and
15,000 MW by 202against an estimated demand2&,651 MW by end of the decdde
However, the nation could onfichieveavailablecapacityof 5,500 MW beginning 2015,

This ambitionputsa greater strain on the existiggssupply situation. Nigeria istruggling

to achieve its domestigas supply andexport plans. Supply requirement totals abbut
billion cubic feet per day (bcfd)for domestic consumption, LNG contractgaipments and
WAGP commitments but the country currently is only able to produce dhbwoeftd of which
about2.8-3.0 bcfd goes to poduce the22 million tonnes of LNG its exports annually.
Existing power plants requires btast 1.5 bcfdwhich means there is little or none for
pipeline export to WAGP partners and that supply to the latter ramps up only when a local
power plant trips iis offline for maintenance.

The country needs to develop new fields to meet the projected demaindiusity experts
estimatethat to happenbetween2017-2018, provided existing schedule is executed as
planned.

The current policy of the Nigeria govenent somehow seems to be meeting local gas
demand first before considering exports to neighingucountriesFor this reason, there is a
policy in place compéhg all major gas shippers including-GBas that ships gas to Ghana
through theWest African GasPipeline (WAGP) to meetlocal supply quota first before
export. As of end of 2013, most shippers are finding it difficult to meetabe quota
obligationand should be one of the reasons for the relatively low average suppesGP.

Suchdoesnottagur wel | f emediuGhleameaedgyecusith o r t

For N-Gas of Nigeria to limit gas supply to WAGP at contract volume of 123 mmscfd
instead of the full capacity of 440 mmscfd as originally agreed in the supply contract is of
concern but not hopelg. The supply balance of 312 mmscfd reinforces the opportunity for
the development of a viable alternative supply option such as an LNG terminal.

Under the WAGP sales agreemeDpen accesso the pipeline, i.eallowing third parties to
access the pipele if convenients now in place

73 http://www.nipptransactions.cgra015

74 Power Generation: Status and Outlpakresentation by Presidential Task Force on Power, at Electric Power

l nvestors 6 Forum by Bureau of Public Enterprises,
S Energy Commission of Nigeria, website news updat&udarter, 2015.

6 Energy Commission source.
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3.4 Alternative natural gas supply sources
3.4.1 Supply from the Jubilee field

In November 2014, local associated gas from thmlek field started reaching the thermal
plant at Aboadzegveraging 35.3 mmscfd by end of thege

For 2015, we expect the flow to ramp up8@100 mscfd on the average throughout the
year.

Total associated gas produced as a result ofdhiy oil productionin 2014 was about
55,779 mmscf;15% more than in 28 About82% was reinjected,6% was usedas fuel for
onboard operationsjust one percent more than last yemmpared t09.5% in 2012
Associated gas flarealsowent upone percent to 9%om 8% in 2013 (see Figurey).
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Figure 7. Jubilee field daily gas production in 2014

Nonethéess, there is stilthe fact that the ass@ted gas from the Jubilee field even at 120
mmscfd alone would not be adequate to meet the current gas requirements for-toedium
long term. For this reasoGhana is looking asupplementargupply optionssuch asother
indigenous fields antNG imports
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3.4.2 Supply from other domestic fields

Besides theassociatedas from the Jubilee field, moaee expectedrom otherneighbouring
fields in the short tomedium term the mat prominentbeing TEN (Twenebog&nyenra
Ntomme) field whee oil productionis exp&ted to commence between 26A®1 77, but this
would depend o therate of development of the fiel@dEN is expected to yield an average of
90 mmscfd for over 20 year operational lifetime.

The Sankofa field another neighhaing field presents the most siicant proven non
associated gas discovaryrecent timesEstimated yield is abottice the projected average
yield from Jubileg about 185 mmscfdeepwatertnon-associatedhowever means it would
cost more to develop the field. Wellhead price ismwatiedto be$6-9 per MMBtu compared
to wellhead cost of the Jubil@ssociated gas.

With the number of thermal power plants currently installed and expected to be in operation
by 2015,supply requirement by the end of the year including potetiadand by the power
rentals would béetweer350-400 mmscfd. Gas demani projected texceedd00-mmscfd

by 2017(see Table @)"°.

Meanwhile, otal production from all these local fields is expedtechmp up tca maximum
of about400 mmscfdby 2018if developmens of the fieldsarecarried out as planned. Total
gas supply is not likely to exce®&d0 mmscfd by 2020

Even though, most of the gas would be destined for power generation, there would be
demand for industrial purposes such as heating anedstéek

In making our forecashoweverfor the natural gas up to 2020, we deahe following
assumptions:

1 that industrial use of gas is not likely to be realised aftiélr 2020 and beyond

1 that a typical uredertilizer plant with minimum capacity of0®,000 tonnes per year
would require about 50 mmscfd but would not be available wftdr 2020 if
construction is even to staits2018

1 that a typical methanol plant with minimum capacity of 800,000 tonnes per year
would require about 70 mmscfd butowld not be available untiafter 2020, if
construction is even to commenoe2018

" Estimated as the commencergear. The operator, Tullow is optimistic that the first oil can flow by-mid
2016.

"8 Natural Gas Pricing Policy for Ghana, Final Report, World Bank, May 2012, consiaBarcia
Consultores S.A

7 See 2010 Energy Outlook, Energy Commission, 2010.
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Table 20. Natural gas forecast forGhana in mmscfd 2015-2020

Min

Power only 350 400 840 840 870 870
Max
Power only 400 446 1,128 1,128 1,140 1,140
Estimated
averagesupply 120180
range

Source: Energy Commission, 201

3.4.3 LNG Supply Option&

LNG supply option(see Anex3) however would be relatively expensive compared to local
or the WAGP gas but cheaper than crude oil.

The estimated demand &50400 mmscfd for 2015is abwe the breakeven point for a
typical 200250 mmscfd LNG reagasification facility.

LNG imports would augment domestic gas to make up adequate supplies to meet both power
and industry requirement such as foe anticipated production of fertilizers (urea), alcohol
(methanol) and other petrochemicals.

Potential LNG supplies are likely to come from cargbgng between Western African

(Nigeria and Angolpand theEuropean markets. LNG cargoes from Nigewgacunted for

3% of United Statesd LNG supply in the past
shippers to look for alternative markets such as the growing Asian market.

Ownership and financing arrangement would also impact significantly on theofctise
delivered gas. Ownership can be Joint Ventgieared cost between a Ghanaian and foreign
partners; Public or State Private Partnership (PPP); or facility wholly owned by a foreigner
investor.

PPP through state participation by providing soggreguarantee is likely to reduce cost
further due to potential decrease in risk cost.

Table 21 presentsa qualitative analysis of likely cost range for the country if such is built
within the next two years.

80 Se= Annex 3
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Table 21. Estimated LNG cost range basedrocargo shipments from Western Africa to United

States and Europe.

Ownership/Financing Arrangement in
US dollars per MMBtu”

Add
LNG Cargo Destination Joint Operator | Construction
PPP Venture/ wholly of off-
Shared Cost| owned loading/regas
berth
Nigerian cargo originally destined to USA| 6-7 89 9-10
From Nigeria efroute to Europe 7-8 9-10 11-12 102.0
Angolan cargo originally destined to USA| 7-8 9-10 10-11 o
From Angola erroute to Europe 8-9 11-12 1314

"Assuming operating life time of1® yearsand minimum delivery volume of 200 mmscfd
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4.0 Woodfuel Subsector: Charcoal demand and prices

Average prices of charcoal in the countoge fromaboutGH¢13 per mini bag and GHl
per maxi bagn 2013 to GH¢17 and GH®5 in 2014 respectivelyincrease®f about26% for
mini-bag andl9% for the maxibag over the previous ye&e projectedthat average charcoal
price in 2014 could increase by20-25% over 2013 average price nationwide due to thignificant
shortfall in LPG supply across the country durihg year

As usual, he coastal regionsvere thehigh-price regiongut included Upper East Region this
among the top fouHowever besides Greater Accra, the transitional regions of Bkbiagp,
Northern and Upper West Regioasperienced the most sigigiént charcoal price increment
in 2014(seeTable22).

The lowprice regions werstill Ashanti, BrongAhafo, Northern and Upper WeRegions

Table 22. Average price per bag of charcoal in the regions for 2@land 20148,

Mean Price per Mini bag in| Mean Price per Maxi bag in
Ghana Cedi Ghana Cedi
Region
2013 2014 ch;/:lge 2013 2014 Ch;/to’Ige
Ashanti 09.15 12.71 38.91 | 16.62 19.32 16.25
Brong Ahafo 07.11 9.22 29.68 | 12.58 15.81 25.68
Central 19.83 23.53 18.66 | 26.49 31.09 17.37
Eastern 13.44 1662 23.66 | 19.03 22.21 16.71
Gt. Accra 17.43 22.42 28.63 | 23.66 30.26 27.79
Volta 16.66 20.67 24.07 | 32.02 36.43 13.77
Western 15.30 18.20 18.95 | 25.79 28.58 10.82
Northern 09.10 12.88 41.54 | 18.30 22.15 21.04
Upper East 14.80 20.35 37.50 | 24.93 30.65 2294
Upper West 09.42 11.86 25.90 | 15.56 18.25 17.29
National 13.22 16.66] 26.02 21.19 25.11 18.50

81 The price survey was conducted in the district capitals and computed as average for each region.
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In terms of the weiglstof the charcoaf?but for the Upper East Region, the coastal regions
were the higkprice regions with/olta being tte highest Cental, Western and Greater Accra
in 2014 (see Table 3).

Table 23. Average price per kilogramme of bag of charcoal in the regions for 2@land 204.

2013 2014 Percentage

Mean Price per kg in Ghana | Mean Price per kg in Ghana change _in

Region Cedi Cedi mean price
Mini Mauxi Mean Mini Maxi Mean 2012 2013
Bag Bag Bag Bag /2013 | /2014

Ashanti 0.35 0.32 034 0.49 0.37 0.43 81 | 265
Brong Ahafo | 0.23 0.22 0.23 0.30 0.27 0.29 15.4 | 23.9
Central 0.63 0.44 0.54 0.75 0.52 0.64 321 | 17.6
Eastern 0.52 0.36 0.44 0.64 0.42 053 14.3 1 205
Gt. Accra 0.46 0.39 0.43 0.71 0.50 0.61 21.4 1 407
Volta 0.64 0.61 0.63 0.79 0.69 0.74 214 | 175
Western 0.59 0.49 054 0.70 0.54 0.62 113 | 148
Northern 0.29 0.32 031 0.42 0.39 0.41 220! 306
Upper East | 0.48 0.43 0.46 0.66 0.53 0.60 24.7 | 293
Upper West | 0.30 0.27 0.29 0.38 0.32 0.35 14.0 | 20.7

The lowestprice regionsn 2014were Brong AhafoUpper WestNorthern and Ashantjust
as inthe previous years

82|n terms of the charcoal weight

1 Significant quantities of charcoal production in Ashanti and Eastern Regions come from woatl aofti
sawmill residues. The average mini (fertilizer) bag of charcoal weighs fro2224g and the maxi bags
weigh from 4445 kg.

1 For most parts of coastal Central Region and for some parts of Greater Accra, particularly, the Ashaiman
suburban, there is significantaitoal production from Acacia plantations. The weight range of mini bag
acaciabased charcoal is 332 kg and for the maxi bag, the range is&37kg.

1 For all other regions, particularly, from the Brong Ahafo upwards to the Upper regions, the average mini
bag charcoal weighs around 26 kg and the average maxi bag weighs about 52 kg.
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With theavailability of more LPG for homeookingparticulaly due to the operations of the
Atuabo gas processing plante expect pressure on charcoal for cooking to relax relatively
and for that matter e/estimate that ehaverage charcoal price in ZBWvould experience less
increment compared to the previousayemost probably by-30% in the coastal areas of
Greater Accra, CentlaWesternand VoltaRegions. The average price is likely to increase
by 10-15% for Ashantiand Eastern Region$he transitional belt regions &rong Ahafq
Northern and Upper Wesbuald experience increment d5-20% somebut could reach25-

30% in Upper East Region.

We project that the national average would drop from 26% 120%b for the minibags and
from about 18% to 1:05% for the maxbags.

41



5.0 The Regulatory environment

5.1 The Electricity supply industry
Licensing and Permitting

The Energy Commission in 2006 established a licensing framework for licensing electricity
service providers. The Licensing Manual for service providers in the Electricity Supply
Industry was revised anduplished in 2012, setting the requirements and guidelines for
entities desiring to acquiteencesto operate in the electricity supply industry.

Under the Licensing framework, provisional and full licences have been issued to entities
engaged in the varus segments of electricity supply. Besides adding generating capacity to
existing capacity and enhancing service delivery to customers, the licensing regime enhances
the Commi ssionés authority to hold the 1|ice
licence.

Licencesand permits issued by the Commission so far are as follows:

i.  The following companies have been granted construction permit;
a. Cenpower Generation Company was granted a construction permit to add 300
MW t o Ghanads generation capacity.
b. In 2012 Construction Permit was issued to TICO for the expansion of the
existing 220MW Simple Cycle thermal Power plant to 330MW combined
cycle Power plant
c. Volta River Authority (VRA), was issued a Construction Permit to construct a
220 MW Thermal Power Bject at Kpone near Tema in the Greater Accra
Region.
ii. The following companies have been issued with wholesale supply license;
a. Three VRA thermal plants namely TAPCO (T1), Mines Reserve Plant and
Tema Thermal 1 Power Plant (TT1PP) were issued permanent $&leole
Electricity Supply Licences.

b. Three Wholesale Electricity Supply Licences have been issued to Independent
Power Producers (IPP) to construct and operate thermal plémetseinclude,

200 MW from the Sunon Asogli Plant and 126MW from CENIT Energy
Limited.

c. Electricity Embedded Generation License was issued to Genser Power
Limited an Independent Power Producer to distribute electricity to consumers
within the distribution network.

d. The TICO thermal generation plant in Takoradi, which is jointly owned by
VRA and TAQA global, was issued permanent Wholesale Electricity Supply
Licence to operate a 220MW thermal power plant.
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i. In 2013 Provisional Licences were issued to the 132 MW Takoradi T3 Power plant
and 400MW Bui Power Authority.

ii. A total of 10 Siting Permitexpected to resuiin 4,325MW have been issued to
potential Independent Power Producers.

iii. Thirty-one (31) Provisional Wholesale Electricity Supply licences have been issued to
potential Independent Power Producers as well as Government owned VRA. These
are expected to bring on line about 9,785 MW of power when the plants are
constructed.

iv. One (1) private distribution utility, Enclave Power Company was issued licence to
distribute and sell electricity without discrimination to customers in the Tema Free
ZoneEnclave.

v. Operations of the Electricity Company of Ghana (ECG), a Government owned utility,
was also regularized by issuing them with permanent operational distribution and sale
licence.

vi. A Distribution and Sales Licence was issued to the Northern ElegtDstribution
Company (NEDCo).

vii. Thirty three (33) Bulk Customers of electricity have been issued permits to enable
them operate in the deregulated Wholesale Electricity Market.

Codes of Practice and Regulations

The Commission developed and launched Nagional Electricity Grid Codein 2010 to

govern the operation of the National Interconnected Transmission System (NITS). The Grid
Code specifies in detail the technical operational rules, codes and procedures as well as
obligations and liabilities of all layers in the market. Complementary to the National
Electricity Grid Code, the Energy Commission has completed the drafting dfatenal
Electricity Distribution Codethat sets in detail, the minimum acceptable technical standards
for the development dhe 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 and operation of the Electricity
Distribution Network. The draft is currently undergoing stakeholder review and should be
launched by the end of the year.

The Commission has developed the Electrical Wiring Regulation 2011, L. I. 2008 to regulate
electrical wiring in the country. This is to ensuhe safety of persons, property and livestock
from the use of electrical energy.

Pursuant to the above, a certification guideline was developed in August 2012. Further, a
curriculum for the certification examination was also developed in conjunction thgth
Technical/Vocational Education Directorate of the Ghana Education Service. All
stakeholders have also been met to discuss the implementation of the provisions of the
Regulations.
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In 2013, The Energy Commission in collaboration with the Technical Exions Unit, of

the Ghana Education Service conducted the first certification examination for potential and
practicing electrician for certification as Certified Electrical Wiring Professionals (CEWPS).
Subsequentlytwo examinations were conducted in 20and currently 1,512 electrician

have been certified as CEWPs and 19 as Certified Electrical Wiring Inspe&taasd
ceremonies were organised at the Commission for successful candidates. Certificates and 1D
cards for successful candidates were issuednothe awards day. The Commission also
carried out public sensitization activities to create awareness in the general public on the
provisions of the Regulations.

Establishment of Wholesale Electricity Market

The Electricity Regulation 2008 provides foetlkstablishment of a competitive wholesale
electricity market to facilitate wholesale electricity trading and the provision of ancillary
services in the NITS. The Wholesale Electricity Market (WEM) in Ghana (the ETU) shall
ensure the procurement and digpatf electricity from any facility of a wholesale supplier to

a bulk customer and distribution utility in a fair, transparent anddigariminatory manner.

The Wholesale Electricity Market would allow for choice and competition in the wholesale
supply ofelectricity and subsequently create an enabling environment to attract Independent
Power Producers (I PPs) as well as enhancing
capacity from about 280dW to 5000 MW by 2016.

Further incentive for privatsector investment in the Wholesale Supply of electricity is
Ghanad6s interconnection with some neighbour
up the market for electricity in those count

Such a market, in principle, requires be guided by rules and regulations (backed by
|l egislation) that should essentially reflect
structure and administrative management and operation of the market.

Provision has been made for establishmemrokerage licences and efforts are being made
to bring this to reality by 2016.

5.2 The Natural Gas supply industry

Electricity supply is heavily dependent on the availability of fuel to power the thermal plants.
So far, natural gas supply from Nigeria thgbuhe West African Gas Pipeline (WAGP) has
provenvery limited andunreliable. Thearrival of the gas from the Jubilee field tiserefore
mitigating the supply situation
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Licensing and Permitting

A Licensing Manual for Natural Gas Supply Industry wasvedoped B the Energy
Commission in 200&o serve as a guide for prospective natural gas service providers with
regard to licensing requirements as well as assisting in ensuring compliance with codes and
standards governing quality, health and safetyhm industry as stipulated in the Energy
Commission Act, 1997 (Act 541). The manual was reviewed in 2012 to facilitate the
accelerated development of the natural gas indu$tmg. Natural Gas department of the
Energy Commission has issued the followingnioes to players in the Natural Gas industry.

i. A Provisional Natural Gas Transmission Utility Licence has been issued to BOST to
operate the Natural Gas Interconnected Transmission System (NGITS).

ii. In 2013 a Provisional Wholesale Supply Licence was alsodssu®uantum Power
Ghana Gas Limited also for an LNG facility to be sited at Tema in the Greater Accra
Region. Quantum power was granted a Siting Permit for the LNG facility after a
presentation and site appraisal from the Energy Commission siting coenmitte

ii. Earlier in 2012 a Provisional Wholesale Supply Licence had been issued to Rotan
Gas Limited for an LNG facility to be sited at Aboadze in the Western Regoan
Rotan facility is to feed into a 660 MW power barge owned by Rotan.

iv.  Provisional LNG facilly license has been issued to Newstar Terminals at Atuabo
Newstar Terminals would regasify LNG supplied by Sage Petroleum.

v.  Construction Permit has been issuedAtoandi Energy for the construction of 203
MW thermal power plantThe Company had earlier lmesssued with a siting permit
during the third quarter of 2013.

vi.  MarinaEnergyhas submitted application for Construction Pefmit80 MW thermal
power planfter receiving a siting permit in August, 2013.

Codes of Practice and Regulations

Since the nairal gas industry istill new in Ghana and like any other energy infrastructure, it
is important that before any construction of a facility takes place, the developer must be made
to satisfy some basic requirements and comply with established regulations

It is in this respect that the Energy Commission has since developddatheal Gas
Pipeline Safety Regulatiorwith adopted Ghana Standardad which was approved by
Parliament in 2012

The Commission is also in the process of developin@ecupationd Health and Safety
Regulationwith adopted Ghanan Standards. ANatural GasTransmission Access Code
establish conditions for Natural Gas Service Providers to have fair, transparent and safe
access to the Natural Gas Transmission Network in Ghasizeendeveloped in accordance

with Sections 24, 27 and 28 of the Energy Commission Act, 1997 (Act 541).
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5.3 Renewable Energy Update

Provisional licences so far issued feenewableEnergy éectricity had risen to 62 with
capacity totaling 5,074 MW compared i86 totaling 3,905 MW in 2013.0ut of this44
arefor Solarphotovoltaic PV) generation with a total capacity o#Z2 MW. Last year was
29 with total capacity of 2,155 MW.

Also, the number ofprovisional licences issued and their capacities for W#remass,

Waste to Energyand Wind are 1000MW, 68MWR54.MW and 876 MW respectively(see
Table 2).

Table 24. Provisional Licences issued for Renewable Energy Electricity as of March, 201

Category Number Total Capacity (MW)
Solar 44 2,472
Wind 7 876
Hydro 3 101

Biomass 2 68

Wasteto Energy 9 554.01
Wave 1 1000
Total 62 5,074.01

The challenge however is théietgrid stability implications of intermittent solar power have
not been fully studiedn this country For instance,n 2012 the losof 860 MW from
Akosombo @&nerating Statiofed to a total system collapséthe national transmission grid
culminating into a nationwide blagbut The effect of large injections of solaV electricity

on grid stability could have a similar effect.

The Energy Commissionin 2014 therefore suspended issuing of licence. The suspension
howeverhasbeen lifted but the Commission has reviewed the procedure for processing of
licence application for wholesale electricity supply licence for utflitgle gridconnected

solar PV plantsgeeAnnex 4for thedetails.

The applicant is required to submit an approved dynamic grid impact studies from the
Electricity Transmission Utility (ETU) or the Distribution Utility, among other requirements,
before a construn permit is granted. Furthermore, the determination of the capacity of the
plant a licensee can construct now include the ability of the grid to evacuate the power safely.

The Energy Commission and the PURGurrently are still working on the Renewable
Energy Purchase Obligations (REPO).

83 Public Utility and Regulatory Commission
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Annexl T Schematic Overview of Ghana Energy Demand and
Supply System

The integrated energy supply feeds the enéegyand economic sectors comprising
Residential, Commercial & Services, Agricultural & Fisheries, $pant and Industries. The
Energy Supply Sector of Ghana is thi&somass, Petroleum and Power (Electricity),
whilst the Energy Demand sectors of the economy areR#tmdential, Commercial &
Services, Agricultural & Fisheries, Transport and Industries(Figure A).

Energy Supply Energy-Economicsectors
Energy Secondary Ene/:gy trar)sporta/tion
Primary fuels conversion fuels/Energy ransMISSIon .
T oo . _ T T ol distribution . . I
- i . 48 ch | g . Residential
i Biomass/wood | ! Plrtewloo ¢ jrc?a : ' Commercial & Services !
i Hydro / ! I Petroleum products ! | . o i
i Y _ | > Ciocticity /P i © Agricult ural & Fisheries :
i Crude OiIl i | Electricity 7Fower ! I Transport '
B B H | .
| Solar & others ! | Solar, heat & others | Industrial !
R G RN = e i L |
Figure Annex Al. Energy supply continuum
ENERGY SUPPLY ENERGY DEMAND SECTORS OF THE ECONOMY
SECTOR Economic Sectors Sub-sector classification
Woodfuels / Biomass Residential Urban, Rural
Commercial and Services Schools, hotels, restaurants, hospitals
Stores/shops
Petroleum (oil and gas)
> Agricultural and Fisheries Irrigation, Land Preparation an
Harvest, Spraying and Logging, Pc
Harvest Processing, Livestoc
Fisheries.
Transport Road, Rail, Matime/Water, Air
Power
Industries Manufacturing,  Mining,  Utilities,
Constructiongtc

Figure A2. Energy supply continuum
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_Annex 21 Eleven year Sunspot Cycle

Cycle 24 Sunspot Number Prediction (2013/07)
—7 e T e e e e S A

= e e o B U

Hathaway/NASA/MSFC

Figure A3. Sunspot Cycle from 1982013
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Annex 31 Liquefied Natural Gas Regas Terminal Technologies

LNG could be delivered through thellbwing terminaltechnologies:
1 Temporaryorstogmap through fBasi §ycBtiodge VBResel so
1 Floating Regasification plants using grounded LNG vessels which have retired from services.
1 Permanent LNG rgasification plants.

Energy BridgeRegasification Vessels

Energy Bridge Regasificat i oruiltVleating stbrage rgasificati&nBuRitg
(FSRU)LNG tankers that incorporate dard equipment for the vapourisation of LNG and delivery of |
pressure natural gals.is the technology that can be delivered in the shortest possible timgithie. a year.
These vessels load in the same manner as standard LNG tankers at traditional liquefaction terminals
retain the flexibility to discharge the gas in twistohct ways. These are:

T Through the EBRVO0s connection with subsea
T through a high pressure gas mani fold | ocat

The maximum rate of discharge of the natural gas from an EBRMhetodeepwater port is determined by
combination of the availability of capacity on downstream pipelines and the regasification capabilitieg
facilities located o+board each EBRV.

~ LNG Manifold

High Pressure
Gas Manifold

Figure A4.

Floating Regasification plants

Average lifetimeof most LNG vessels is 25 years. This means LNG vessels built more than 25 years a
become less competitive for transport services. Such an LNG ship is retired and reconfigured astfoaga
LNG re-gasificationunit or facility (FSRU) Typical LNG ship has capacity of 120,04@5,000 liquid cubig
metres (In). The larger the containment the greater the application for floating storage and regasi
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applicationg*. Some 59 ships built worldwide before 1983 with containment between 1223300 liquid
cubic metres are due for retirement. Construction of floating regas terminals has rapidly increased sil
when the first one was built in Louisiana, USA. Four units were commissioned between February 2
August 2008.

Floating Regasdcility would take betweenne and halfto-two yearsto build if a project is approved arn
money is readily available today, otherwigeto two and half yearsto allow for initial paper work.

Figure A5.

Permanent LNG discharge/gasification terminia

Contrary to FSRU, this is permanently fixed as the name impheésit is usually a specialised or dedica
harbour Development of permanent LNG-gasification plant o6ay100-200 mmscfd capacitwould require
at leasB3-4 years even if a project approved and money is available today.

Figure A6.

84 Zeus Liquefied Natural Gas Report, January 28, 2009
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Annex 41 Revised procedure Wholesale Electricity Supply Licence
for Utility Scale Grid Connected Solar PV Plants.

PUBLIC NOTICE

March 2015

REVISED LICENCE PROCEDURE FOR PROCESSING OF WHOLESALE ELECTRICITY SUPPLY LICENCE
FOR UTILITY SCALE GRID-CONNECTED SOLAR PV PLANTS

The Energy Commission has reviewed the procedure for processing of licence application for WHOLESALE ELECTRICITY
SUPPLY LICENCE FOR UTILITY SCALE GRID-CONNECTED SOLAR PV PLANTS as follows:

1. Upon an application and submission of an approved Dynamic Grid Impact Studies from the Electricity
Transmission Utility (ETU) or the Distribution Utility and Exhibits 19 — 30 of the Renewable Energy Licensing
Manual, the licensee may be granted a Construction Permit to construct the solar PV plant.

2. Subject to the acquisition of a Construction Permit, the capacity of the plant a licensee can construct shall be
determined by:
(i) The ability of the grid to evacuate the power safely;
(ii) The ability of the off-taker to take up and pay for the power; and
(iii) A Power Purchase Agreement (PPA) approved by the Public Utilities Regulatory Commission (PURC)
specifically for the capacity of the project.

3. For any particular project site to be connected to the National Interconnected Transmission System (NITS), the
maximum amount of solar PV capacity without energy storage system shall not exceed the maximum capacity
the ETU is able to evacuate safely from the site without energy storage system.

4. For any particular project site to be connected to the distribution network, the maximum amount of solar PV
capacity without energy storage system shall not exceed the maximum capacity the Distribution Utility is able
to evacuate safely from the site without energy storage system.

5. Any capacity in excess of the maximum determined by the ETU or the Distribution utility shall have equivalent
energy storage capacity or grid stability systems.

6. The ETU or the Distribution Utility concerned shall confirm in writing that it is capable of evacuating the power
from the facility to be constructed in addition to the total cumulative intermittent power sources already
connected to the NITS or the Distribution Utility’s System.

7. Where the land for the installation of the solar PV plant is arable or has economic trees, the design of solar PV
installation shall be such that part of the land is reserved for the cultivation of appropriate food
crops/economic trees. Evidence of such design shall be part of the documentation in the application for
Construction Permits for the solar PV plant.

8. The use of land as equity by land owners in Solar PV power plants is encouraged.

Thank you. M/'

Ag. Executive Secretary
(Michael Opam)
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