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1. I ntroducti on

This is the technical documentati for the development, data, and methodology of the Awutu
Senya East Municipality (ASEM) energy systems maghich forms part of the Supportifithe
SAMSET project. This is collaboration between the Universities of Uganda Martyhana,
Cape Town, Duram University College London, the neprofit organisation Sustainable Energy
Africa, and Gamos Consultingt is cofunded bythe UK Department for International
Developmentthe Engineering and Physicatience Research Queil and theDepartment For
Energy and Climate Chmge (DECC).

The model is devel oped on t KSEl)LSngoaonde fEreetgyn Envi r o
Alternatives Planning System (LEAP) platform. LEAP is essentially aaoountingtype

simulation model although other uses and features éiaezged as the product has developed.

The rationale for the selection of LEAP as a tool for the SAMSET project has been documented

in project outputgTait, McCall, & Stone, 2014and the LEAP software tool itself is well

documented by SEIHttp://www.energycommunity.ojgFor the SAMSET projecLEAP is used

to create a bottorapdatadriven pictureoAwu t u  Seergy sysbem dooththe supply and

demand sidg projecting a reference case into the future. Scenarios are then developed which

project howmunicipatdriven interventions may alter the path of this reference case, reducing

energy consumption and mitigating €€missions.

The dataset for the model wasllected by the University of Ghana by means of surveys and
stakeholder workshops with Awutu Senya municipal officials and local experts and is
documented in another SAMSET output, the Awutu Senya State of Energy Report
(Bawakyillenuo & Agbelie, 2014). lnertain instances this dataset was augmented by data from
the literature and online sources. The scope of energy systems models, even of a bounded
municipal area, covers a broad range of activities and so it was also necessary to make
assumptions in a feimstances discussed below but it is hoped that if the model is kept live, as is
the goal of the project, these will be refined as time goes on.

The general form of a LEAP model involves the division of the energy demand side into typical
economic sectors

1 transport;

municipal services;
households/residential;
industry;

commercial; and
agricuture.

= =4 -8 -8 -8

as well asof supply sectorsunder t he node O6Transf or maasi ond ty
follows:
1 transmission and distribution;
9 electricity production;
9 oil refining; and
9 charcal production
In order to build a model, data must be collected forddgmmandside sectors that captures the
levels of output and energy intensity of producing that output by technology and/or energy carrier

for each of the typidaservices required in that sector, for instance lighting, heating, passenger
transport or production of steel. An example is giveRigure 1.
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Figure 1: Example of the tree structure in LEAP which aids in categorising the sectors and
subsectors of a model down to individual technologies. Here the level goes down to the share of
private cars which are diesel or petrol and so on.

It is important to understand clearly that an energy service like heating may be supplied by many
technologieswhich may use different energy carriers (fuels) such as coal, diesel or electricity. A
combination of a technology areh energy carrier will have distinct energy efficiency and
emissionswhich has important implications for sustainability. #mportant feature of a useful
energy systems model is therefore thehile we want to capture the actual technologies and
energy carriers used to supply services today, which we define as the base year, we want to be
able to simulate switching to otheckaologies and energy carriers in the future to evaluate the
impact on sustainability.

The general mathematical form by which the energy consumption of the services in a sector is
calculated is a simple accounting formula outlined in a general but ndy ovathematically
formal way below for the sake of communicat:i
assume that a technology may be either a different means of doing the santothérgmple
travelling by bus or by cabut also using different energy carrierfuel (for example travelling

using a petrefuelled car or electric car

For a given year in the time horizon of the model:

Energyconsumption of a séar = Thesum of all the energy consumptions of services required
by the setor

Where:
Es = Theenergy consumed by a s in a given year

ENERGY RESEARCH CENTRE
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g = Share oService supplied by techngg i

hi = The energy intensity (equivalent to efficiency}ethnologyl in units of energy required per
units output for example MJ/[passenger km] or GJ/[ton steel]

Os= The output of a service required in a given year in physical units for example, passenger km
of passenger transport, tons of steel or GJ of heating

Es=4a (g x hi x Og)

This simple structure offers considerable advantages in developing scenarios of shifts to new
technologies because the modeller can easily change the relativepludreschnologies that

supply a service at a given future outpgta@d he impact on emissions and energy consumption

can be quickly assessed. Technologies that have no share of service provision in the base year,
say electric cars, can be readily assigned a growing share in a scenario of the future. The given
future output igeadily projected in LEAP which provide a spreadsheet like formula builder for
generating time series of parameters such that an ougmutcd as residential heating or tons of

steel can be linked to a driver such as populatiograss domestic pduct(GDP). GDP itself

can be set up as a global assumption accessible to all sectors in the tree structure of the model and
defined as a geometric progression relative to time such that it grows at a fixed percentage of say
2% per annum for the time horizontbe model. More elaborate representations, including step
changes and linear interpolation between defined points are equally possible using the formula
builder, giving the modeller considerable flexibility in implementing the views of stakeholders or
other forms of data. An example of this flexibility is demonstrateBigure 2 where the shares

of an individual technoloy is set easily by the user and LEAP instantly shows the graphic
representation of this change.
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Figure 2: A screen shot of the LEAP interface showing the change in water-heating technologies
for low-income households through to 2030

LEAP has a financial frameworknd if the costs of technologies are knothe impact omet

present vale of supplying thaservice caralsobe quickly assessed. The disadvantage of this
simplistic representatiois thatthe share of a technology may be changed faster than is practical

in the real worldgiven the technical life and age distribution of exiting devices. LEAB dibaw

for devices to be vintaged and technical change to be managed by a stoglbuaidted is much
moredataintensive and not suitable for most cases where sectors have been represented in the
SAMSET projectgiven the scope of the survey@me atntionthereforeneeds to be paid to
keeping rates of change within a conservatively realistic window.

ENERGY RESEARCH CENTRE
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For a bottorrup model to be reliable, the assumed activity levels and energy intensities used in
services need to be calibrated so that the total emenggumed in the model in the base year,
which we define as an historical year, say 2010, agrees with the total energy known to have been
supplied to the system in that year. This total energy data typically comes from recorded total
electricity sales andgtroleum fuel sales obtained from the major utilities. Acquiring this data and
validating it is therefore an important first step in the modelling process.

In the model developed for Awutu Senya Municipality (ASEM) all fuels sold within the
municipality, wth the exception of transport fuels, are assumed to be consumed within the
boundary and thus count toward the cityos emis
spatially bounded scope such as a municipality is inherently problematic. Givenutiom

behavioutin central Accra and traffic passing throughs reasonable to assume that a significant

portion of petrol and diesel that is sold within ASEM transits the bounddiije fuel from

elsewhere enters the municipality daily. In this frame we attempt to represent irdbaundary

trips, transboundary trips either generated in or attracted to ASadlicorridor trips, of which

ASEM is neither the origin nor destination but
the user to incluel or discard these sutmdes in reporting results depending on the scope of

interest.

The LEAP model was created to represent all major sectétSBM as abottomup simulation
model, and this was calibrated with known fuel sales (mainly liquid fuelglectticity) within

the municipal boundary. The main drivers for this model are population, and economic growth
(one local, and one regional).

2. Genebatkground and key drivers

Data collectionis primarily based on surveys and interviews undertaken @éyUthiversity of
Ghana as part of the SAMSET project. Tihidudes he following:

1 surveysof 593 households435 commercial businesses andi@@ustrial businesses in
the municipal area
9 focusgroupsdiscussions with stakeholders
1 interviewswith municipalstaff, and
1 municipal records
The kase year for thenodelis 2013 as the survey data is for this year.

21 Popul ati on

The population given by the national statistics for the municipality wagd2®& 201Qwith an

annual growth rate of 3%Cpmmunication ith Ghanaian SAMSET tear8. Bawakyillenuo and
Agbelie 2014 Ghana Statistical Service, 20)4Bssuming this growth rate ancteapolating

this to 2013he population would then He.8474.Thenumber of households ASEM in 2013

was estimatedt 43 795 (Bawakyillenuo & Agbelie, 2014)with 83% of householdseing
electrified (see Table 1)Household classifications are based on standard Ghanaiandand
classifications, which arn@ turnbased on degree of access to service delivery and other factors.
The ASEM growth rate is higher than the national population growth rate, estimated to be 2% per
annum (Ghana Statistical Service, 2010).

Table 1: Household estimate, 2013

Household classification Number Percentage
HH1 10 161 23
HH2 15 057 34
HH3 18 577 42
Total 43 795 100

Source: SoE reporti Bawakyillenuo S, Agbelie | (2014)

ENERGY RESEARCH CENTRE
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The rate of wurbanisation driving AwagtenitsSenyads

location on the periphery of Greater Acérand spatially this is the area experiencing highest
concentration of urban population and urban grai@¥vusu, 201}, associated with rapid peri
urban growth around these central urban areas. Pmpugabwth rates going forwararebased

on extrapolated urbanisation trends

22 Economy

Theeconomic outpdtor6 GDP 6 f or A SfioM the averagenGD@ pear eapita for the
country. Due to the proximity of ASEM to the economic hub of Gl{awara), this valuecould

be an undeestimate but was assumed sufficient for the preserk. The population for Ghana
in 2013was26.4million (Ghana Statistical Service012 and the nationalon-oil GDP for 203,

as given by thaational statistics services w&8HC71 627million (Ghana Statistical Service,
2014a) Thus,A S E MGDP usimg thepopulation for 203 wasestimatedasGHC321.1 million
(current)

3. Munici pal sector

This section describes the energy consumption of the municipatihprityfor its operations and
servicesincludingthe energy consumption afs municipal buildings and vehicle fleet.

3.1 Dat a

|The data was obtained by the municipality for building energy consumption and for the vehicle
fleet ispresentedhn the tables below.

Table 2: Municipal transportation data for 2013

Diesel T litres 337 500
Annual km travelled per vehicle 23 400
Vehicle count 10

Table 3: The electricity consumption of the municipal buildings of ASEM

Lighting VAC Refrigeration Office machines
Electricity consumption (kWh) 121 662 17 844 5677 72 997

The data provided also indicated that the total floor area for all the municipal buildings combined
is 7375m.

1 This is normally referred to as GVA (gross value added) in the case of a city or area within a country.

ENERGY RESEARCH CENTRE
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Refrigeration
3%

Figure 3: ASEM municipal building electricity consumption split by end use

32 Met hodol ogy

Transportation

Thetotal transportation activitfor the municipality is calculated as the total vehicle km travelled
by all the vehicles (this is Mehicles®* 23400km/vehicle) and thduel intensityused is the total
fuel consumed (33300litres) divided bythe total vehicle km travelled which is abdud L per
vehiclekm. This would be about 140L/10km, which may appear high, but garbage removal
trucks are known to have poor fuel effioty of this order of magnituder evenhigher(although

it is unknown at this time as to whether this is the reason for the high fuel consyr{igtjoyen
2010)

Municipal buildings
The total intensity values for the maipal buildings are giveim Table4, using the total energy
consumption divided by the total floor area.

Table 4: Municipal building electricity intensity by end use

Lighting | Ventilation and cooling | Refrigeration | Office machines
Electricity intensity (kwh/m?) 16.5 2.4 0.8 9.9

4, Household sector

41 Dat a

The data for the household sector is based on the SAMSET survey data of households in the
municipality. This data was augmented by botigoncalculations of energy consumption based

on appliance ratings and consuroptipatterns fronthe literature (sedables 9, 10 and 11 for

details). The survey data collected data for households in three categories based on Ghanaian land
use classifications designated as Household class 1 (HH1) to Household class 3.t{HH&3e
classifications have been used as a proxy for income, in the absence of other data. The
electrification rate for the municipality was assumed constant across household categories to
provide a breakdown of six household categories.

2 See the ASEM SoE report (Bawakyillenuo, Agbelie, 2014) for more information about the survey.

ENERGY RESEARCH CENTRE
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Table 5: Number of households by HH category

Household classification Sample size Total households
HH1 7 electrified 113 8 448
HH1 1 unelectrified 24 1713
HH2 1 electrified 170 12 518
HH2 1 unelectrified 33 2539
HH3 1 electrified 210 15 444
HH3 T unelectrified 43 3133
Total 593 43 795

The average size of a household is estimated to be 2.7 peapéel on the data provided in the

SOE report. Thigs based on the average household size for the Central region from the 2010

CensugGhana Statistical Service, 2012).

Table 6: Estimated annual average consumption per household

Wood Electricity Kerosene (1) Charcoal LPG (kg) Dry cell battery
(kg) (kwh) (kg) (no. of singles)
Electrified
HH1 390 2212 10 295 140 60
HH2 404 1677 14 284 114 68
HH3 643 1501 13 277 131 57
Unelectrified
HH1 420 - 8 326 147 133
HH2 514 - 12 405 121 91
HH3 390 - - 338 100 120
Note: Based on household survey data

ENERGY RESEARCH CENTRE
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Table 7: Household percentage shares of fuels for enduses

Electrified (%) Unelectrified (%)

HH1 HH2 HH3 HH1 HH2 HH3
Lighting 100 100 100 83 76 77
Electricity 100 100 100
Solar 3 0 1 4 0 0
Batteries 43 36 49 79 67 77
Kerosene 0 2 3 0 9 0
Cooking & water heating 100 100 100 100 100 100
Electricity 43 27 19
Wood 7 7 17 29 33 37
Charcoal 82 89 88 83 88 95
LPG 75 76 60 54 45 30
Kerosene 12 17 22 4 3 0
Refrigeration 68 61 58
Electricity 100 100 100
Entertainment 98 98 100 50 21 37
Electricity 100 100 100
Dry cell batteries 8 5 9 50 21 37
Space cooling 95 80 79
Electricity 100 100 100
Other energy services 85 71 54
Electricity 100 100 100
Notes: Bolded lines refer to percentage of all households; fuel categories refer to the percentage of
households that use that energy service.

The household surveys investigated the extent of ownership and usage of efficient appliances. All
electrified households use CHightbulbs The Ghanaian government instituted a widescale
National Efficiency Lighting Project in 2006/07 aimed at conserving electricity in respoase to
electricity power criss. In 2008, the government legislated against the manufacture and sale of
incandescenamps.It has also instituted minimum energfficiency standards for refrigeration
appliances as well as a refrigeration rebate scheme whereby households can samp old
inefficient appliances for newemoreefficient onesTakeup of this scheme amorgampled
households was lovhowever:only one of the surveyed households reported using the Energy
Commi ssionds refri ger aB mdicatesahtaotvrership rofoefficiemtmme .
refrigeration appliances is higher in the higherome category. Espite the widespread usage of
charcoal and woqdefficient productsusing these fuel®ave not reached siigitant market
penetration rates. None of the sampled households recorded using efficient woodsterees.

was some usage of efficient charcoalve® such as thByapa. Usage is higher amongst poorer

and unrelectrified households.

ENERGY RESEARCH CENTRE
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Table 8: Efficient appliance usage
Source: SAMSET household survey

Electrified (%) Unelectrified (%)
HH1 HH2 HH3 HH1 HH2 HH3
CFL lightbulbs 100 100 100 - - -
Refrigeration 30 20 17 - - -
Charcoal stoves 10 10 12
Wood stoves 0 0 0 0 0
42 Met hodol ogy

Consumption profiles are based on the survey data collected, and the energy intensities of end
uses were calculated based on bottgnealculations of typical energy profiles of households.

Total consumption for each fuel by energy service is calculated as:

Number of households in subategory(e.g. HH1 electrified) X

Percentage of households that use energy ser¢iesed on survey data) X

Percentage of households that use fijelg. electricity for energy servicée.g. cooking)
(based on survey data) X

Energy intensity per energy servigdpased on bottom up calculations of appliance
ratings and hours of usage, awdlibrated to meet total sample consumption estimate
from survey datp

Table9:El ectricity consumption estimates for O6HH1
Energy service | Households | Households |Average daily| Days per Average Total
using energy using consumption | year used household | consumption
service electricity for (kWh) energy estimate for
energy intensity municipality
service kWh/yr
Cooking and 100% 43% 2.182 320 698 2557 708
water heating
Lighting 100% 100% 0.432 365 158 1332003
fridge 68% 100% 2.835 365 1035 5956 442
Entertainment 98% 100% 0.576 320 184 1529 487
Space cooling 95% 100% 1.028 350 360 2 878 029
Other 85% 100% 1.798 350 629 4516 263
Total 18 769 932
Table 10: Electricity consumption estimatesf or 6 HH2 el ectri fi edod
Energy service | Households | Households |Average daily| Days per Average Total
using energy using consumption | year used household | consumption
service electricity for (kwh) energy estimate for
energy intensity municipality
service KWhlyr
Cooking and 100% 27% 1.792 320 573 1942 350
water heating
Lighting 100% 100% 0.432 365 158 1973819
fridge 61% 100% 2.351 365 858 6 507 036
Entertainment 98% 100% 0.736 320 236 2 878 841
Space cooling 80% 100% 0.89 350 312 3119455
Other 71% 100% 1.478 350 517 4570940
Total 20 992 440

ENERGY RESEARCH CENTRE
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Table 11: Electricity consumption estimates for 6 HH 3

electrified?d

Energy service | Households | Households |Average daily| Days per Average Total
using energy using consumption | year used household | consumption
service electricity for (kWh) energy estimate for
energy intensity municipality
service kWh/yr
Cooking and 100% 19% 2.012 320 644 1846 678
water heating
Lighting 100% 100% 0.432 365 158 2435 255
fridge 58% 100% 2.242 365 818 7282 196
Entertainment 93% 92% 0.666 320 213 2837992
Space cooling 79% 100% 0.950 350 333 4034 819
Other 54% 100% 1.613 350 565 4733210
Total 23170 150
Table 12: Household wood consumption estimates
Household | Households Appliance type Percentage Average Total
category that use that use estimated estimated
wood for appliance annual consumption
cooking type consumption for
population
Electrified
HH1 7% 233 241
Efficient stove 0% -
Inefficient stove 100% 390 233241
HH2 7% 209 903
Efficient stove 0% -
Inefficient stove 100% 420 209 903
HH3 17% 435 036
Efficient stove 0% -
Inefficient stove 100% 514 435 036
Unelectrified
HH1 29% 209 903
Efficient stove 0% -
Inefficient stove 100% 420 209 903
HH2 33% 435 036
Efficient stove 0% -
Inefficient stove 100% 514 435 036
HH3 37% 454 404
Efficient stove 6% 14 658
Inefficient stove 94% 402 439 746

ENERGY RESEARCH CENTRE
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Table 13: Charcoal consumption estimates

Household Households Appliance type Percentage Average Total estimated
category that use that use estimated consumption for
charcoal for appliance type annual all households
cooking kg/HH (Kg)
Electrified
HH1 82% 2 042 884
Efficient stove 1% 148 10 266
Inefficient stove 99% 296 2032619
HH2 89% 3164 937
Efficient stove 4% 145 64 591
Inefficient stove 96% 290 3 100 346
HH3 94% 4035784
Efficient stove 2% 140 40 765
Inefficient stove 98% 281 3995019
Unelectrified
HH1 83% 463 423
Efficient stove 10% 172 24 391
Inefficient stove 90% 343 439 032
HH2 88% 905 547
Efficient stove 10% 213 47 660
Inefficient stove 90% 427 857 886
HH3 95% 1 007 105
Efficient stove 12% 180 64 283
Inefficient stove 88% 360 942 822

The aggregated survey data for household generator usage in ASEM is presentgd|tegpw

with the scaledup estimate for the entire household population usage of generators. Equations 8
and 11 discussed below in Sectid2.2 were used to convert annual fueleuand generator
rating into electricity generatecassuming an average load factor of 0.TGere were20
households in the ASEM survey which had generators, iileilH1 category, 6 irthe HH2
category and 4 inthe HH3 category. Of these8 of the HHlhousehold s wi t h gener at or
not electrified and in the HH3 category.

Table 14: ASEM HH1 generator use survey data and estimated population usage

er?ev:'lerl]te d Grid Total Shoi:/i of Petrol Diesel E;\}gr::tzd
Group Grid status gelectricity electricity | Electricity gen used used utilisat?on

(kWh) (kWh) kWh) | jec. %) (litres) | (litres) (hours/day)

Sample Electrified 3227 24 907 28 134 11% 1714 330 0.6

(with gensets) | Unelectrified | 2 139 0 2139 100% | 1560 - 0.7

) - R 18 519

Population Electrified | 241 291 798" 18761089 | 1.3% | 128155 | 24671

estimate

(st ) Unlectrified | 152 647 0 152 647 | 100.0% | 111 345 -

* Scaled from gens&wning sample only

# Scaled from entire sample

ENERGY RESEARCH CENTRE
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Table 15: ASEM HH2 generator use survey data and estimated population usage

er?evygte d Grid Total Share of Petrol Eas\fg':;tid
Group Grid status %Iectricity electricity Electricity own gen. used utilisat?on
0 .
(kwh) (kwWh) (kwWh) elec. (%) (litres) (hours/day)
Sample Electrified 1706 20 362 22 067 8% 1133 0.2
(with .
gensets) Unelectrified
Population Electrified 125 610* | 20990 945% | 21116 556 0.6% 83414
(estimate) | Unelectrified
* Scaled from genset-owning sample only
# Scaled from entire sample
Table 16: ASEM HH3 generator use survey data and estimated population usage
er(ljevrve;]te d Grid Total Shoa:,:/i of Petrol Diesel E;\tg]::tzd
Group Grid Status gelectricity electricity | electricity gen used used utilisat?on
(kWh) (kwh) (kwh) elec. (%) (litres) (litres) (hours/day)
Sample Electrified 695 4 909 5603 12% 540 0.6
(with gensets) | Unelectrified 764 764 100% 560 0.6
, " . 23175 0
Population Electrified | 51 083 608" 23226711 0.2% | 39713
estimate
( ) Unelectrified | 55 659 55 659 100% 40 801

* Scaled from genset-owning sample only

# Scaled from entire sample

The data indicate thatvhile only just over 3% of the sample of households own generators
accouning for about 1% of total household electricity supply, those households that own them
make quite significant use of them, particularly considering that the price of petrol and diesel is
likely to discourage regular uséhe share obwn-generation was leskan the sample observed

in Ga East (20%) but a share of around 10% was observed across all three household classes in
contrast to Ga East where only HH1 households owned generators. Quality of supply may be
better in ASEM accounting for lowewn-generatio shares. @stantial suppressed demdsd

still however indicated

5. I ndustry

This section describes the energy consumption characteristics for the industries active in ASEM
that were surveyed during the data collection process by the Ghanaian SAMSET team.

51 Dat a

This sector is split up into subsecttidsed on survey dafBawakyillenuo & Agbelie, 2014)

construction,mining and quarrying, andnanufacturing From the SAMSET survey of 26
constructionsix manufacturing, angdne mining and quarrying businessetich is thought to

compromise the entire industrial activity of ASEMe total industrial output fékSEM is about

1 million tonnes:

Table 17: ASEM industrial activity in 2013, data from SAMSET survey

Count of businesses in ASEM industry Tonnes output Electricity consumption 1
survey kWh
26 Construction 37 950 27778
Manufacturing 115 677 46 666
Mining & quarrying 850 000 888 889
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As part of the survey, the use of energy in the industries within A&&Malso profiled. The
electricity consumption for various end uses is presanté&dble18.

Table 18: Electricity consumption by end use for industries in ASEM (kWh)

Cooling Other machine
Machinery | Lighting systems drive Other Total
Construction 17 304 9 249 370 936 247 28 106
Manufacturing 30 352 13 286 2411 306 306 46 662
Mining and quarrying 211 640 423 280 84 656 0 169 312 888 889
Share 26.91% 46.26% 9.07% 0.13% 17.6% 100%

The majority of the energy consumption idighting and machinery. Lighting makes up a large
proportion of the mining and quarryingiti ndustry
accounts for less than 30% for construction and manufacturing where machinery take up more

than 60% of elecicity consumption.

100% -
90% -
80% -
70% - m Other
60% 1 m Other machine drive
50% - .
0% Cooling systems
b -
300 m Lighting
b -
200 - m Machinery
10% -
0% -
Construction Manufacturing  Mining and quarrying

Figure 4: The electricity usage share for industries in ASEM

The industry sector makes extensive use of diesel or petrol genenadstdikely as a result of
unreliableelectricity supply from the grid, or no grid connection.

Table 19: Industry diesel and petrol generators data for ASEM in 2013 from the survey

Subsector Total capacity i | Litres consumed in kWh output Electricity share of
kW 2013 own generation
Diesel Petrol Diesel Petrol Diesel Petrol
Manufacturing® 111 6 628 160 1966 319 41%
Construction 2 - 240 - 752 - 12%
Mining and quarrying* 30 - 60 000 - 187 970 - 99.8%
* 1 enterprise (ID 17).
# Three of the six enterprises in tt@mple owned generators.

The survey indicated t hat t hegprdsumdblesrthmgvinggal so use
equipment and road work equipment as well. T@&flessummarises the diesel consumption in
industry.
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Table 20: The breakdown of industry diesel consumption in ASEM for 2013 (litres/year)

Other machine Process
Generator Machinery drive heating Total
Construction 240 18 060 261 180 18 501
Manufacturing 628 1499 0 0 1499
Mining and quarrying 60 000 30 000 30 000 0 60 000

52 Met hodol ogy

End use
The industry sector is represented in the model by each subsector, and for each subsector the
energy consumption of industry was split into the following categories

1 lighting,

1 machinery,

9 cooling,

9 process heating,

1 othermachinery, and

T 6ot her 6.

Using thedata provided for théotal energy consumption for each end use and the total tonnes
output for eaclsulsector, the energy intensity for each subsector waslad:

Table 21: Industry end use energy intensity values for electricity and diesel fuels

Machinery Lighting Cooling | Other machine drive Other Process heating
kWh/tonne | L/tonne |kWh/tonne | kWh/tonne | kWh/tonne |L/tonne | kWh/tonne L/tonne
Construction 0.456 0.476 0.244 0.010 0.025 0.007 0.007 0.005
Manufacturing 0.262 0.040 0.115 0.021 0.003 0.003
Mining and quarrying 0.249 0.791 0.498 0.100 0.791 0.199
Generators

The diesel and petrol generators that are used in the indestigrare grouped into the supply
side of the modeior ASEM as indicated and asssumedo run at the same level as their base
year capacity factdior the time horizon of the model in the reference case

Generator type Capacity kW Capacity factor %

Diesel 143.2 15
Petrol 55 0.6
6. Commer ci al sector

This section describes the commercial sector of ASENEh includeffices, shops, restaurants
and other noiindustrial and nomesidential activitiessurveyed(Bawakyillenuo & Agbelie,
2014).

6.1 Dat a

Data for the commeiral sector is based on survey data collected by the University of Ghana for
the SAMSET projectThe surveys collected data on energy carriers usedusss] own
generation with petrol and diesel generators, fittarspaceoccupied, andhe costs of energy
consumption. A total of 435 businesses were surveyed, including 86 formal and 349 informal.
The totalnumberof commercial businesses is estimated to be {B&&akyillenuo & Agbelie,
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2014, based on a business registration list. The types of busineass#ietl as commercial
based on University of Ghana classificatianslude the following:

Formal:

offices(e.g.IT, finances consultancy, etc)
hotels & guest houses,

schools,

nonbanks financial services,

hospitals,

banks.

E R

Informal:

aluminiumfabricator,
carpentry/welding shops,
cold store,

corn mill,

drinking bar, restaurant, catering services,
electronic repair shops,
fitting/mechanic,

laundry,

other,

petty trading,

retail,
tailoring/sfsamstress

E R I I |

In this methodology, the energy consumptiontfee sector is driven by totfiborspacein the
municipality. Assuming the sample is representative, theftotabpacesurveyedvas scaled up
proportionally to estimate the energy demand fadhibusinesses ithe municipality. The total
floor-space bthe sample was dominated by the formal see®showrnn Table 22even though
these only accounted for about 11% of the premises surveyed.

Table 22: Floorspace of sample and total businesses

Number of Floorspace of Total estimated Total estimated
businesses sample number of floorspace of all
sampled businesses businesses
Formal 86 73 868 367 314 829
Informal 349 22 163 1487 94 462
Total 435 96 031 1845 409 290

As shownbelow, schools and to a lesser deghespitals, hotels and guesthouaesount for a
disproportionate share of floorspace in the formalsedior and the sample as a whole. The
informal subsector shows a more even spread of area by activity. This raises a few issues as
regards the use dfi¢ data as follows:

1 About a fifth of the commercial sector was sampseothe energy baseline of the sample was
scaledup for input to the model. If schoglshich are area outliers, are a higher share of the
sample than they are of the population they will have a disproportionate contribution to the
population.

1 The methodology of determinirtpor-space area and the need for clear metadata for this
data setd discussed in the Daitssuessection Floor area, from which future energy demand
is calculatedassuming a fixed energy intensity, is projected geometrically in the model. In
spite of the issue raised aboitgs therefore likely that because the ateatributions of the
activities are scaled up proportionally, distortions caused by outliers like schools will have a
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relatively small effect on energy demand projectiolbe dataset, particularly when
averaged, shoujdhowever be compared to other daaad toenergyefficiency benchmarks

with great cautionand future modelling should be cautious around defining and measuring
commercial buildinglborspace

Bar:ks_ Offices
Hospitals 2% - o 1%
0, D .
8% ——__Hotels & Guest
e Houses
Non-Banks — 8%

Financial
Services
0.47%

Schools
81%

Figure 5: Share of formal commercial floorspace by activity type

Blacksmith __Aluminium
. 0.04%____fabricator _Carpentry/Weld
0.10% ing Shops

Tailoring/Seamstress
9% -

Retail
1% 19%
_Cold Store
/ 3%
s
Petty Trading
y3-y B~ ___Corn mill
’ 0%
Other
6% ) Drinking Bar,
) Restaurant,
Laundry,/', Catering
0.02% Services
8%
"_Electronic
Fitting/Mechanic repair shops
- 3%

38%

Figure 6: Share of informal commercial floorspace by activity type

The survey data of the businesses shows the energy consumption characteristics for informal and
formal commercial businessas in Table 23.
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Table 23: Formal sector i Survey results of annual consumption by fuel and end-use for sample

HVAC Cooking/ Lighting | Refriger-| Machine | Entertain- Other Total
water heating ation operation ment
Electricity (kwh) 267 132 31419 183398 | 56566 | 234172 79 037 52 305 904 030
LPG (kg) - 11 868 120 - 180 - 300 12 468
Charcoal (kg) - 53 496 - - - - - 53 496
Wood (kg) - 2835 - - - - - 2835
Kerosene (L) - 14 - - - - - 14

Table 24: Informal sector i Survey results of annual consumption by fuel and end-use for sample

HVAC Cooking/ Lighting | Refriger- | Machine | Entertain- | Other Total
water heating ation operation ment
Electricity (kwh)| 33 156 5635 169 385 | 143844 | 168876 59 843 12070 | 592 809
LPG (kg) - 7 540 - - 1318 - 41177 50 034
Charcoal (kg) - 32 906 - - - - 18 287 51193
Wood (kg) - 5325 - - - - - 5325
Kerosene (L) - 9 0 - - - 9 18

The survey includeduestionnairesn the use of generators in the commercial seatatthis
data is presentdd Table 25.

Table 25: Generator usage data from survey for the commercial sector

Com. Capacity Litres Electricity Capacity | Sample
subsector (kW) used generated (kwWh) factor count
Petrol Formal 346 15333 34617 1.1% 23
Informal 131 8 502 14 345 1.2% 41
Diesel Formal 375 24 338 76 245 2.3% 11
Informal 33 14 578 45 671 15.8% 3
6.2 Met hodol ogy

6.2.1

End-use energy intensities
The survey of businesses was assumed to be representative and the values for theesample

scaled ugroportionallyto estimatehedemand from the populatigBawakyillenuo & Agbelie,
2014).The consumption of energy for a fuel =

The floor area occupied by sigector kX

The share of floor area of businesses in a sub/sector that need an energy service

like heating of the floor area of all business in a sub/se¢tor

The share of floor area dfusnesses that use this fuel/teotogy for this energy
service of the floor area of businesses that use this energy skErvice

The energy intensity (GJ/m2; kg cbaal/m2; litres diesel/m2 efcof this energy
service for these businesses using this/fteghnology ¢alibrated

For the formal sectorthe inputs tothis methodologyas determined from the survey daga
presented in thiollowing tables
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Table 26: Formal businesses percentage of floorspace with end-uses

% of total HVAC | Cooking/ water | Lightin | Refriger- Machine | Entertain- Other
floorspace heating g ation operation ment
with end uses
Formal 100 56 100 60 48 73 45
Table 27: Formal sector percentage of floorspace end-use by fuel type
HVAC | Cooking/ water | Lighting Refriger- Machine Entertain- Other
heating ation operation ment
Electricity 100 21 99 100 100 96 100
LPG 0 18 0 0 1 0 1
Charcoal 0 45 0 0 0 0 0
Wood 0 44 0 0 0 0 0
Kerosene 0 0 0 0 0 0 0

Using the total fuel consumed for eamhduse and the totdloorspacewhich has thaenduse
(and fuel) the final energy intensities for each end use by each fuel are caldoldiole 28.

Table 28: Formal sector i the average annual energy intensity by fuel and end-use

HVAC Cooking/ Lighting Refriger- Machine | Entertain | Other
water heating ation operation -ment
Electricity (kwh/m2) 3.62 3.57 2.52 1.27 6.67 1.53 1.58
LPG (kg/m?) 1.58 0.79 0.83
Charcoal (kg/m?) 2.87
Wood (kg/m?) 0.15
Kerosene (L/m?) 2.00

Similarly, processing the survey data fioe informal sectoyielded theprofile for enduses and
fuelsshown in Tables 29 and 30.

Table 29: Informal sector percentage of floorspace with end-uses

% of total floorspace HVAC Cooking/ Lighting | Refriger- | Machine Entertain- | Other
with end-uses water heating ation operation ment
Informal 15% 9% 96% 22% 70% 36% 7%
Table 30: Total floorspace of fuel used for end-use/total floorspace with end-use
HVAC Cooking/ Lighting Refriger- Machine Entertain- Other
water heating ation operation ment
Electricity 96% 44% 99% 99% 99% 99% 91%
LPG - 30.% - - 0.33% - 48%
Charcoal - 43% - - - - 7.1%
Wood - 3.2% - - - - -
Kerosene - 2.0% - - - - 0.84%

3 It should be noted that for commerce it wag olear how the data on energy consumption disaggregated by
energy service was estimated, whether by independent measurement, by the surveyor, or by the participant in the

survey, and whether the estimates reflect botprnealculations or judgement. Aeted in the data issues section,
more detailed metadata for the survey results would make for a more powerful dataset.
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The final energyintensity values for the informal sector bpduse and byuel-type based on
survey data:

Table 31: Informal sector i average annual energy intensity by fuel and end-use

HVAC Cooking/ Lighting | Refriger- Machine Entertain- Other
water heating ation operation ment
Electricity® (kwh/m?) | 10.065 6.497 8.036 29.59 11.00 7.54 9.12
LPG (kg/m?) 12.651 26.01 59.11
Charcoal (kg/m2) 38.821 177.25*
Wood (kg/m?) 84.110
Kerosene (L/m?) 0.209 0.025 0.74
*The very high energy intensity for charcoal in the 60th
6.2.2 Own-generation data

The survey data indicated that there was aB@ukW of petrol generators in theample of the
commercial sector mainly in the formal sector. Diesel generator capacity wasiaB&W but
the vast majority lies in the formal sector, presumably becauskeohigher cost of diesel
generators and because thesehines typically also have higher capacities

Table 32: Own generator usage for informal and formal in the surveyed sample of
the commercial sector for 2013

Capacity i kW kWh generated coh!stlrjerﬁed Capacity Factor
Formal
Petrol 346 34617 15333 1.14%
Diesel 375 76245 24338 2.30%
Informal
Petrol 131 1435 8502 1.25%
Diesel 33 45671 14578 15.8%

The methodologydescribed belowwas followed in cleaning th@wn-generator data and
converting the corrected volumes of faehsumed to an estimate of kWh generated. The Ga East
and Awutu Senya East survey generator data was processed together and this methodology refers
to both samples and modeBoth monthly and annual volumes of diesel and petrol consumed
were recorded arttie agreement between these was checked. Only ID 742 had a monthly volume
that when scaledip to an annual volumedeviated by more than 20% from the recorded annual
volume. In this case the monthly and annual fuel costs agreed well so these were agsetteed
indication.The monthly and annual expenditure on petrol and diesel were also recorded. In a few
cases there was expenditure data but no volume data and vice versa. Volumes were divided into
expenditure to yield an implied price which was the sdoremost observations but with a
distribution of errors either side of th&s shown for petrah Figure 7.
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Figure 7: Histogram of implied prices obtained by dividing petrol volume data
into petrol expenditure data
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Abcorrectedd volume of petrol and diesel was ec:¢

It was assumed that expenditure data was likely to be more accurate than volume data on average.
Therefore in cases where expenditure was available this was converted to volume using the
median implied price of the respective petrol and diesel samples otherwise the indicated annual
volumes were usedwo observations (ID 128 and 320) had neither volume nor cost data although

an onsite generator was indicated and these data were discarded.

The survey queried whether premises had a petrol or diesel generator on site and its capacity
presumed to be in most cases the kVA rating. A corrected generator capacity was obtained as
follows: The generator capacities were listed in order of magnitude@mgared to standard

sizes of generator from online industry catalogleshe case of petrol generators we would in
general expect these to be small (< 10 kva). A common size in the sample was 6.5 kVa. It was
therefore assumed that values such as 65qJ00802) and 6500 (IDs 304, 305, 310 and 313)
were 6.5 kVa generatorkisted petrol generator sizes of 2700 (ID 423) and 1500 (ID 309) were
assumed to be 2.7 kVA and 1.5 kVA respectively.

The formal sector had 4 large petrol generators listed betweands@4. These correlated with

quite large volumes and were therefore assumed to be correct kVA ratings and are perhaps older
machinesTwo other large values for petrol generator ratings of 250 (ID 425) and 240 (ID 724)
were however replaced with the irfrmal sample average (3 kVA) and formal sample average

(11 kVA) respectively.

In the case of diesel generators we would generally expect larger capacities (> 10 KVa) although
smaller machines are commercially available. Exactly half the diesel genematpteshad
capacities between 10 and 90 kVA and 42% of the sample were indicated as being small machines
(1.20 10 kVA). In cases where the annual volume consumed was less than 1000 litres these were
left unchanged but for cases with high annual consumptis 43, 741 and 743) the indicated
capacity was assumed to be an error and the diesel total sample average (25 kVA) was assumed.

Any instances where generator consumption volumes were indicated but capacity ratings were
not recorded were replaced eithethwthe petrol informal sample average (3 kVA), petrol formal
sample average (11 kVA) or diesel total sample average (25 K\W&)corrected capacities and
volumes were then converted into kWh of electricity produced by assuming a fixed linear
relationshipbetween volumetric consumption and electrical output from a brief survey of online
industrial sources as follows:

ENERGY RESEARCH CENTRE



Awutu Senya East LEAP modelling technical report 21

FC-=0.398 R + 0.566 (1)*

FCo=0.3192 R (2)°

Er=Vp/ (FGI/Rp) 3

Eb = Vo / (FG/Rb) 4
Where:

1 FC =volumetric cosumption(litres/hour)

1 R =generator ring (kW)

1 V =annual fuel consued

1 E =annual electrical energy prodea (kWh)
1 P denotes petrol and D denotes diesel

By combiningEquations 5 and 7 we can derive a constant thermal efficiency assumption of 31.4%

for diesel mabines. The more partial the load on a generator relative to its rated load, the lower

its thermal efficiency. There,isowever no way of knowing from the sample data what average

load the generators are being run at. While relatively,litgh assumedficiency for diesel

machines is more conservative than some other sources and was thus assumed reasonable given
other sources of error. For petrol machines, the intercept in Equation 4 results in a diminishing
efficiency as the capacity of petrol machimsps which, while true in reality for both petrol

and diesel machines, is poorly captured by this model for very small machines on further
reflection. For the sampléowever the error is limited by the low volume consumed by small
machines such thate weighted average thermal efficiency assumed is Bb¥duture work the

aut hordos propose the following equations based
published by various manufacturers (see Appendix A)

For petrolfuelled generators afapacity < 20 kVA where lpad factorhas been assumed:

dr= 1.03X10" Load Factor 4.04X10° Rp + 6.18X10? (5)
FCo= Re/ (CVp Xdp) (6)
For petrolfuelled generators of capacity > 20 kVA or wharkwadFfactor is not assumed:
FCr=5.33X10! Rp + 5.00X10? @)
For dieseffuelled generators of all capacities wheteadfactor has been assumed:
0o = 1.26E01* Load Factor 5.13E04* Rp + 1.69E01 (8)
FCo=Ro/ (CVb X0p) (9)
Where:
I FC =volumetric conamption (litres/hour)
1 R =generator ratig (kW)
1 P denotes petrol and D denotes diesel
T d denotes the thermal efficiency of the generator
9 Loadfactoris the ratio of average load to rated load in operation and is between 25% and

100%
1 CV denotes the calorific value of the fuel assumed to be 8.9k for petrol and
9.93 kWh/litre for diesel in this study

For this iteration of the modethe data processed by the first method was assumed to be a
satisfactory estimate given other sources of error. By assuming a fuel consumption rate for each
geneator in the sample we can estimate the average time of use of the generators per day which

4 Linearregression by authors of online data for various mantufars
5 http://www.hardydiesel.com/generatiuel-consumptiorcalculator.html
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is distributed ashown in Figure 8. On average, formal businesses use generators for 1.2 hours a
day and informal businesses 0.85 hours per day.
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Figure 8: Distribution of calculated daily generator use for informal and formal businesses in both
Ga East and Awutu Senya East

7. Agriculture sector

A survey was undertaken of agricultural activities in the municipal area, and mainly constitutes
poul try f ar mscrampd i shaehepmenoppsotiucersThe total production of
these mechanised farms was about 500 tonnes in 2013 and can fluctuate widely over,thge years
shown in Table 33. The types of energy and consumption for 20E8memasured as shown in
Table 34.

Table 33: Estimated output in the agriculture sector of ASEM

Year Output (tonnes)
2010 268
2011 537
2012 312
2013 494

Table 34: Fuel consumption in the agriculture sector for ASEM

Transport* Processing Heating Drying Lighting | Generator

use

Petrol (litres) 660 378

Diesel (litres) 2018

Electricity (kWh) 20 424 26290 14622 2549

Charcoal (kg) 245 15499 192

LPG (kg) 720 117

Solar (kwh) 33

* |t is possible that the diesel consumption is being used for generators and not transport.
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We assumehoweverthat the transport requirementsaigricultureare accounted for in the freight
subsector of transport. Thus wemiat include the transport component hesee Table 35.

Table 35: Energy intensities by end use in the agriculture sector for ASEM

Processing Heating Drying Lighting
Electricity (kWh/tonne output) 41.3 53.2 29.6 5.2
Charcoal (Kg/tonne output) 0.5 31.3 0.4
LPG (Kg/tonne output) - 15 0.2 -
Solar (kWh/tonne output) 0.1

8. Transport sector

This section describes the data and methodologies used for representing the transportation energy
demand in ASEM. In this methodology, transport is split into passenger freight demands, each
with its own driver (of demand}rom the Focus Group Discussidi&D) it was estimated that

half of all households in ASEM had a vehicle, and this results in the light passenger vehicle count
of 21898.

81 Dat a

Dataobtained by the SAMSET teandicatedthat in ASEMthere were 2245 passenger vehicles
and 235 freight Vieicles operating in and around the municipalége Table 36).

Table 36: Vehicle population count for ASEM, survey 2014 data
Source: ASEM focus group discussions with transport stakeholders as part of the SAMSET
project (Bawakyillenuo & Agbelie, 2014)

Petrol(% | Diesel(% | LPG(%
Vehicle type Vehicle count %share ) ) )

Heavy passenger vehicle >12 15 0.05 100

Light passenger vehicle <12 21 898 74.21 90.4 9.6

Mini buses 6 150 20.84 70 30

Taxis 1120 3.80 50.8 32.5 16.7
Motorbikes 62 0.21 100

Tricycles 30 0.10 100

Light trucks i Freight 70 0.24 100

Medium trucks i Freight 45 0.15 100

Heavy trucks i Freight 120 0.41 100

The total fuel sold in thSEM municipality was obtained frorfocus group discugms with

fuel service stakeholdeesd representativésom the municipality and the municipal assembly
that was part of the SAMSET surveyASEM that includedhe direct surveys undertaken in the
residential, commercial and industrisgctors. The data input to the transport model did not
therefore derive from direct survey as was the case for other sectors.

The total fuelsales from fuel service stations in ASEM for 201&stsmated by théocus group
discussion is 17.4 million litres for diesel andi7.1million litres for petrol (see table 37)
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Table 37: Annual fuel sold in ASEM stations in 2013
Source: Stakeholder engagement by Ghanaian team for SAMSET project

No. of fuel stations 37
No. of LPG stations 9
Avg. volume petrol sold 450 000 litres/station
Avg. volume diesel sold 459 000 litres/station
Avg. volume LPG sold 4 468 720 kg/station

A liquid fuels energy balance for ASEM weampiledusing the supply information (above) and
the total demand for each liquid fualdicated by the surveys foine other sector§esidential
commercial, af). The balance of fuels is showim Table 38 and indicateghat transport
(excluding municipal usedccounts for about 95% of petrol and 96% of diesel consumption in
the municipality

Table 38: The petroleum fuels energy balance for ASEM in 2013

| Diesel (L) Petrol (L) LPG (kg)
Supply Supply from ASEM fuel stations: 17 442 000 17 100 000 40 218 480
Sector Use
Machinery 49559
Other machine
Industry drive 30261
Process heating 180
Generators 60868 160
) ) Cooking 3558961
Residential
Demand Generators 268652 911206
Cooking 19431
Machine
Commercial operations 1498
Other 41486
Generators 24853 23319
Vehicles 337500
Local Government
Generators 0
Demand subtotal 771873 934684 3621376
Balance to transport 16 670 127 16 165 316 36 597 104
Implied transport use % share of supply 95.6% 94.5% 91.7%

Some estimates on vehicle activity for passengers and freight were obtained by the SAMSET
FGD6 and help to inform assumptions and input on the passenger and freight astisitgwn
in Table 39.
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Table 39: The average use of each vehicle type in the ASEM

Occupancy Vehicle return Days of Total people/week
(people per trips per day use per or
Vehicle type vehicle) week tonnes/day

Heavy passenger vehicle >12 60 4 6 43 200
Light passenger vehicle <12 15 2 6 394 164
Mini buses 20 10 6 7 380 000
Taxi 5 10 6 336 000
Motorbikes 2 8 6 5952
Tricycle 450
Light trucks 2100
Medium trucks 2 025
Heavy trucks 5400

82 Met hodol ogy

ASEM is locatedapproximately 30kmvestof Accra, and the Cape Coast rpathich is a major

route in and out of Accrauns through ASEMHouseholds in ASEM are thus within a practical,
though quite long, commuting distante Accra and presumably can refuel there or within the
municipality, while vehicles passing through on the Cape Coast road may choose to refuel in
ASEM.

The general approach to the LEAP model of Awutu Senya for other sectors was to employ a
calibrated suply and demand modelling methodologyhe consumption of fuels in the model

was calibrated so as to sum to the total supply of fuel to the municipality. This is a common energy
modelling methodology and hinges on the premise that the municipality calty usoly
influence planning decisions within the municipality boundary. Clearly, a bounded area like a
municipality is a generator and attractor of trips in the case of the transport ardttrerefore

the municipality may be able to exert policy infiwe on the mode and other characteristics of
these trips. Against this, an unbounded model of a bounded area cannot be calibrated against
supply statistics and may be highly uncertain without a great deal of detailed measurements.
Furthermore, such a modelay not be consistent with that of another area, given overlapping
trips and this can make reconciling models of different spatial scopes difficult. The Global
Protocol for CommunityScale Greenhouse Gas Emission Inventories (GPC Protocol), a
collaboratie effort to develop practical methodologies for local scale GHG emission inventories
has developed a standardised approach to deal with these issues (WRI 2014). This protocol
recommends that data and models be organised in different scopes which tacipattal
problem in different ways as follows:

Scope 10nly trips that originate and end within the boundary are included. Upstream emissions
embedded in energy carriers like petrol diesel and electricity are excluded.

Scope 2Upstream emissions fromegdtricity supply are added

Scope 3:Transboundary trips originating and ending within the bounded area are included in
Scopes. A few methods may be considered but ideally the method of induced activity is preferred
whereby 50% of the total trip lengthathoccurs outside the boundary is accounted for as shown
in Figure 9. Trips that pass through the bounded area are excluded completely in this
methodology. It ishowever, recognised that in general sophisticated traffic models for a city are
required to track transboundary trips to this level of detail.
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Figure 9: Induced activity method for accounting for transboundary trips in GHG inventories

The GPC protocol (WRI 2014) advocate the following methodologies that can be used in a GHG
inventory of a city:

Fuel sales approachGHG emissions are based only on the fuel sold within the boundary

Induced activityapproach GHG emissions from intraboundary trjg®% of transboundary trips
are estimated from traffic models and surveys

Geographic orterritorial approach. Onl'y GHG emi ssions from acti vi
boundaries is included. Only some European trafficatmdisually used for local air pollutant
model make these estimates (WRI, 2014)

Residengctivity gpproach:Only GHG emissions from activity by city residents is included. This
requiresasurvey of resident behaviour and vehicle registration records liited by excluding
the possibly substantial contribution of A@sidents.

It was decidegdgiven the data to hand and because the transboundary component of travel was of

interest to stakeholders, to follow a hybrid methodology offtiet sales and bluced activity

appoach. Currently the level of detail in the available data is not sufficient for a rigorous
implementation of the induced activity approast it was important to ground the approach in

the fuel sales approacbpwhiléhewesgusdemaonddeahd
taking the following stipulation of the GPC Protocol into account:

All fuel sales from irboundary fuel dispensaries should be accounted for in scope 1, even
though fuel purchases may be for transboundary trips.t&aing all fuel sales emissions

in scope 1 also enables more effective ritii aggregation. However, cities may conduct
surveys or use other methods to allocate total fuel sales into scope 1 and scope 3 emissions.

For this model, given the absence wf®ys, Scope 1 balanced fuel sales in the area but included
some portion of transboundary trips.

In the case oAwutu Senya Easthere is some activity data from focus groups but no direct
measurement can be confirmed to completely meet the stiputats of all three scopes of GPC
would not be possible. We can make certain assumptiomgever based on this initial data and
furthermore assume, as a starting point, Wak-commuting trips are dominated by journeys to
Central Accra of a similar distaa. On review therefore the following principles were adopted:

1 Unless service stations are not permitted within a municipal, #neaquantity of fuel
sold/supplied therein is likely to be broadly indicative of transport activity consisting of trips
confined within the municipal area (intraboundary tiipScope 1) and trips both originating
and ending within the boundary of the municipal area (interboundary t8pspe 2).

1 The further away the strong attractors and generators of trips are from théal.ariea, the
greater will be the portion of fuel not accounted for by local sales

1 Counter to this, the proximity of a major arterial on which filling stations within the municipal
area have been built for the clear purpose of servicing this traffindasated by large
volumes, implies that internal sales of fuel may erggresent in scope transport activity.
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9 It is important to calibrate energy models where possibidit wastherefore decided to
devel op a framewor k t dnavherebyltHe smadsllerdanadpuattheé i al 6 ¢
assumed or observed ratio of fuel-tifhs within the municipality relative to those without.
While this ratio may be conjectural without direct measurepiiehnas the effect of keeping
the total fuel used by vehideegistered or used for public transport in the municipality within
reasonable bounds. In the case of Ga East, if we assume a large proportion of trips are made
to central Accra, we can adjust this refuelling ratio and the trip length till a reasonable
compromise is reached between the supply and demand side data fréooubheyraips,
spatial considerations and typical norms like vehicle fuel economies and trip frequencies.

1 If calculated transport energy demand, given reasonable, representative orcdbhstwity
levels for the vehicle population assumed to operate within the municipal boundary is less
than thesupplyside total in the petroleum fuels energy balance Tsdae 38) then the
remai nder can be assigned to 6écorridordé traf
modelled as a separate demand to transport service demand within the municipality. This is
to be considered in the case where the municipalitpcated on a major route such as a
highway and the fuel stations are reasonably proximate to that sowte that commuters
passing through might refuel there. If results were to be reported according to Scope 3 of the
GPC then the energy demand and emissions from these trips would be extdutids
included in the model as a demand node to be included or excluded as required.

1 Clearly,insecal |l ed 6dormitoryd municipalities an im
may be to reduce the travel demand of commuting to a neighbouring big city by developing
public transport options. It iflowever proposed thain the case that this is of interest, this
travel demand is also modelled as a separate transport demandiodiileand furthermore
that data be collected on the frequency, distance and vehicle occupancy of this type of
commuting to make a reasonably representative model possible. This demand node,
consisting of transboundary tripsould be equivalent to Scopeo8the GPC methodology
discussed above. For form@aPGcompliant reporting purposes this demand can be halved
to be consistent with the 50% transboundary trip requirenggven the current simple
activity assumptions of a fixed mileage per vehicle ataasumed representative fuel
economy. For the purpose of assessing the energy system of the municipality in isolation
however it is more useful to report the estimated entire trip energy demand arising from the
focus groupbs ass ebekbanmiamnGEMf general vehicle

For theASEM model, assumptions were developed for local and commuting passenger demand,
applying the data collected where possible. These are explained in more detail below. Essentially
this results in petrol supply being more or less balanced by local travel damdicdmmuting

to outside the municipality by residents with little allocation to corriddile diesel allocation

to corridor is far greateto balance supply. It must be stressed that these assumptions should
ideally be improved by future data collection both commuting behaviour and rates of refuelling

of vehicles passing through the municipality.

The remaining fuel balance frofrable 38 is used to calibrate theansport model foASEM in
conjunction with the data on vehicle count and estimated vehicle occupancies and trip frequencies
T this is outlined next.

Model set up

The overall approach to handling the data and setting up the transport energy moddirgtas to

set up the model with the given data and review the results against known common indicators/data
such agheannualdistancdravelled by each vehicle as well as total fuel supplied to the transport
sector.

The model is set up with the following alents:
1. Vehicle count (from data)
a. For each vehicle type (minibus, basy,etc).
2. Vehicle split by fuel type (from data)
a. Diesel,petrol or LPG (only intaxis).
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Fuel economy (L/100km)
Vehicle trips per week (from t&).
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Vehicle occupancy per trip (from data)
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7. Assumption on frequency of filips for each vehicle that occurs in ASEM (assumption)

oc al

For the ASEM modelassumptions were developed for local and commuting passenger demand
apgying the data collected where possijbénd theseare explained in more detail below.
Essentially this results in petrol supply being more or less balanced by local travel demand and

commuting to outside the municipality by residanith little allocation to corridgrwhile diesel

allocation to corridor is far greater to balance supply. It must be stressed that these assumptions
should ideally be improved by future data collection on both commuting behaviour and rates of
refuelling d vehicles passing on the Cape Coast Corridor.

Model detail

The vehicle count for ASEM was adjusted down somewhat mainly in order to help calibrate fuel
consumption in ASEM, buhis could be justified by the fact thalder vehicles may no longer

operateor operate very little in practicdhe vehicle counts are also not from a registration

database and are estimates from stakeholder engagement and therefore is was deemed acceptable
to make slight adjustments if this assisted calibrafiable 40 showshe adjustments to the
vehicle count in ASEM

Table 40: Vehicle count adjustments for ASEM

Vehicle Original data | Adjustment New Comment on adjustment
type on vehicle vehicle
count count
Bus 15 100% 15
Adjusted down assuming some do not
Car 21 898 90% 19 708 operate in ASEM, this also aides in
balancing fuel consumption
Mini buses 6 150 90% 5535 As above
Taxi 1120 90% 1008 As above
Motorbikes 62 100% 62 Did not modify since this vehicle count is
very low.

The passenger transport model requires assumptions onactivial and fuel economfpr each

vehicle type in order to gauge how far each vehicle travels per year and thus how much fuel they

consume. With an occupancy number this carctrvertedinto passengekm demand for

ASEM.

Model set up

The overall approach to handling the data and setting up the transport energy model was to first

set up the model with the given data and review the results against koroemmmon
indicators/data such as anndatanceravelled by each vehicle as well as total fuel supplied to

the transport sector.

The modefequires the following key inputs

8. Vehicle count (from data)

a. For each vehicle type (minibus, bus, cars.etc)

9. Vehicle split by fuel type (from data)

a. Diesd, petrol or LPG (only intaxis).

10. Vehicle occupancy per trip (from data)
11. Fuel economy (L/100km)
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12. Vehicle trips per week (from data)

13. Trip splitand lengtdf or e

demanil.

ach

vehicle

b easswneed commuting c a | 6

14. Assumption on frequency €ifl -ups for each vehicle that occurs in ASEM (assumption)

Since there is a large portion of people living in ASEM and working in Ac@oanmunication

with Ghanaian SAMSET tegmthe trips toandfrom Accra needed to be accounted for. This
aspect also ats to the complexity of fuel balancing since the boundary of the city ispurau$

when it comes to fueltilisationas described abovEhus the total padem demand for this model

f or | o ceadlringathe geadnd bowr a 6
much ASEM would effectively be responsible for fuellindp@&sed on data provided and various
assumptions where necessary. This is given in the equations below

i's set

up

t o

account

The total effective passenglem demand as seen by ASEM fuellingtistas:
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These equations are used in conjunction with assumptions on trips splits based on two different
scopes adopted for study here. The first scope is a calibrated (to tosdlf)eransport model,
and the secondEopel) is one where transboundary travel is accounted for (trips to Accra).

8.2.1 Scope 1 methodology

In this scope, only a portion of transboundary trips are accounted for, while the majority of local
(intraboundary}rips areassumed to bgerviced by ASEM such that the total fuel consumed by
that portion of th@ransportsector represented in the modetalibrated to the total fuel sold in
ASEM. The inputs for these equations gieenin the tables below, and effiively describe the
assumptions and characteristics of the transport sector model for ASEM

Table 41: The basic assumptions for the passenger transport model for ASEM

1way trip Return trips | Days of trip | Total return
Vehicle type (v) | Trip split % (a) distance i km (b) | Perday (c) Use (c) trips/year
Accra Local Accra Local Trips/day days/year

Bus 25% 75% 30 6 4 312 1248
Car 75% 25% 30 6 1* 312 312
Minibuses 10% 90% 30 6 5* 312 1560
Taxi 10% 90% 30 6 10 312 3120
Motorbike 0% 100% 30 6 8 312 2496

(a)These are assumptions
(b) Local distance is an assumption. Accra distance is estimated from Google maps.
(c) Communication with Ghanaian SAMSET partners

* The original numbers from the FGD are factored down by half, without which the fuel consumption in ASEM is more
than 50% of what was sold and this is mainly from light vehicles and minibuses.

6 The EAM is the effective vekm that ASEM would be servicing with fuel. Much of the transport in and around
ASEM is thought to be corridor trangitmainly to and from Accra, anduk ASEM would not supply 100% of

al | t he
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Combined withTable 36 (vehicle countsand Table 39 (vehicle occupancy)and the following
fuelling assumptions andgehicle activity, the remaining inputs to the equatices well as the
effective annual iteage (EAM)are presenteith Table42.

Table 42: Passenger travel between Accra and ASEM i Assumptions for Scope 1

True Return trips/day EAM for

Total km of return mileage serviced by ASEM Veh-km serviced Scope 1

trips (km/year) (assumptions) by ASEM (km/year)
Accra Local Accra Local Accra Local Total
Bus 18 720 | 11 232 29 952 50% 100% 9 360 11 232 20 592
Car 14 040 936 14 976 25% 100% 3510 936 4 446
Mini buses 9 360 16 848 26 208 10% 50%* 936 8424 9 360
Taxi 18 720 | 33696 52 416 25% 100% 4 680 33696 38 376
Motorbikes 0 29 952 29 952 50% 100% 0 29 952 29 952

* Without this adjusted number (from 100%) the total fuel consumption becomes much larger than what is supplied to ASEM.

This is purely an assumption to assist calibration therefore

Notably, the result ofalibrating the mileage travelled withine municipality (EAM) to balance

the sales oASEM fuelservicestationgesults in low mileages for cars and minibysegas can

be seen from the discussion on Scope 3 belbe, true annual mileagesimplied by the
assumptions abowere somewhat clos¢éo averagéaypical globalannual mileages (in the region

of 10 000/ 20000 km/year for passenger cars and double this or more for public transport
vehicle3. Theassumeduel economies of each vehicle type used in this model are igivieable

43.

Table 43: The fuel economy per vehicle type used in this model

Fuel economy (litres/100 km)
Petrol Diesel LPG
Bus 30
Car 10 8
Mini buses 18 15
Taxi 10 8 6.5
Motorbikes 3.5

Applying the assumptiondor distancetravelled per dayand vehicle occupang yields the

passenger transport demaiod each modehown in Table 44Light passenger vehicles do not

travel very far as seen by the municipality because the quantity of fuel observed to be sold is not

large enough 0 account for the full vehicle activity.
assumption inrable42. These assumptions imply that a lot of fuel used by vehicles does not

come from within ASEM but this should ideally be verified by future surveys. The total fuel use

allocated to each vehictgpe is presented in Table 45.

Table 44: Resulting passenger vehicle activity for ASEM

Total demand based on mileage serviced by
Effective annual mileage ASEM, vehicle count and occupancy
(vehicle km/year) (passenger-km/year)

Bus 20 592 18 532 800

Car 4 446 131 433 986

Mini buses 9 360 1 036 152 000

Taxi 38 376 96 707 520

Motorbikes 29 952 3714048
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Table 45: Total fuel consumption for the passenger transport model by vehicle type

Fuel consumption (litres)

Petrol Diesel LPG
Bus - 92 664
Car 7923171 671 276
Mini buses 6 527 758 2331342
Taxi 1964 384 1 005 765 420 362
Motorbikes 64 996 -
Total 16 480 309 4101 046 420 362

Freight transport
Freight transportation in ASEM is estimated based on the vehicle count data p(eerleable
36) and a set of assumptions on overall vehicle actigltywn in Tabls 46 and 47

Table 46: The assumptions used for the freight section of transport in ASEM

Fuel split Capacity load Assumed load Annual-km
(tonnes) factor
Petrol Diesel
Tricycle 100% 0.08 50% 30 000
Light trucks 100% 1 50% 30 000
Medium trucks 100% 8 50% 45 000
Heavy trucks 100% 20 50% 55 000

Table 47: Fuel economy assumptions for freight vehicles

Fuel economy (litres/100 km)
Petrol Diesel
Tricycle 4 -
Light trucks 20 18
Medium trucks 38 35
Heavy trucks - 50

From these assumptions the followifigable 48)is used for model input relating total freight
demand and fuel consumption:

Table 48: The freight transport model inputs for ASEM

Vehicle type Tonne-km Assign to MJ/tonne-km
Heavy truck 66 000 000 Corridor 1.8
Medium 8 100 000 Corridor 3.14
Light 1 050 000 Local 12.9
Tricycle 36 000 Local 0.0
Total 75 186 000

Fuel unaccounted for

The total fuel balance left over after deductigel demand estimated bthe transport
methodology from the fuel salésss the consumption by other sectisrghen allocated to the
demand frontorridortraffic. Given the assumptionssgdussed abovéhistotalsabout4%% diesel
that isunaccountedbr by local demand and private commuting to Accra and surrassf®wn
in Table 49.
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Table 49: Balance of fuel left over after passenger and freight consumption

Unaccounted Share of supply allocated to
Fuel volume (litres) transport (%)
Diesel 8182331 49
Petrol* 0 0
* From the passenger demand model set up the fuel consumed was about 1% more than
supplied given the assumptions in this model, thus there is no petrol allocated to corridor.

The large amount of diesel unaccounted for may easily be attributed to freight traffic passing
through the municipality along the coastal road leading in and out of Accra.

An assumption is made about the split between freight arsbipgsrusage along the corridor
shown in Table 50.

Table 50: Assumptions on the unaccounted fuel usage along the ASEM corridor

Diesel
Freight 85%
Passenger 15%

It is assumed that the freigihdnsport mod¢éhatconsumeshe unaccoumd fuelis large trucks
most likely the type that would be passing through the munigipatifong distance routes

Table 51: Resulting corridor transport activity

Litres consumed MJ tonne-km Total activity
or passenger-km (tonne-km or passenger-km)

Diesel Petrol | Diesel Petrol Diesel Petrol
Freight 6 954 981 1.79 138 606 399
Passenger | 1227 350 0.27 163 646 614

The freight transport from the vehicle count data is combined with the fuel balancing freight
component as given ifiable52to give the corridor freight and the local freight

Table 52: Freight split by corridor and local components for vehicle type

Applied methodology Assigned to tonne-km

Vehicle count from

Tricycle data Local 36 000
Vehicle count from

LCV data Local 1 050 000
Vehicle count from

MCV data Corridor 8 100 000
Vehicle count from

HCV data Corridor 66 000 000

HCV Fuel balancing Corridor 138 606 399

The final fuel consumption for Scope 1 methodology is giwehable 53
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Table 53: Fuel consumption and supply (in litres) for scope 1 methodology transport for ASEM

Petrol Diesel LPG
Fuel consumed 16 480 309 16 670 127 369 098
Fuel supplied 16 165 316 16 670 127 68 300 260
Error -1.95% 0.00% 99.46%

This scope 1 methodology approach results in the passenger and freight transpsariton e
modelshown in Table 54.
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Table 54: Passenger and freight transport inputs into the model

Locally refuelled Passenger-km % share MJ/passenger-km
Passenger 1 449 606 705
Transboundary 390 662 824
Public 286 899 151
Bus 8 424 000 2.9 0.179
Minibus D 194 150 911 67.7 0.269
Minibus P 72 530 640 253 0.289
Taxi D 3832945 13 1.146
Taxi P 5988 976 2.1 1.284
Taxi LPG 1971679 0.7 0.532
Private 103 763 673
CarD 9 936 645 9.6 1.909
CarP 93 827 028 90.4 2.140
Local 1 058 943 881
Public 1 027 559 520
Bus 10 108 800 1.0 0.179
Minibus D 279 761 040 27.2 0.269
Minibus P 652 775 760 63.5 0.289
Taxi P 43 120 627 4.2 1.284
Taxi D 27 597 201 2.7 1.146
Taxi LPG 14 196 091 1.4 0.532
Private 31 384 361
CarD 2649772 8.4 1.909
Car P 25020 541 79.7 2.140
Motorbike 3714048 11.8 0.562
Corridor 163 066 351
Public 163 066 351
Mini bus D 163 066 351 100.0 0.269
Mini Bus P - 0.0

tonne-km % share MJ/tonne-km

Freight 213 792 399
Local 1 086 000
Trike 36 000 6.4 14.42
LCV 1 050 000 93.6 12.98
Corridor 212 706 399
MCV 8 100 000 3.8 3.13
HCV 204 606 399 96.2 1.79

8.2.2 Scope 3 methodology

In this section, we present the assumptions used to set up the transport modé&dopei
methodology where all trips are accountedifdrothlocal and transboundary trips. We use the
same data and assumptions as Scope 1 for the trip splits angketrigsar as given ifiable42,

but new assumptions for tiseare of return trips to Central Accra are included in the scope of the
model. This yields a newffective annual milege (EAM) that reflects the assumed average
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annual mileage of vehicles in ASEMSsing the inputs to the model shown in Table 55, the total
passengekm demand for ASEM is determined, as in Table 56.

Table 55: Passenger travel between Accra and ASEM 1 Assumptions for Scope 3

True Return trips/day Vehicle-km EAM for

Total km of return mileage accounted for included in ASEM Scope 3

trips (km/year) (assumptions) scope (km/year)

Accra Local Accra local Accra Local total

Bus 18720 11 232 29 952 100% 100% 18 720 | 11232 29 952
Car 14040 936 14 976 100% 100% 14 040 936 14 976
Mini buses 9360 16 848 26 208 100% 100% 9 360 16 848 26 208
Taxi 18720 33 696 52 416 100% 100% 18 720 | 33696 52 416
Motorbikes 0 29 952 29 952 100% 100% 0 29 952 29 952

Table 56: Total passenger-km for all vehicles in ASEM in 2013 in Scope 3 methodology

True mileage Annual mileage Total demand
(vehicle km/year) (vehicle km/year) (passenger-km/year)
Bus 29 952 29 952 26 956 800
Car 14 976 14 976 442 725 005
Mini buses 26 208 26 208 2901 225 600
Taxi 52 416 52 416 132 088 320
Motorbikes 29 952 29 952 3714048

Freight
The freight model setup and assumptions used Bcope3 are thesame as foiScopel
methodologydescribed above

Fuel unaccounted for

The transboundary assumptions centréhempassenger mode whichdisminated by demand for

petrol, easily accounting foestimated supply in the municipalibut the increased mileage of

diesel fuelled passenger vehiclegsder Scope alsoleaves less dieselmaining on the supply

side after accounting for passenger and freight demand than for the Scope 1 approach as shown
in Table 57. This unaccounted for diesel was designated to the corridor under the same
assumptions as the Scopen&thodology; see Table 58.

Table 57: Unaccounted for fuel in the supply demand balance: Scope 3

Litres
1 956 956
Petrol -

% of supply
11.7%

Diesel

Table 58: Unaccounted fuel to corridor transport assumptions in Scope 3 methodology

Total activity

Assumed split Litres consumed MJ per activity (tonne-km or Pass-km)

Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol
Freight 85% 30% 1663413 - 0.90 - 66 536 505 -
Passenger 15% 70% 293 543 - 0.27 - 39139121 -

The freight transport from the vehicle count data is combined with the fuel balancing freight
component as given ifiable59to give the corridor freight and the local freight:
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Table 59: Freight tonne-km split between local and corridor for scope 3 methodology

Applied methodology Assigned to tonne-km

Vehicle count from

Tricycle data Local 36 000
Vehicle count from

LCV data Local 1 050 000
Vehicle count from

MCV data Corridor 8 100 000
Vehicle count from

HCV data Corridor 66 000 000

HCV Fuel balancing Corridor 33 268 252

The fuel consumption in thiScope3 methodology is giveim Table 6Q where diesel meets
supply but petrol is almost 200% more than supply

Table 60: Fuel consumption balance for Scope 3 methodology

Petrol Diesel LPG
Fuel consumed 47 714 355 16 670 127 369 098
Fuel supplied 16 165 316 16 670 127 68 300 260
Difference 195.17% 0.00% -99.46%

Using this methodology and assumptions about tfavetansboundarpassenger tripghe
detail on transpoghown in Table 6%as used as input for the LEAP maodel

Table 61: Scope 3 methodology transport model inputs

Locally refuelled Passenger-km % share MJ/passenger-km

Passenger 3 545 848 893

Transboundary 1554 368 213

Public 1139313521

Bus 16 848 000 1.5% 0.179
Minibus D 349984 721 30.7% 0.269
Minibus P 725 306 400 63.7% 0.289
Taxi D 15331779 1.3% 1.146
Taxi P 23 955 904 2.1% 1.284
Taxi LPG 7886 717 0.7% 0.389
Private 415 054 692

CarD 39 746 581 9.6% 1.909
Car P 375308 111 90.4% 2.140
Local 1991 480 681

Public 1 960 096 320

Bus 10 108 800 0.5% 0.179
Minibus D 559 522 080 28.5% 0.269
Minibus P 1 305 551 520 66.6% 0.289
Taxi P 43 120 627 2.2% 1.284
Taxi D 27 597 201 1.4% 1.146
Taxi LPG 14 196 091 0.7% 0.389
Private 31 384 361

Car D 2649772 8.4% 1.909
Car P 25020 541 79.7% 2.140
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Motorbike 3714048 11.8% 0.562
Corridor 39139121
Public 39139121
Mini bus D 39139121 100.0% 0.269
Mini Bus P - 0.0%

Freight tonne-km % share MJ/tonne-km
Total 108 454 252
Local 1 086 000
Trike 36 000 6.4% 14.426
LCV 1 050 000 93.6% 12.888
Corridor 107 368 252
MCV 8 100 000 7.5% 3.13
HCV 99 268 252 92.5% 1.79

9. Predi cti ng Btuhse nMestsuu al:

This section outlines the Dbasic assumptions
scenario for ASEM that will be the baseliagainst whictio measure interventions/scenarios.

9.1 Mai n Drainderassumptions

With accounting multsectorialmodels sch as this one, population and economygamerally
assumed to bihe main elements which drive the overall activity (and hence energy consumption)
of the municipality.

GDP and economy

Figure 10shows national annual GDP growth ratdhough thecountry has sustained high
national growth rates for the last 15 yeassa wholgthe last couple of years have seen much
lower growth rates as the country has experienced energy shortages, currency depreciation and
ri sing inflati on .thh&Haagelabéen drigen byrihe services gectar,which
accounts for approximately half of the national economy, followed by industry and agriculture
sectordGhana Statistical Services, 2014)

Annual percentage GDP growth
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Figure 10: Ghana GDP growth rates
(www.databank.worldbank.org)

The economy of Ghana grew between 4% and 9.6% annually between 2009 aifdi2(=ated
value activities are excludexs showrin Table 62.
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Table 62: Recent economic growth rates for Ghana
(Ghana Statistical services 2014a)

2009 2010 2011 2012 2013
GDP at cuent market priceg%) 21.3 25.8 29.9 25.3 24.7
GDP at constant 2006 pric€%) 4 8 15 8.8 7.1
Non-oil GDP at constant 2006 prices (%) 4 7.7 9.6 8.1 6.5

Ghanahas achieved relatively high economic growth rate (even when excluding oil). The
averagenonoil GDP growth rate between 2009 and 2013 for Ghaaa7.2%.

It is assumed thasince ASEM ism close proximity to Accra, whichisma j or centre f or
economy, thathe local economy of ASEM would closetyack that of the countryThe

6Tr adi ngEc on owhickc sobpilesv endng indicators and statistics for countries
estimateghat the growth trend for Ghana will likely remain relatively high through to 2020
around6.6% year on year on averag€he following assumptions were made for thignario
regardingeconomic growth:

1 Up to 2020,the economy will grow at n&inal ratesof 7.2% on averageé this is the
average of nowil GDP over the last 5 years.

1 From 2020to 2030,thee c o0 n 0o my owéi Islo mé ablb% yeardnyear growth
rateon average.

Population
The population growth rasssumed till 203& 3% per annurm this is from commuication with
the SAMSET Ghandeam.

Fuel prices
The prices of liquid fuels in ASEMvere obtained by the SAMSEGhanateam during data
collection(see Table 63).

Table 63: Prices of liquid fuels in ASEM (GHCllitre)

2012 2013
Diesel 2 2.44
Petrol 2 2.56
LPG 2.57 2.72

It is assumed that the pricespdtrol, diegl and LPG will follow the trend of international crude
oil prices. The projection of crude oil prices by the World Bank is givdrable 64.

Table 64: The expected cost of crude oil, as projected by the World Bank to 2025

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2025 | 2030*

Real 2010 USD 98.1 90.9 54.4 56.8 58.2 59.7 61.2 62.7 70.8 75.8
* The 2030 value is interpolated based on world economic outlook and the 2025 World Bank figure.

The cost otharcoabs repaed by the SAMSET survey was B8.6HC per kg in 2018see Table
65).

7 Website was accessed r#015 and projections were based on the data for Ghana at that time. See
http://www.tradingeconomics.com/ghana/egimwth-annualfor more information on GDP forecasts.
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Table 65: Price of charcoal GHC per kg in ASEM

2011 2012 2013
Charcoal 0.43 0.44 0.53

Assuming an exchange rate281 Cedi to a USD in 2013, the fuel prisd®wn in Table 6&re
assumedn the ASEM model

Table 66: fuel prices in ASEM in 2013 USD

Fuel 2013
Petrol 1.11 litres
Diesel 1.06 litres
LPG 1.18 kg
Charcoal 0.23 kg

Electricity costs are adapted from the public utilities regulatory commission notice on electricity
tariffs changes for 2013ee Table 67These prices were mapped to households and non
residential customers in A8Eusing the existing tariffs in Table 68.

Table 67: Electricity prices approved by the Ghana Public Utilities Regulatory Commission in 2013

Approved Residential End User Electricity Tariff Effective October 01, 2013

Residential Existing Tariff Approved Tariff Percentage
Customer Class (GHp / kWh) (GHp / kWh) Increase
0-50 9.5000 15.6750 65.0%
51-150 17.5785 31.4479 78.9%
151-300 17.5785 31.4479 78.9%
301-600 22.8135 40.8134 78.9%
601+ 25.3483 45.3481 78.9%

Note: GHp are Ghanain Pesewas (100 Pesewas equals one Cedi).

Table 68: Electricity prices for ASEM in 2013 and 2014

usb USD new

Grouping GHp Existing approved
ASEM users: kWh 2013 2013 2014
HH3 0-150 13.54 0.06 0.11
HH2 151-300 20.19 0.09 0.16
HH1 Avg. 301-600 and 601+ 24.08 0.10 0.19
IND Avg. 3011 600 and 600+ 36.76 0.16 0.29
Commercial formal 601+ 42.43 0.18 0.33
Commercial informal 0-300 25.27 0.11 0.20

It is assumed the electricity price will remain constanesl termsrom 2015 onwards &. no
changeafter adjusting fomflation).

The summary of the key drivers in this mgdetonomic growth and population growtre
presentedn Table69.

Table 69: BAU key drivers assumptions summary

Key parameter Assumption in BAU
GDP growth rate 7.2%pa until 2020, then 6.5% pa until 2030
Population growth rate 3% pa assumed to remain constant to 2030
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92 Commer ci al sector

It is assumed that the formal part of the commercial sector growth follows that of the national
growth trajectories for Ghana, with alasticity of 0.9. The informal commercial sector, however,
which makes up a significant part of the econpimyassumed to follow population growth rates

since by naturét is driven largelyby the formal econompeingunable to create new jolis
pushingpeople into the informal secto®§eBoateng and Ampratwum, 201This inherently

comes with the assumption that there is no change in the rate at which the formal sector assimilates
the informal sector or, rather there is no change in the economicisture of ASEM.

93 Transport

Freight

Freight transport projections are assumed to follow the output from industry within ASEM.
broadly assumed that the overall truck usage within the municipality is linked to the activity of
those sectors which areom likely to use freight transport.

Corridor
The freight component of the corridor is assumed to follow the growth rates of GDP since it is a
reflection of economic activitynot just of ASEM but nationally.

The passenger component of transport is assuméollow thatof the GDP per gaita growth
rates.

Passengetransport Tracking future passengekm demand:

Simulation transport models have generally employed a simple tracking of GDP per capita to
estimate future passengan demangas this followghe general wealth of citizens which would

lead to higher mobility demand. However, a simple GDP over population formulation would
mean that a scenariwhere population growthoutstrips economic growtkvould result in a
decrease in transport demartherefore we derived an alterniae formulation of the GDP per
capita driver for passenger transport demiawote which keeps the GDP per capita (or general
wealth of the populace) as the key component to transport demand bubdabsew for a net

drop in transport demand with increased population (something which would not be observed in
reality). This is outlined below

Private passenger demand is directly proportional to motorisation (vehicles per thousand people),
and motorisation is proportional to GIper capitdand can be written as some linear function of
GDP per capita:

b 0— (16)

wherek is a constant to calibrate the base year values (in the year 2011 of the model).
The number of cars (private 4 wheel cars) is then:

wal 0 NéENo6aw i a7)
Again this is calibrated to the lmgear value forAwutu Senya(this is 29 418vehicles of the
activefour-wheel private vehicles)
Then the population that is motorised (privately) is:

GRERD OOO TOB®I | (18

whereoccupancys the assumed base year value ofpeéple per vehicle.

8 This relationship is typically represented using a Weibull or Gompertz relation which is & logt-shaped 6 S
curvebo; however, without reliable registration data on
parameters for a distribution empirically derived. With this in consideration, a linear relation is deemed sufficient
until beter information is available.
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And thus

01 "QUIR0ERAQ QG O WOOO6 N Od & IWQA QO i (19
where Avg Mileageis the weighted average ofwheel private vehicles (private cars and the
LCV6 assumptions) from the analysis in the transport section of this report.
The population of nojprivate car motorisation is then:

06600£&nN0daddnEs (20
Then the passengi&m demand for public transport is assumed to be linearly linked to the non
private car populace:

N OBREN 60 O& DO 6 6 0 (21
wherex is used to calibrate to the base year values in the transport model.

With this formulation therefore the demand for private transport is driven by population and
income growth while the demand for public transport is drivethe growth in the population
without access to a car.

BRT is planned to be implemented in Accra by the end of 2015, with dely buses starting in
the initial phase fronthe Amasaman and Achimota areas as part of a trial plsaseFigure 11)
The BRT system will be extended in tinimsed on the success of the initial phésenclude
Kosoa (Awutu Senya) and Adenfghis secorl phase of the BRT which may operate within
ASEM, will likely be a few years after the initial phaserovidedthatproves successful.

Figure 11: Map of Pilot BRT in Accra
(Okoye et al., 2010)

Thetransport land use researstidyfor the BRT projec{Okoye et al. 2010) expected that most
of the uses of the BRT system woulthigrate fromt r ot r o $es. Thisiis dsslmed to be the
case in this scenario, and that once BRT comes into effect within and a&8&EM that most
pasengers on the BR3ystemwill come from buses anmotro users.

In summary the transport sector is represented as follows in the BAU scenario:

1 The demand for private transport passe#geris driven by population and income
(GDP/capita) growth while thdemand for public transport passenfgar is driven the
growth in the population without access to a €aivate transportation light vehicles
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