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1. I ntroducti on

This is the technical documentation for the development, data, and methodology of the Ga East
Municipality (GEM) energy systems model which forms part of the Suppo&iuig Saharan
African Municipalities with Sustainable Energy Transitions (SAMSET) project.prbject isa
collaborationbetween theJniversities of Ugandartyrs, GhanaCape Town, Durham and
University College London, the neprofit organisation Sustainable Energy Africa and Gamos
Consulting It is cofunded byUK aid from the UK Department for International Development

the Engineering and Physic8kience Research Quil and the Department forEnergy and
Climate Change.

The model is developed on the Long range Energy Alternatives Planning System (LEAP)
platformof the Stockholm Environment Agency (SHLEAP is essentially aaccountingtype
simulation model although lo¢r uses and features have emerged as the product has developed.
The rationale for the selection of LEAP as a tool for the SAMSET project has been documented
in anothemproject outpu(Tait, McCall, & Stone, 20143nd the LEARsoftware tool itself is well
documented by SEh(tp://www.energycommunity.ojgFor the SAMSET projecLEAP is used

to create a bottorap datadriven picture oflGa E a&rergydsgstem on the supply and datha

side, projecting a reference case into the future. Scenarios are then developed which project how
municipal driven interventions may alter the path of this reference case, reducing energy
consumption and mitigating G@missions.

The dataset for the mad was collected by the University Ghanaby means of surveys and
stakeholder workshops witGEM officials and local expertand is documented in another
SAMSET output, the Ga East State of Energy Reg(@anvakyillenuo &Agbelie, 2014) In certain

instarces this dataset was augmented by data from the literature and online sources. The scope of
energy systems models, even of a boundedicipal area, covers a very broad range of activities

and so it was also necessary to make assumptions in a few ingl@wesed 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:

transpaot;

municipal services;

households/residential;

industry;

commercial; and

agriaulture

of supply sector s utypicalybuttndt exclusivety as falloiws:a nsf or m
transmission and distribution;

electricity production;

oil refining; and

charcoal prduction

—a_—a_a_a0 _a_a_a_a_a_a

In order to build a model, data must be collected fordégmmandside sectors that captures the
levels of output and energy intensity of producing that outpteégorisedy technology and/or
energy carrier for each of the typical\diees required in that sector, for instance lighting, heating,
passenger transport or production of steel. An example is given in the figure below
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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.

l'tds i mportant t o under sheainmgdorinstargenaylbe/supplidat an e
by many technologies which may use different energy carriers (fuels) such as coal, diesel or
electricity. A combination of a technology and energy carrier will have distinct energy efficiency

and emissions which has important implications for sustaibabfin important feature of a

useful energy systems model is therefore, tivlatle 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 tther technologies 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 geneuahot overly mathematically
formal way belowf or t he sake of communicating across d
will assume that a technology may be either a different means of doing the same thing for example
travelling by bus or by car but alssing a different energy carrier / fuel for example travelling

using a petrol fuelled car or electric car.

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

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

Where
Es=a (g X hi X Os) Equation 1

ENERGY RESEARCH CENTRE
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if:
Es =the energy consumed by a deevin a given year
gi = share of service supplied by tectogy i

hi = The energy intensity (equivalent to efficiency}exhnologyl in units of energyequired 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, fmitsxample passenger km
of passenger transport, tons of steel or GJ of heating

This simple structure offersonsiderable 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 outpydta@d the impact on emissions and energy consumptio

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 is readily projected in LEAP which prow@espreadshedike formula builder for
generating time series of parameters such that an outptdgr@nstanceresidential heating or

tons of steelcan be linked to a driver such as populatiogross domestic produ¢GDP). GDP

itself can be set up asghobal 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 ofsay 2% per annum for the time horizon of the model. More elaborate
represatations, including step changes and linear interpolation between defined points are
equally possible using the formula buildgiving the modeller considerable flexibility in
implementing the views of stakeholders or other forms of data. An examplis @éxibility is
demonstrated below where the shares of individual technologies is set easily by the user and
LEAP instantly shows the graphic representation of this change.

S HE =T 4o B [© @ A « @ | 4@ # Branchi Demand Households Electrified: Low income\ Water heating...
1) Key Assumptions “ Branch: All Branches = | Variable: Activity Level ~ | Scenario: BAU:BAU  ~
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5 Agriculture Activity Level | Final Energy Intensity | Demand Cost | All Variables
£ Households Activity Level: A measure of the social or econemic activity for which energy is consumed. [Default="0"] @
(=) Electrified 2011
£ Low income Branch Value BxBTESsiOn Scale Units Per
{5 Lighting Households 178 001.00 (Key'\Population[People])/(Key\pp! per HHper HH]) Household
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&5 Wood stove Water heating 100.00 100 Percent  Saturation of Houscholds
5 Coal stove P Electricity 83.39 Interp(2030,60) Percent  Share of Households
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&3 Electrical devices °
20
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5 Lighting
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&) Electric stove 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029
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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 framework anifithe costs of technologies are kngwie impact omet

present vale of supplying that service can be quickly assessed. The disadvantage of this
simplistic representation thatthe share of a technology may be changed faster than is practical

in the real world given the technical life and age distribution of exitingcee. LEAP does allow

for devices to be vintaged and technical change to be managed by a stogluoidde is much
moredataintensive and not suitable for most cases where sectors have been represented in the
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SAMSET projectgiven the scope of the siays Some attention needs to be paiebrefore to
keeping rates of change within a conservatively realistic window.

For a bottorrup model to be reliable, the assumed activity levels and energy intensities used in
services need to be calibrated so that total energy consumed 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 and petroleum 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 f@a Easall fuels sold within the municipalifywith theexception of
transportfuelsar e assumed to be consumed within the bol
emissions levelsThe representation of transport in a spatially bounded scope such as a
municipality is inherently problematiGiven commuting ehaviour to Accra and traffic passing

through it is reasonable to assume thatignificant portion of petrol and dieseatls sold within

Ga Eastransits the boundamnyhile fuel from elsewhere enters the municipality dalty this

framework weattemp to represent intraoundary trips, inteboundary trips either generated in

or attracted to Ga East and corridor trips, of which Ga East is neither the origin nor destination

but which refueltheree EAP6s tree structur e cardthesewshodeshe user
in reporting results depending on the scope of interest.

The LEAP model was created to represent all major sect@a &asts abottomup simulation
model, and this was calibrated with known fuel sales (mainly liquid fuels andatgrivithin

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

2. Genebatkground

Data collectiorwasprimarily based on surveys and interviews undertaken by the University of
Ghanaas part of the SAMSET project. This included the following:

surveysof 590 households310 commercial businesses aBf industrial businesses in
the municipal area

focusgroups

interviewswith municipal staff and

municipal records

=A =4 =4 =

Much of the detaibf these surveyss presented in the State of Energy report by the Ghanaian
team members of the SAMSET projéctee Bawakyillenuo and Agbelie (2014).

TheBaseyear for thismodel is 2013%ince the survey was carried out in 2013

Ga East is located iime Greater Accra region, and is an outlypeayt of Accra.

21 Househol desp wlnat ipon

Thehouseholgopulation of Ga East in 20ivas estimatedhrough the2010national censut®
be33 94%ouseholdsand75% of househds wereelectrified(Bawakyillenuo & Agbelie, 2014)
Household classifications are based on standard Ghanaiandantlassifications, which are
based on degree of access to service delivery and other factors

1 See Bawakyillenuo et. §2014) for more details dmousehold classification.

ENERGY RESEARCH CENTRE
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Table 1: Household estimate, 2010

Household classification Number Percentage
Household 1 28 743 85
Household 2 1870 5
Household 3 3 336 9

Total 33949 100

The population of Ga East was estimated to be7427in 2010 according to the Ghana National
Statistics(Ghana Statistical Servic2014). Extrapolatingthis estimatdo 2013 with an annual
3% growth rategquates to 16441 people living in 3D96 households (assumimgusehold
density does not change).

22 Economy

Thegross value ated (GVA)it h e 6 GOGHEMis iffeaed based on the average GDP per
capita for the country. Due to the proximity ®EM to the economic Huof GhanaAccra, this
value ould be an underestimate.

The population for Ghana in 2013 was 26dlion (Ghana Statistical Service, 2012ndthe
national noroil GDP for 2013 was GHC71 627 millighana Statistical Service, 2014a)

Thus, with the population of GEM and the GDP per capita, the inferred GDP for the municipality
would be 437.5 Million GHC in 2013.

3. Munici pal sector

This sectiordescribes the energy consumption of the municipality for its operations and services
including energy consumption of municipal buildings and vehicle fleet.

3.1 Dat a

The SAMSET partnersin Ghapar ovi ded data on the municipality
and hav theenergy is used within the municipal buildingsd for municipal service$uch of

this data is taken from the State of Energy report by Bawakyillenuo and Agbelie (2014). The total
floorspaceof all municipal buildings in 2013 was estimated to be &#60The energy

consumption for the municipality buildings and their vehicle fleptesented in the tables below

Table 2: The GEM own energy consumption by end use for 2013

Ventilation and air- Office
Unit Lighting conditioning Refrigeration | Transport machines
Electricity | kWh 174 468 1239 840 606 216 0 527 316
Diesel Litres 360 600 240 56 250 303
Table 3: The electricity consumption of GEM6 s wat er system
2010 2011 2012 2013
51 667 kWh | 51 667 kWh 23 333 kWh 12 963 kWh

Table4: The GEMmuni ci pal itydés dat auseoim20Bwn gener ators

Diesel generator 120 kw 1503 L/year

The municipality hackightvehicles in operation in 2013 consuming abou256L of diesel a
year.

ENERGY RESEARCH CENTRE
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Table 5: Municipality vehicle fleet details and fuel consumption

Vehicle count 8
Average use 520 km/month
km/year 6 240 km
Total diesel 56 250 L/year

The electricity consumption share by end use for the munityipal presented below and
highlightsventilation and akconditioningas the main energy consumer in municipal buildings

Transport
0%

Figure 3: Electricity consumption in municipal buildings

32 Met hodol ogy

Municipal buildings

Using the electricity consumption data and the tibb@ir spacedata the energy intensity values
for each end us®r the municipality is given below

Table 6: GEM building end use energy intensity values for 2013

Lighting VAC Refrigeration Office Machines
kwh/m? 19.7 139.9 68.4 59.5

Transportation
Using the data for the GEM vehicle fleet, the followirhicle km and fuel economy were used
for model input

Table 7: GEM vehicle fleet activity and energy consumption

Total all vehicles 4160 km/month
Annual km 49 920 All vehicles
Fuel consumption 7 031 L/veh per year
Fuel economy: 113 L/100km*

* This fuel efficiency is rather poor, but large garbage trucks are known to
have very poor fuel efficiencyont he or der of 1S&®6s o
www.cert.ucr.edu/events/pems2014/liveagenda/25sandhu.pdf).

ENERGY RESEARCH CENTRE
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4, Household sector

41 Dat a

The data for the household sectoraséd on survey data afstatisticallyrepresentative sample

of householdsundertakenin the municipality. This data wasaugmented by bottomp
calculations of energy consumption based on appliance ratings and consumption patterns from
theliterature.The survey dateollecteddata for householdsas disaggregated three categories
basedn Ghanaian landse classifications. These classificatibase been used adoose proxy

for income, in the absence of any other data. The electrification rate for the municipality was
assumed constant across household categetiésh yieldsa breakdow of six household
categoriesas follows(due to the small sample sizesHdusehol® electrified andHousehold3
electrified these households values were grouped together and the average value is used)

Table 8: Number of households in 2013 survey

Household classification Sample size Total
Households

Household 1 - electrified 390 21534
Household 1 - unelectrified 134 7 209
Household 2 - electrified 25 1401
Household 2 - unelectrified 7 469
Household 3 - electrified 45 2499
Household 3 - unelectrified 13 837
Total 614 33949

The sample survey (adjusted where necessary basgpical appliance ratings and hours ofuse
showsthe following average annual consumption per energy carrier

Table 9: Annual average consumption per household

Wood | Electricity | Kerosene | Charcoal | LPG (kg) | Dry cell batteries
(kg) (kwh) (L) (kg) (no. of singles)
Electrified
Household 1 527 2083 20 265 131 83
Household 2 989* 1374 67 264 97 72
Household 3 989* 1595 9 265 126 97
Unelectrified
Household 1 721 - 37 424 113 146
Household 2 1200 - 6 273 72 6
Household 3 1200 - 6 273 72 117
* Survey data revised for wood consumption

The household survey data for wood consumption varied sigitéficantly, with Household3
Electrified reportedly using almost 370% of the amountldwatsehold? Electrified households
reported using. A degree of information error in surdaia is likely due to issues like memory

bias as well as the fact that people are unlikely to consistently weigh their wood. To resolve this
inconsistency and provide a more reasonable estimate, an average of the two sample estimates
was used for both aagjories of 989 kg per annum.

ENERGY RESEARCH CENTRE
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Table 10: The proportion (%) of the household sample using end-uses (bold)
and energy carriers (italic)

Electrified Unelectrified
Household Household Household Household Household Household

1 2 3 1 2 3
Lighting 100 100 100 76 20 66
Electricity 100 100 100 - - -
Solar 2 8 4 1 0 0
Batteries 41 48 22 75 86 62
Kerosene 1 6 6 1 4 4
Cooking and 100 100 100 100 100 100
water heating
Electricity 50 40 22 - - -
Wood 8 16 13 24 35 35
Charcoal 81 92 100 94 96 96
LPG 82 76 64 40 15 15
Kerosene 3 4 4 2 1 1
Refrigeration 80 80 67 - - -
Electricity 100 100 100 - - -
Entertainment 100 100 100 37 41 41
Electricity 100 100 100 - - -
Dry cell batteries 5 0 4 37 41 4154
Space cooling 86 96 82 - - -
Electricity 100 100 100 - - -
Other energy 80 92 62 - - -
services
Electricity 100 100 100 - - -
Source: Household survey
Note: A household may use more than one energy carrier for an energy service, for instance electricity and wood for
cooking so the sum of household shares for an end-use does not necessarily add up to 100%. In LEAP these are termed
6saturationd shares

The household surveys investigated the extent of ownership and usage of efficient appliances. All
electrified households use CHight bulbs The Ghanaian government instituted a wsdale
National Efficiency Lighting Project in 2006/07 aimed at conserving electittitysponse tan
electricity supplycrises. In 2008, the government legislated against the manufacture and sale of
incandescent lampd.he GhanaiarEnergy Commissioras also instituted minimurenergy
efficiency standarsifor refrigeration appliances as well as a refrigeration rebate scheme whereby
households caawap old inefficient appliances for newer efficient @ndoweveynone of the
households surveyed reported mak.Thegableibelew of t he
indicates that ownership of efficient refrigeration appliances is higher in the figioane
categoryDespite the widespread usage of chatand woogdefficient products have not reached
significant market penetration ratedone of the sampled households recorded using efficient
woodstovesThere was some usagesadficient charcoal stoves, such as th€apa

Table 11: Efficient appliance usage i share of households in the sample

Electrified Unelectrified
Household 1 | Household 2 | Household 3 | Household 1 | Household 2 | Household 3
CFL light bulbs 100% 100% 100% - - -
Refrigeration 30% 9% 9% - - -
Charcoal stoves 4% 9% 8% 9% 0% 0%
Wood stoves 0% 0% 0% 0% 0% 0%

ENERGY RESEARCH CENTRE
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42 Met hodol ogy

The onsumption profile®f householdin terms of appliance ownership atie total amount of
final energyof energy carriersonsumedy households fathe various income groupse based
onthe survey data collectdsy the University of Ghandescribed abovelhe energy intensities
of endusesinput to the modelvere estimatethased orthe typical observedenergy profiles of
householdsn the sampleassumingypical appliance ratings and hsuof usage. These were
furtheradjusted where necessary to calibrate against the total energy consumptaseatfolds
in thesampleas shown in Table 9 abave

Total consumption for each fuel by energy service is calculated as:
Number of households isub-category(e.g. HouseholdL electrified) X
Percentage of households that use energy ser¢i@sed on survey data) X

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

Energy intensityper energy servicdbased on bottom up calculations of appliance
ratings and hours of usage, and calibrated to meet total sample consumption estimate
from survey datp Equation 2

Table 12: Electricity consumption estimates fo rHodsehold1 el ectri fi ed®d

Energy service Share of Share of Average daily | Days per Average Total
households | households | consumption | year used household consumption
using using (kwh) energy estimate for
energy electricity intensity population
service for energy KWh/yr (annual kwh)
service
Cooking and 100% 50% 1.512 320 484 5182 752
water heating
Lighting 100% 100% 0.432 365 158 3 395 456
Fridge 80% 100% 2.835 365 1035 17 883 282
Entertainment 100% 100% 0.516 320 165 3555668
Space cooling 86% 100% 1.210 350 424 7833488
Other 80% 100% 1.148 350 402 6 921 839
Total 44 772 485

Tablel1l3:El ectricity consumpHousehnld2se¢li enat eisf f @d o6 6

Energy service Share of Share of Average daily | Days per Average Total
households | households | consumption | year used household consumption
using using energy estimate for
energy electricity intensity population
service for energy KWh/yr (annual kWh)
service
Cooking and 100% 40% 1.416 320 453 253924
water heating
Lighting 100% 100% 0.432 365 158 220 906
Fridge 80% 100% 2.100 365 767 859 079
Entertainment 100% 100% 0.387 320 124 173 497
Space cooling 96% 100% 0.615 350 215 289 498
Other 92% 100% 0.628 350 220 283 300
Total 2 080 205

ENERGY RESEARCH CENTRE
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Tablel4:El ectricity

consumpHousehnld@ se¢ li enat eisf f @ed 0 6

Energy service Share of Share of Average daily | Days per Average Total
households | households | consumption | year used household consumption
using using energy estimate for
energy electricity intensity population
service for energy KWhiyr (annual kwh)
service
Cooking and 100% 22% 2.162 320 692 384 245
water heating
Lighting 100% 100% 0.432 365 158 394 087
Fridge 67% 100% 2.100 365 767 1277134
Entertainment 100% 100% 0.486 320 156 388 689
Space cooling 82% 100% 0.615 350 215 442 332
Other 62% 100% 1518 350 531 826 230
Total 3712716
Table 15: Household wood consumption estimates
Household Share of Appliance type Percentage Average Total estimated
category households that use estimated annual | consumption for
using wood for appliance consumption population (kg)
cooking type (kg/household )
Electrified
Household 1 8% 907 867
Efficient stove 0% -
Inefficient stove 100% 527 907 867
Household 2 16% 221 691
Efficient stove 0% -
Inefficient stove 100% 989 221 691
Household 3 13% 321 333
Efficient stove 0% -
Inefficient stove 100% 989 321 333
Unelectrified
Household 1 24% 1247 472
Efficient stove 0% -
Inefficient stove 100% 721 1247 472
Household 2 35% 196 990
Efficient stove 0% -
Inefficient stove 100% 1200 196 990
Household 3 35% 351421
Efficient stove 0% -
Inefficient stove 100% 1200 351421

ENERGY RESEARCH CENTRE
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Table 16: Charcoal consumption estimates

Household Households Appliance type Percentage Average esti- Total estimated
category that use that use mated annual consumption for all
charcoal for appliance kg/household households
cooking type (Kg)
Electrified
Household 1 81% 4 632 356
Efficient stove 4% 136 94 538
Inefficient stove 96% 271 4537 818
Household 2 92% 340 269
Efficient stove 9% 138.0 15 467
Inefficient stove 91% 276.0 324 803
Household 3 100% 661 250
Efficient stove 8% 138 27 552
Inefficient stove 92% 276 633 698
Unelectrified
Household 1 94% 2 866 945
Efficient stove 9% 222 135 092
Inefficient stove 91% 443 2731854
Household 2 96% 122 921
Efficient stove 0% - -
Inefficient stove 100% 234 122 921
Household 3 96% 219 287
Efficient stove 0% - -
Inefficient stove 100% 325 219 287
Table 17: LPG consumption estimates
Household Households Average Total estimated consumption for
category that use estimated all households
LPG for annual (kg)
cooking kg/household
Electrified
Household 1 82% 131 2307 744
Household 2 76% 97 102 753
Household 3 64% 97 155 436
Unelectrified
Household 1 40% 113 327 188
Household 2 14% 72 4824
Household 3 15% 72 9268

Theaggregategurvey data for household generator usage in GEM is presented alelogwith
the estimate for the entire household pojoratisage of generatoisguations8 and 1Idiscussed

below in Sectior6.2.4were used to convert annual fuel use and generator rating into electricity

generatedassunng an average load factor 0f75. There were 1%ouseholds using generators
in the surveyall in the Householdl categoryof which onewas unrelectrified. Theaggregated
data belowis scaled up to be representative of the populationcantparedo the scaledup
electricity demaneastimate for the entire household population

ENERGY RESEARCH CENTRE
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Table 18: GEM Household (class 1) generator use survey data and estimated population usage

Group Grid status Own Grid electricity Total Share of | Petrol used| Diesel Estimated
generated (kwh) electricity | own gen. (litres) used average
electricity (kwh) elec. (%) (litres) utilisation

(kwWh) (hours/day)
Sample Electrified 28 737 111 807 140 544 20% 10 557 3638 0.5
(with —
gensets) Unelectrified 285 285 100% 221 0.7
Population Electrified 1586 729* | 44 849 577% | 46 436 307 3% 582926 | 200 863
(estimate) | ynelectrified | 15 336 15 336 100% | 11905

* Scaled from genset-owning sample only
# Scaled from entire sample

The data indicate that while not many people own generatoch that they only account for
about 3% of total electricity supptg Householdl household# the samplethosehouseholds

that own them make quite significant use of thparticularly considering that the price of petrol
and diesel is likely to diszirage regular use. This may be indicative of substantial suppressed
demand of the order of 20% or greater.

5. I ndustry

This section describes the industry sector of GEM and the matiehtdich were derived from
the data provided by the SAMSET team and tirgesy conducted.

51 Dat a

Based on the classification of the industries in the sutteyindustry sector is comprised of the
following subsectoras given in the SoE repdBawakyillenuo & Agbelie, 2014 construction
manufacturingand vater andewerageThe survey coducted by the SAMSET teacovered 50

of the approximately O industryentitiesthat were identified in the survey preliminary analysis.
Their electricity consumption and their total productivity in tonnes output are given in in the table
below.

Table 19: Industry data from the survey for GEM in 2013

Output Electricity consumed
Sub-sector
(tonnes) (kwWh)
Construction 524 360* 104 145
Manufacturing 816 089 89 777
Water and sewerage 1938 855 284 444
* From the SoE report it is unclear as to what the output for the construction subsector entails.

Proportionally saling up the construction and manufacturing activities to the full 70 industries of
GEM, the following industrial activity is assumed to represent GEM industry

Table 20: GEM industry activity sample data extrapolated to represent the full sector

Sub-sector Production Electricity
Tonnes output consumed

P KWh
Construction 734 105 145 803
Manufacturing 1142525 125 688
Water & Sewerage 2714 396 284 444
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Presumably the larger local industrial concerns are in the sample and industry consumption per
firm is typically skewed towards a few largensumersso this may overstate total consumption

but, given the large sample sizbis source of error was assumed to be limited.

Table 21: The electricity consumption in industry by end use for GEM 2013 after extrapolation

Sub-sector kWh consumption
Machinery Lighting Cooling systems | Other machine drive Other
Construction 98 966 37 849 5037 4145 2024
Manufacturing 64 690 37 642 13 852 4518 749
Water and sewerage 309 524 110 098 1008 465 0

As shown below, the majority of energy consumed in the industry sector is in machinery and in
lighting.

100%
90%
80%
70%
60%
50% m Other
‘318?2‘; m Other machine drive
%82//0 Cooling systems
0
0% m Lighting
m Machinery

Figure 4: The end use shares of electricity consumption industry for GEM, 2013

The consumption of liquid fuels in industrg @ndicated by the survey and extrapolated to
represent the full population simeestimated to be as follows

Table 22: The consumption of diesel in various end uses for industry in GEM, 2013

Sub-sector Diesel (litres) Petrol (litres)
Machinery* Machinery Other machine drive Other
Construction 34 499 840 84
Manufacturing - 1428 13415
Water and sewerage 123 618 - -
* Typically this would include machinery like bulldozers and earth movers.

The data for diesel and petrol generators used in GiENhe year2013 is given belowafter
extrapolating to represent the whole indusegtor

Table 23: Industry diesel and petrol generators sample data scaled to full sector for GEM 2013

Sub-sector Litres consumed kWh output InSta”((elfv\(;;‘ pacity Capacity factor
Diesel Petrol Diesel Petrol Diesel Petrol Diesel Petrol
Manufacturing 758 3271 2374 6 958 2 57 12.9% 1.6%
Construction 33600 1210 105 263 2 486 21 19 57.2% 1.5%
Water and sewerage 128383 0 402 203 0 162 0 28.2%
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The prevalence of generator ownership and the share of electricity consumed by generator owners
in the sample is shown below

Table 24: Rates of generator ownership and use for GEM, 2013

Sub-sector Share of sample Electricity share of own
operating generators | generation of generator owners
Manufacturing 38% 21%
Construction 11% 93%
Water and sewerage 71% 86%

52 Met hodol ogy

Using the data provided by the survey and afx#rapolating to represent the full industrial sector
of GEM, the energy intensities for each end use in industry was calc(Tatgleé 25). This was
done for liquid fuel consumption as well (Table 26).

Table 25: Final energy intensities of electricity use in industry for GEM 2013 (kWh/tonne)

Process Cooling Other
Machinery | heating Lighting systems machine drive Other
Construction 0.1348 - 0.0516 | 0.0069 0.0056 0.0028
Manufacturing 0.0566 - 0.0329 | 0.0121 0.0040 0.0007
Water and sewerage 0.1140 - 0.0406 | 0.0004 0.0002 -

Table 26: Liquid fuel energy intensities for industry in GEM 2013 (L/tonne)

Diesel Petrol
Machinery Machinery Process heating Other machine drive Other
0.0470 0.0011 - - 0.0001
0.0012 - - 0.0117
0.0455 - -
I't is most | ikely that t heartdmoerg eduipneat arothempt i on |

industry=specificspecialvehicles orstandalone internal combusticanginesbut this should be
more clearly defined in future iterations of the model to avoid confusion with diesk=d
generators

Thefollowing end usesvere implemented into the LEAP model with their associated electricity
kWh/tonne and liquid fuel L/tonne intensities as tabulated above

1 lighting;

9 cooling;

1 machinery;

1 other machine drive; and

M1 other.

Future energy demand for energy could therefore beqieal by projecting tons of production.
Scenarios of energy efficiency can be implemented by assuming reductions in the currently
observed energy intensities based on the relative efficiencies of hew technologies.

6. Commer ci al sector

This section describes the representation of commercial activities in iB&ging formal and
informal businesses.
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6.1 Dat a

The University of Ghanaurveys collected data on energy carriers useduses, and own
generation with petrol and diesel genersttre floorspaceof premises and theosts of energy
consumption. A total of 313 businesses were surveyed, including 61 formal businesses and 252
informal businesses. It is thought that this constitutes the whole of the commercial sector for GEM
(from communications during SAMSET network meetings). The types of businesses classified as
commercial (based on University of Ghana classifications include the following:

Formal:
1 hotels and guest houses;
M schools;
1 nonbanks financial services;
1 hospitals;
1 banks.
Informal:
aluminium fabricator;
carpentry/welding shops;
cold store;
corn mill;
drinking bar, restaurant, catering services;
electronic repair shops;
fitting/mechanic;
laundry;
other;
petty trading;
retail;
tailoring/seamigess

= =4 =8 =8 =8 8888989

Energy consumption is driven by floorspace in the model. The total floorspace of the wample
dominated by the formal sector as shown below even though these only accounted for about 20%
of the premises surveyed.

Table 27: Floorspace of sample

Number of businesses Floor space of
sampled sample (m?)
Formal 61 94,285
Informal 252 14,966
Total 313 109,251

Schoolsand to a lesser degrbetels and guest heas however account for a disproportionate
share of floorspacarea in thdormal subsector and the sample as a whakshown belowlhe
informal subsector shows a more even spread of &seactivity. This raises a few issues as
regards the use of the data as follows:

1 The entire commercial sector was sampkedthe energy baseline of the sample was not
scaled up and therefore a risk of the contribution of schools becomaregdisproportionate
was not incurred.

1 The methodologgf determining floorspace area and the need for clear metadata in this regard
for this data set is discussed in thata isses section. While possible inconsistencies here
may mean the average energy intensity per unit area is relatively very low, the model itself
which projects area geometrically into the futusestill internally cosistent. The area of
moreenergyintensive suksectors like banks, for example, still gmat the assumed growth
rate independently, thus growing their absolute energy demand at the assumed rate. The data
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set, particularly when averaged, shquidwever be compared to other data and to energy
efficiency benchmarks with great caution.

Hospitals __Banks
3% ' 6% Hotels &
Non-Banks Guest
Financial —___Houses
Services 24%
2%

Schools
65%

Figure 5: Share of formal commercial floorspace by activity type

~ Aluminium
fabricator
%

Tailoring /Seamstress

Retail 5%
9% I

~Carpentry/Welding

Petty Trading _ Shops
2% 31%
Other
11%
Laund
oo ry _Cold Store
6 0%
——__ Corn mill

Fitting/Mechanic

18% 0%

Drinking Bar,

Electronic repair "% Restaurant,
shops Catering Services
1% 22%

Figure 6: Share of informal commercial floorspace by activity type

The survey data shows the following estimated consumption of fuel by energy services for formal
and informal sectors.

Table 28: Formal sector: Survey results of annual consumption by fuel and end-use for sample

HVAC Cooking/ | Lighting | Refrig- | Machine Entertain- | Other Total

water eration | operation ment

heating
Electricity (kwh) | 259 245 32172 | 360554 | 51565 | 196 091 61 855 6869 | 968 352
LPG (kg) - 8 904 - - - - 214 9117
Charcoal (kg) - 13 050 - - - - - 13 050
Wood (kg) - 1250 - - - - - 1250
Kerosene (L) - 1 - - - - - 1
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Table 29: Informal sector - Survey results of annual consumption by fuel and end-use for sample

HVAC Cooking/ | Lighting | Refrig- Machine Entertain- Other Total

water eration | operation ment

heating
Electricity (kwh) 33779 11 422 108 248 | 38 197 177 685 53 463 6 903 429 697
LPG (kg) - 7532 - - 229 - 360 8121
Charcoal (kg) - 18 648 - - - - 88 18 736
Wood (kg) - 18 300 - - - - - 18 300
Kerosene (L) - 7 - - - - 2 9

The survey also includeiquestionnaire oown-generator usealthough it is thought that the 61

formal businesses constitutes the entire formal sector most of them have gensets (83tal of

while the informal sector has just 47 (out of 252 informal businesses). Thissdatalated

below:.

Table 30: Generator survey sample data for commercial sector of GEM

Electricity

Com Capacity | Litres | generated | Capacity Sample
subsector (kW) used (kwWh) factor count

Petrol Formal 161 18 282 37 827 2.7% 16

Informal 141 24 483 44 002 3.6% 46

Diesel Formal 498 49 726 155 782 3.6% 23

Informal 25 234 734 0.3% 1

6.2 Met hodol ogy

6.2.1

The consumption of energy for a fuel =

The floor area occupied by sigector kX

The share of floor area of businessesa sub/sector that need an energy service like

Estimating energy intensities by end-use and fuel

heating of the floor area of all business in a sub/sextor

The share of floor area of busses that use this fuel/tectogy for this energy service
of the floor area of businesses that use this enargyce X

The energy intensity (GJ/m2; kg charcoal/m2; litres diesel/m2 etc..) of this energy service
for these businesses using this fuel / technology (we calibrate this from an initial estimate)

Equation 3
6.2.2 Formal sector calculations
Table 31 shows theelevant results of theurvey
Table 31: Percentage of floorspace with end-uses
% of total floor HVAC Cooking/ Lighting Refriger- Machine | Entertain- Other
space with water ation operation ment
end uses heating
Formal 98% 62% 99% 56% 87% 65% 19%
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Table 32: Total floorspace of fuel used for end-use/total floorspace with end-use
HVAC | Cooking/ water Lighting Refriger- Machine Entertain- Other
heating ation operation ment
Electricity 99% 53% 99% 99% 98% 98% 100%
LPG - 69% - - - - 4%
Charcoal - 45% - - - - -
Wood - 7% - - - - -
Kerosene - 1% - - - - -
Calibrated:
Table 33: Formal sector: Average annual energy intensity by fuel and end-use
HVAC | Cooking/ water | Lighting | Refriger- | Machine | Entertain | Other
heating ation operation -ment
Electricity (kWh/m?) 2.83 1.03 3.93 0.99 2.43 1.04 0.38
LPG (kg/m?) 0.22 0.33
Charcoal (kg/m?) 0.50
Wood (kg/m?) 0.31
Kerosene (L/m?) 0.001
6.2.3 Informal sector
Basedomsurvey resul t s, the informal sector ut
with a mix of other uses
Table 34: Percentage of floorspace with end-uses
% of total floor HVAC Cooking/ Lighting Refriger- Machine | Entertain- Other
space with water ation operation ment
end uses heating
Formal 26% 20% 95% 29% 70% 58% 7%
Table 35: Total floorspace of fuel used for end-use/total floorspace with end-use
HVAC | Cooking/ water | Lighting Refriger- Machine Entertain- Other
heating ation operation ment
Electricity 99% 94% 100% 100% 95% 100% 30%
LPG - 61% - - 2% - 1%
Charcoal - 82% - - - - 2%
Wood - 23% - - - - -
Kerosene - 1% - - - - -
Calibrated:
Table 36: Formal sector: Average annual energy intensity by fuel and end-use
HVAC Cooking/ Lighting | Refriger- | Machine Entertain- Other
water ation operation ment
heating
Electricity (kWh/m?) 8.65 411 7.60 8.84 17.89 6.12 21.27
LPG (kg/m?) 4.22 1.22 31.25
Charcoal (kg/m?) 7.72 3.78
Wood (kg/m?) 27.37
Kerosene (L/m?) 0.17 0.69
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6.2.4 Own-generation

The following methodology was followed in cleaning the own generator data and converting the
corrected volumes of fuel consumed to an estimate of kWh genefdtedsa East and Awutu

Senya East survey generator data was processed together and this methodology refers to both
samples andanodels Both monthly ad annual volumes of diesel and petrol consumed were
recorded and the agreement between these was ch€cktedD 742 had a monthly volume that

when scaled up to an annual volyrdeviated by more than 20% from the recorded annual
volume. In this case the monthly and annual fuel costs agreed well so these were assumed a better
indication.The monthly and anral 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 same for most observations but with a
distribution of errors either side of this as shown for petrol below
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Implied Petrol Price (GHC/litre)

Figure 7: Histogram of implied prices obtained by dividing petrol volume data into petrol
expenditure data

A O6correctedd volume of p dotlowws It was assumeli theats e |
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
therespective petrol and diesehgglesotherwise the indicated annual volumes were ubed.
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 djeselrator on site and its capacity
presumed to be in most cases the kVA ratih@.orrected generator capacity was obtained as
follows: The generator capacities were listed in order of magnitude and compared to standard
sizes of generator from online indyscataloguesln the 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 650,000 (ID 302) and 6500 (IDs 304, 305, 310 and 313)
were 6.5 Ka generatord.isted petrol generator sizes of 2700 (ID 423) and 1500 (ID 309) were
assumed to be 2.7 kVA and 1.5 kVA respectively.
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The formal sector haur large petrol generators listed between 64 and 94. These correlated with
guite large volumes andgere therefore assumed to be coridth 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 informal sample average (3 kVA) and formal sample average (11
kVA) respectively.

In the case of diesel generators we would generally elqrgetr capacities (> 10 KVa) although
smaller machines are commercially availalisactly half the diesel generator sample had
capacities between 10 and 90 kVA and 42% of the samplendécated as being small machines

(1.21 10 kVA). In cases where tlennual volume consumed was less than 1000 litres these were
left unchanged but for cases with high annual consumption (IDs 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 either withple¢rolinformal sample average (3 kVA), petfotmal
sample average (11 kVA) diesel total sample average (25 kVA)

The correatd capacities and volumes were then converted into kWh of electricity produced by
assuming a fixed linear relationship between volumetric consumption and electrical output from
a brief survey bonline industrialsources as follows:

FCr=0.398 R+ 0.566 Equation4?

FCob=0.3192 B Equation 8

Ep= Vp/ (FCH/Rp) Equation 6

Ep = Vb / (FCo/Rp) Equation 7
Where:

FC = Volumetricconsumptior(litres/hour)

R = Generatorating (kW)

V = Annualfuel corsumed

E = Annualelectrical energy practed (kWh)
P denotes petrol and D denotes diesel

By combining Equations 5 and 7 we can deaw®nstant thermal efficiency assumption of 31.4%
for diesel machined.he more partial the load on a generator relative to its ratedtteathwer

its thermal efficiencyThereis, however no way of knowing from the sample data what average
load the generators are being rainWhile relatively high this assumed efficiency for diesel
machiness more conservative than some other souaceswas thus assumed reasonable given
other sources of errofor petrol machineshe intercept in Equation 4 results in a diminishing
efficiency as the capacity of petrol machines drops whitiie true in reality for both petrol and
diesel machiness poorly captured by this model for very small machjrmesfurther reflection.

For the samplehowever the error is limited by the low volume consumed by small machines
such that the weighted average thermal efficiency assumed is 21%. For future wnk thdr o r 6 s
propose the following equatishbased on a more rigorous analysis of fuel consumption published
by various manufacturers (see Appendix A)

For petrokuelled generators of capacity < 20 kVA whereoad Factor has beassumed:

dr = 1.03X10? Loadfactor+ 4.04X10° Re + 6.18X10?2 Equation 8

FCo= Re/ (CVp XOp) Equation 9
For petroluelled generators of capacity > 20 kVA or whdoad faabr is not assumed:

FCr = 5.33X10! Rp + 5.00X10? Equation 10

2 Linear regression by authors of online data for various manufacturers.
3 http://www.hardydiesel.com/generatiuel-consumptiorcalculator.html
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For dieseffuelledgenerators of all capacities whertad factor has been assumed:
Jo = 1.26E01* Loadfactor+ 5.13E04* Rp+ 1.69E01 Equation 11

FCo= Ro/ (CVb XUp) Equation 12
Where:

FC = Volumetricconsumptior(litres/hour)
R = Generatocating(kW)
P denotes petrol and D denotes diesel

d_ denotes the thermal efficiency of the generator

Loadfactoris the ratio of average load to rated load in operation and is between 25% and 100%
CV denotes the calorific value of the fuel assumed to be 8.94 kWh/litrpetool and9.93
kWhllitre for dieselin this study

For this iteration of the modethe data processed by the first method was assumed to be a
satisfactory estimatgiven other sources of err@y assuming a fuel consumption rate for each
generator irthe sample we can estimate the average time of use of the generators per day which
is distributed ashown in Figure 8.
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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

On average, formal businesses use generators for 1.2 hours a day and informal businesses 0.85
hours per day.

A summary of the data obtained from the survey for own generator use is presented below

Table 37: Commercial sector own-generator data summary

Electricity Share of
Total Litres generated Capacity Sample commercial
sector kW used (kwh) factor count sector
Petrol Formal 161 18 282 37 827 2.7% 16 26.2%
Informal 141 24 483 44 002 3.6% 46 18.3%
Diesel Formal 498 49 726 155 782 3.6% 23 37.7%
Informal 25 234 734 0.3% 1 0.4%
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/. Transport sector

This section describes the data and methodologies used for representing the transportation energy
demand in GEMand projecting it into the futurdn this methodology, transport is split into
passenger and freight demands, each wgtbwn driver (of demand).

7.1 Dat a

The data for the transport sector of GEdmes largely from the State of Energy report by
Bawakyillenuo and Agbelie (2014)fhe datafor this was obtained from théocus group
disaussiors with fuel service stakeholde@nd representativefsom the municipality and the
municipal assemblyhat were part of the SAMSET survey in GEM. While part of the exercise
including the direct surveys dartakenm the residential, commercial and industriatters, the

data collection for the transport model did not derive from direct survey as was the case for other
sectors.

The data obtained from the SAMSHIikta collection processdicated a large population of
vehicles in the municipalityBawakyillenuo & Agbelie, 2014)A total of 23315 vehicles from
trucks to minibuses were estimatedeactivewithin the GEM area from the data obtairiezim
the SAMSET project partnerg/ith a population of 161 44ih 2013, this implies a motorisation
of 144 vehicles/1000 peopleubstantially higher than the apparent national valueenehd the
same as the average for Turkey and Jariathh countries with significantly higher income lesel
(World Bank n.d.) GEM would thertore be aelatively prosperous area as reflectethilevels
of motorisatiorpresented ifTable38.

Table 38: The vehicle count for GEM in 2013

Vehicle type Passenger Freight % share by fuel

Public | Private Petrol Diesel | LPG

Heavy passenger vehicle >12 3 100

Light passenger vehicle <12 18 672 71 29

Mini buses (trotrolikes) 2759 | 120 100

Taxi 1491 43 14 43

Motorbikes 108 12 100

Light trucks 60 100

Medium and heavy trucks 90 100

The total fuel sold in the GEM municipaligasobtained fronthefocus group discugms was as
follows:

Table 39: Fuel data for GEM in 2013 as reported by focus groups

Description Data Unit
Fuel station 32 Count
LPG stations 8 Count
Average volume petrol sold per station 75 000 L/station
Average volume diesel sold per station 87 500 L/station
Average volume LPG sold per station 12 246 370 kg/station

The focus group discussiomicated thademand for fuelsluctuatedin the period 2010 and
2013 with petrol andiesel demand increasing steadily but LPG demand levelling off
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Table 40: Estimated total fuel sold in GEM 2010 - 2013

2010 2011 2012 2013
Diesel (L) 2700000 2700000 2750 000 2800 000
Petrol (L) 2200000 2200000 2 400 000 2400 000
LPG (kg) 83330 133 111 363 640 110931 120 97 970 960

Collating all the datamdiesel, petrol ahLPG use within the other model sectbrsommerce,
residential, industry, and the localunicipality, the following liquid fuel energy balance was
obtained for GEM:

Table 41: The GEM liquid fuel energy balance for 2013 from the data obtained for the
SAMSET project

Diesel (L) Petrol (L) LPG (kg)
Supply From petrol stations in GEM: 2 800 000 2 400 000 97 970 960
Sector Use
Machinery 122 798
Process heating 2268
Industry
Other 13 499
Generators 116 244 3200
) ) Cooking 2 907 455
Residential

Demand Generators 200 079 678 623

Cooking 7 532

. Machine operations 229
Commercial

Other 360

Generators 49 960 42 765

Vehicles 56 250

Local covernment*

Generators 1503
Demand subtotal 546 833 740 356 2915576
Remaining balance to transport model 2 253167 1 659 644 95 055 384
Implied transport use % share of supply 80.4% 69.1% 97.0%
* |t is assumed that the local authority obtains fuel from the petrol stations within the municipality.

The balance indicates that the diesel demand from transport dominates as expected while private
electricity generators account for a substantial share of petrol demand, exceedimg&0¥ect

survey of industrial, residential and commercial LPG usewdsdor only a small fraction of

total demand however this large volume could not be allocated to transport given that the focus
groups reported a relatively low conversion rate of vehicles, mostly sedan taxis, to LPG as shown
in Table38above.

7.2 Met hodol ogy

GEM is located on the boundary of the Accra municipality, and this warelsmably greatly
influencethe characteristics ¢fansportatiomemand from householdsGEM, and thus the fuel
consumed within GEM as well. Due tadiproximity, it is likely that the vehicles which travel
outside the boundary of GEM, and presumably into Accra, would ob&agn#icantportion of
their fuel thereHaving said that, theumber of fuel stations (32) mallerthan,but closeto,
that of Awutu Senya (36) the other municipality studigdhich has a similar sized population.
The reported quantity of fuel sold per stationhiswever substantially lessas is discussed in
more detail below
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The general approach to the LEAP model of Ga feasither sectora/as toemploy a calibrated
supply and demand modelling methodologythe consumption of fuels in the modebs
calibrated so as to sum to the total supply of fuel tartbeicipality. This is a common energy
modelling methodologyand hinges on the premisthat the municipality carusually only
influence planning decisions within the municipality bound&igarly, a bounded area like a
municipality is a generator and atttar of trips in the case of the transport seaodtherefore

the municipalitymay be able to exert policy influence on the mode and other characteristics of
these trips. Against thisin unbounded model of a bounded araanot be calibrated against
suwpply statistics and may be highly uncertain without a great deal of detailed measurements
Furthermore such a model magot be consistent with that of another argiaen overlapping

trips and this can make reconciling models of different spatial scoiffesultlt The Global
Protocol for Communityscale Greenhouse Gas Emission Inventofi@®C Protocol) a
collaborative effort to develop practical methodologieddoalscale GHG emission inventories

has developed a standardised approach to deal wite ihsuegWRI 2014) This protocol
recommends that data and models be organised in different scopes which tackle the spatial
problem in different ways as follows:

Scope 1: Only trips that originate and end within the boundary are included. Upstreararemissi
embedded in energy carriers like petrol diesel and electricity are excluded.

Scope 2; Upstream emissions from electricity supply are added

Scope 3: Transboundary trips originating and ending within the bounded area are included in
Scope3. A few methds may be considered but ideally the method of induced activity is preferred
whereby50% of the total trip length that occurs outside the bounidaagcounted for as shown
below in Figure 9. Trips that pass through the bounded area are exchamiagletely in this
methodologylt is however recognised that in genesalphisticated traffic models for a city are
required to track transboundary trips to this level caitlet

50% of

- trip distance
city boundary A

r | B

scope 1 scope 3 not counted

5 0% of Section

trip distance A

P

scope 1 'not counted
o

Figure 9: Induced activity method for accounting for transboundary trips in GHG Inventories
WRI (2014)

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

1 Fuelsales approachGHG emissions are based only on the fuel sold within the boundary

1 Induced activityapproach GHG emissions from intraboundary trips 50% of trans
boundary trips are estimated from traffic models and surveys

1 Geographic or territorial approactOnl 'y GHG emi ssions from acti v
boundaries is included. Only some European traffic models, usually used for local air
pollutant moded, make these estimates (WRI, 2014)

1 Resident activity approachOnly GHG emissions from activity byitg residents is
included. This requires survey of resident behaviour and vehicle registration records but
is limited by excluding the possibly substantial contribution ofresidents.
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It was decidedgiven the data to hand and because the transboucalaponent of travel was of

interest to stakeholderto follow a hybrid methodology of thieiel sales and induced activity

appioactes Currently the level of detail in the available data is not sufficient for a rigorous
implementation of the induced actiyiapproachso it was important to ground the approach in

the fuel sales approach which was wused to defi
taking the following stipulation of the GPC Protocol into account:

All fuel sales from irboundary fuel dipensaries should be accounted for in scope 1, even
though fuel purchases may be for transboundary trips. Maintaining all fuel sales emissions
in scope 1 also enables more effective nmitii aggregation. However, cities may conduct
surveys or use otherathods to allocate total fuel sales into scope 1 and scope 3 emissions.

For this model, given thebaence of surveys, Scopddlance fuel sales in the area but inclutie
some portion of transboundary trips.

In the case of Ga Eagshere is some activity data from focus groups but no direct measurement
can be confirmedso to completely meet the stipulations of all three scopes of GPC would not be
possible. We can make certain assumptibngiever based on this initial data and fiaermore
assumeas a starting pointhatwork commuting trips are dominated by journeys to Central Accra
of a similar distanceOn review thereforethe following principles were adopted:

1 Unless service stations are not permitted within a municipal #seagquantity of fuel
sold/supplied therein is likely to be broadly indicative of transport actaihgisting ofrips
confined within the municipal area (intraboundary tiigscope 1) anttips both originating
and ending within the boundary of the riaipal area (interboundary trigisScope 2).

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

1 Counter to this, the proximity of a majoretial on which filling stations within the municipal
area have been built for the clear purpose of servicing this traffic, as indicated by large
volumes, implies thanhternal sales of fuel may oweepresent in scope transport activity.

1 It is important tocalibrate energy models where possilsieit was decided talevelop a
framework that allows épartiabcalibration whereby the modeller can adjust the assumed or
observed ratio of fuel fillips within the municipalityelative to thosewithout. While ths
ratio may be conjectural withodirectmeasuremenit has the effect of keeping the total fuel
used by vehicles registered or used for public transport in the municipality within reasonable
bounds. In the case of Ga East, if we assume a large papofttrips 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 fronfotius grops, spatial
considerationand typical norms like vehicle fuetonomies and trip frequencies.

9 If calculated transport energy demand, given reasonable, representative or observed activity
levels for the vehicle population assumed to operate within the municipal bopisdass
than thesupplyside total in the petteum fuels energy balance (s€able 41) then the
remai nder can be assigned to 6 c o,whicghdsor 6 tr af
modelled as a separate demand to transport service demand within the muniGipiality.
to be considered in the case where the municipality is located on a major route such as a
highway and the fuel stations are reasonably proximate to thet soch 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 excluded but it is
included in the model as a demand node to bededwr excluded as required.

i 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 igroposedhowever, that in the case that this is of interest, this
travel demand is also modelled as a separate transport demand in the model and furthermore
that data be collected on the frequency, distance and vehicle occupancy of this type of
commuting to make a reanably representative model possiblénis demand nasl
consisting of transboundatsips, would be equivalent to Scope 3 of the GPC methodology
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discussed above. For form@PGcompliant reporting purposes this demand can be halved

to be consistent witthe 50% transboundary trip requirement given the current simple activity

assumptions of a fixed mileage per vehicle at an assumed representative fuel economy. For
the purpose of assessing the energy system of the municipality in isoletieaver it is
more useful to report the estimated entire trip energy demand arising from thgfocasu p 6 s

assessment of genexadhicle behaviour iIGEM.

For the GEM modelassumptions were developed for local and commuting passenger gemand
applying the data collected where possiblgeseare 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 residents with little allocatio corridor while 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 of

vehicles passinthrough the municipality.

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 known common indicators/data
such as annual km travellegt each vehicle as well as total fuapglied to the transport sector.

The model is set up with the followirgdements

1. Vehicle count (from data)

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

2. Vehicle split by fuel type (from data)

a. Diesel,petrol or LPG (only intaxis)
Vehicle occupancy per trip (from data)
Fuel economy (L/100kmjassumptions taking into account indicative valuemffocus

growps)
Vehicle trips per week (from data)

Tr i

P

split

for

each

vehi

cl e

bet ween

o1l

Assumption on frequency of filips for each vehicle that occurs in GEM (assumption)

Model detail

oc al

The vehicle count for passenger vehicles is adjusted slightly to account for vehicles registered in
GEM but not operating there

Table 42: Vehicle count adjustment assumption

Vehicle count | New vehicle Comment
adjustment count
Bus None 3
) ) ) )
Car 90% 16 805 Assuming 10% are registered in GEM _but
do not operate here or are out of service
Minibus 90% 2591 As above
Taxi 90% 1342 As above
Motorbikes 90% 108 As above

As discussed above, the model needs to take into account the fuel consumed by GEM vehicles
but sourced from outside of GEM. Thus, the total gassdemand for this model is set up to

account

for

| o c a the averadeeldiche anaymakéduring thepysawith the t

proportion that is fuelled withiGGEM being based on data provided and vascassumptions
where necessaryhe Calculation of the total passengen thatis fuelled from withinGEM is
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outlined in the equations below, showingw the assumptions made on Local and Accra trips
affect the total passengdemand

The total effective passengkem demand as seen BEM fuelling stations:

Y& OBERAQQA & B 06 D

OWNEOEDLVARNOOO ) OE ww Equation 13

Where EAM is the Effective Annual Mileat@n km per year) of each vehicle type (v):
P Yl "ONQI 0 Q& ;
Where,R.vis the total return trip km for each trip type (tiseitbeA c c r a 6
vehicle type (v) for a year:

006 0

Yi

B Y

¢ pPLO@I VNI 0 OH ORE ORI il EANAD Q G}

Equation 14

or

Poi iQn afQo
Equation 15

These equations are used in cmgtion with assumptions on trips splits based on two different
scopes adopted for study here. The first s¢epape 1)s a calibrated (tthetotal fuel soldwithin

GEM) transport model, and the second (scope 3) is one where transboundar§meaniyi to
Accra)is accounted foas well as the fuel associated with the transboundary trips that may be
sourced outside of GEM

7.2.1

Scope 1 methodology
In this scopethe portion of transboundary trips occurring within municipal boundaries as shown
in Figure9 are estimated and combined with local trips presumed to be serviced by GEM such
that the energy demand from the total is calibrated to the total fuel 8ENh The assumptions

and data to populate the equations above and thus determine the total pdsaateyaand that

GEM supports is givem the following tablesTable 43 showssaumptions for the trip distances

(in order to derive vehicle activity)

Table 43: Transport model passenger trips assumptions

Km/1way
Trips split* trip* Days of travel** Total trips
Accra | Local | Accra | Local Dayslyear Return trips/yr
Bus 75% 25% 12 8 312 1248
Light 50% 50% 12 8 312 312
Minibus 50% 50% 12 8 312 1248
Taxi 30% 70% 12 8 312 1872
Motorbikes | 0% | 100% | 12 8 312 780

* These are assumptions
** Communication with Ghanaian SAMSET partners

Table 44 shows the total vatle-km travelled by each vehicle usitigeseassumptions (from
Tale 43) and shows the assumptions on the share of returrtheap&EM would be servicing

4

The EAM is the effective vekm that GEM would be servicing with fuel. A portion of the transport in aodrat
GEM is thought to be corridor trangitmainly to and from Accra, and thus GEM would not be supply 100% of

al |

t he f
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Table 44: GEM passenger transport model fuel servicing assumptions and effective vehicle
mileages for scope 1 methodology

Toaimor | e ieage | SNl by SEY | veumseniod | e Em
(assumptions) (km/year)
Accra Local Accra local Accra Local Total
Bus 22 464 4992 27 456 25 100 5616 4 992 10 608
Car 3744 2 496 6 240 10 10 374 250 624
Mini buses | 14976 9984 24 960 25 0 3744 0 3744
Taxi 13478 20 966 34 445 25 50 3370 10 483 13 853
Motorbike 0 12 480 12 480 0 100 0 12 480 12 480

The mileage on the light passenger vehicles is veryThig is a result of the asmptions used
for all vehiclesn this setup to beonsistentvith the assumptions across all vehicle typeg fuel
consumptionThese assumptions will need to be revisefifare using a transport use survey.

Using the EAM and occupancy as well as the vehicle populaliaini€42) the totalpassenger
km demand is calculated

Table 45: Vehicle occupancies and final passenger-km demand

Vehicle type OCCUpa?)(;); t(rFi)S)Oplmveh (vehi?n'\//lyear) g’—gtszl-E:Lvs:riillgzr
Bus 60 10 608 1909 440
Car 2 624 20 972 390
Mini buses 20 3744 194 021 568
Taxi 13 853 55 767 217
Motorbike 12 480 1347 840

The fuel economy for the vehicles and their overall fuel consumption using the detail from above
(vehicle mileages and vehicle couistgiven in Table 46.

Table 46: Fuel economy assumed for the passenger vehicles in GEM and the total fuel consumed
for 2013 in this model

Fuel economy (L/100 km) Consumption (L)

Petrol Diesel | LPG Petrol Diesel LPG
Bus 35 30 - 9 547 -
Light 10 8 747 818 240 641 -
Minibus 18 15 - 1455162 -
Taxi 10 8 6.5 806 152 206 098 | 516 836
Motorbikes 35 47 174 - -
Total 1601145 | 1911448 | 516836

Freight

Freight transport modelling is represented using tdamelemand which is estimated based on
data provided and assumptions made where there is no data avatelfieight transport model
data used for the model is given in the tables below
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Table 47: Freight model data input

Vehicle . Mileage Served Effective

count | | pad (assumed) Fuel split (assumed) | by GEM | mileage

Truck: (Tonnesitrip) Petrol | Diesel (km/year) (%) (km/year)
Light 60 0.5 0% 100% 20 000 70% 14 000
Medium & heavy 90 20 0% 100% 35 000 10% 3 500

Table 48: Freight model data input continued

Fuel economy Total Fuel consumption
(L/100 km) (tonne-km) (L)
Truck Petrol Diesel Petrol Diesel Petrol Diesel
Light 20 18 0 420 000 - 151 200
Medium & heavy 44 38 0 6 300 000 - 119 700

The above data for demand of torkme and passengd&im were used as inputs into the LEAP
model along with the associated fuel consumption per unit of demand, despite the total fuel

consumption beindarger than the data for fuel sales estimaiée final fuel balance for the
transport sector is given below:

Table 49: GEM transport model fuel consumption (litres) and errors

Petrol Diesel LPG

Fuel to transport | 1 659 644 | 2253 167 | 176 028 488
Fuel consumed 1601145 | 2182348 516 836
Error -3.52% -3.14% -99.71%

The remaininduel is assigned to the corridor component to balance out the fuel sold in GEM,
usingtheassumptiongiven below.

Table 50: Remaining fuelto 6 o t bagridorbcomponent assumptions

Split between transport demands
Fuel left over (assumptions)
Litres Diesel Petrol
Diesel 70 819 Passenger 20% 100%
Petrol 58 500 Freight 80% 0%

Combining thecorridor balancing with the freight and passenger model set up, the final transport
model set up for Scope 1 methodolaggiven inTable51.
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Table 51: Passenger transport sector of GEM model input for Scope 1 methodology

Locally refuelled Pass-km % share MJ/pass-km
Passenger 272 887 635

Transboundary 214 889 164

Public 208 597 447

Bus 1010 880 0.5% 0.179
Minibus D 194 021 568 93.0% 0.241
Taxi D 1879951 0.9% 0.955
Taxi P 5882731 2.8% 1.070
Taxi LPG 5802 317 2.8% 0.505
Prvt. 6 291 717

Car D 1804 809 28.7% 2.864
CarP 4 486 908 71.3% 3.210
Local 48 643 096

Public 43100 778

Bus 898 560 2.1% 0.179
Minibus D - 0.0% 0.241
Taxi P 18 301 831 42.5% 0.955
Taxi D 5848 735 13.6% 1.070
Taxi LPG 18 051 652 41.9% 0.505
Prvt. 5542 318
Car D 1203 206 21.7% 2.864
Car P 2991272 54.0% 3.210
Motorbike 1347 840 24.3% 1.124
Other Corridor 9 355 375

Public 9 355 375

Mini bus D 2106 172 22.5% 0.241
Mini Bus P 7 249 203 77.5% 0.2889

tonne-km % share MJ/tonne-km

Freight 9701834
Local 420 000
Light 420 000 100.0% 12.888
Corridor 9281 834
MCV-HCV 9281 834 100.0% 0.680

7.2.2 Scope 3 Methodology

In this section we present the assumptions usettaip the transport model in the scope 3
methodology wherell trips are accounted férall of local and all of transboundary tripale

use the same data and assumptions as Scope 1 for the trip splits and trips per year as given in
Tabe 43, but new assumptions for the quantity of fuel serviced by GEM
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Table 52: GEM passenger transport model fuel servicing assumptions and effective vehicle
mileages for scope 3 methodology

Total km of True % return trips/day serviced | Veh-km serviced EAM
return trips mileage by GEM (Assumptions) by GEM (km/year)
Accra Local Km/year Accra Local Accra Local Total
Bus 22 464 4992 27 456 100 100 22464 | 4992 27 456
Car 3744 2 496 6 240 100 100 3744 2 496 6 240
Mini buses 14 976 9984 24 960 100 100 14976 9984 24 960
Taxi 13478 20 966 34 445 100 100 13478 | 20966 34 445
Motorbike 0 12 480 12 480 100 100 - 12 480 12 480

Using occupancy and the total vehicle count as well as the EANhtHigoassengarm demand
for this methodology is given in the table below

Table 53: The total passenger-km demand for scope 3 methodology

Occupancy EAM Total all vehicles
People/veh Veh km/year Pass-km
Bus 60 27 456 4 942 080
Light 2 6 240 146 806 733
Minibus 20 24 960 1293477120
Taxi 3 34 445 138 664 431
Motorbikes 1 12 480 1347 840

Using fuel economies of each vehicle type and their total mileages (EAM in scope 3), the total
fuel consumedh Scope 3 is given belaw

Table 54: Fuel consumption of passenger transport model for Scope 3 methodology

Fuel Economy (litres/100 km) Consumption - Litres
Petrol Diesel LPG Petrol Diesel LPG
Bus 35 30 - 24 710
Light 10 8 7478181 | 2406412
Minibus 18 15 - 9701078
Taxi 10 8 7 2 004 486 512 461 1285 106
Motorbikes 4 47 174 -
Total 9529841 | 12 644 661 | 1 285 106

Freight
Using the same approach for freight as in Scop8HEM services all freight trips for all freig
vehicles in the municipalifygiven inTable55.

Table 55: Freight data and assumptions for Scope 3 methodology

Vehicle Load Fuel split Mileage Served by Effective

count (assumed) (assumed) GEM mileage

Truck (numbe)r (tonnesttrip) Petrol | Diesel (km/year) (%) (km/year)
Light 60 0.5 0% 100% 20 000 100 20 000
Medium & heavy 90 20 0% 100% 35 000 100 35000

Using fuel economigeghe fuel consumed by freight in this methodology is given below
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Table 56: Freight fuel consumption for scope 3 methodology

Fuel Economy
(litres/100 km) Tonne-km Fuel consumption
Truck Petrol Diesel Petrol Diesel Petrol Diesel
Light trucks 20 18 0 600 000 - 216 000
Light 44 38 0 63 000 000 - 1197 000

Combining the freight and passenger model set up, the final transport model sescqpéir
methodology is given ifable57.

Table 57: The passenger transport sector of GEM model input for scope 3 methodology

Locally refuelled Pass-km % share MJ/pass-km
Passenger 1168 043 311
Transboundary 480 112 065
Public 417 194 893
Bus 2021760 0.5% 0.179
Minibus D 388 043 136 93.0% 0.241
Taxi D 3759901 0.9% 0.955
Taxi P 11 765 463 2.8% 1.070
Taxi LPG 11 604 633 2.8% 0.505
Prvt. 62917 171
Car D 18 048 088 28.7% 1.432
Car P 44 869 083 71.3% 1.605
Local 687 931 246
Public 602 693 844
Bus 898 560 0.1% 0.179
Minibus D 517 390 848 85.8% 0.241
Taxi P 36 603 662 6.1% 0.955
Taxi D 11697 471 1.9% 1.070
Taxi LPG 36 103 304 6.0% 0.505
Prvt. 85 237 402
CarD 24 064 117 28.2% 1.432
CarP 59 825 445 70.2% 1.605
Motorbike 1347 840 1.6% 1.124
Other corridor -
Public -
Mini bus D - 0.0% 0.241
Mini Bus P - 0.0% 0.2889

tonne-km % share MJ/tonne-km

Freight 63 600 000
Local 600 000
Light 600 000 100 % 12.888
Corridor 63 000 000
MCV-HCV 63 000 000 100 % 0.680
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The total for passenger and freight transport in the scope 3 methodology agdprdemhsport
in GEM is given below, and shows that the fuel consumed is on the order of 315% to 357% of
fuel supply (when excluding LPG)

Table 58: Total transport fuel consumption for scope 3 methodology

Petrol Diesel LPG
Fuel available 1659 644 2 253167 176 028 488
Fuel consumed 9529 841 14 057 661 1 285 106
Error 574.21% 623.91% 0.73%

7.2.3 Discussion on fuel sold in GEM

On the model calibration

Reliable local fuel sales data is essential for transport enemgsentation because of the
complexity of transport systems and the difficulty in collecting data from the diversity of modes
that are by definition mobile and difficult to observe. A calibration of activity or part of activity
against the supplyide da&a, which is generally easier to determine relialgives themodeller

some assurance that their assumptions are reasonable. This methodology was developed with this
in mind, adapting this aspect of the GPC protocol, but as discussed the fuel supgtigsstati

GEM seem questionable and this needs to be cleared up as recommended before the outputs can
be considered finadéd

The quantities of petrol and diesel sold within GEM paeticularly low when compared to the

data from th&wutu Senya East municipalifASEM) model(McCall et al, 2016and an estimate

for the Greater Accra regiasms shown below iTable59. The numberdor Greater Accrare

based on a population of 4.38 million people (this is 4.01 million people in 2010 extrapolated to
2013 at a 3% pa growth rate) and using data on fuel sales to the Greater Accra region taken from
the website for the National Petroleum Authority of GhanaANI16).

Table 59: Comparison of data for per capita fuel sales in GEM and ASEM
compared to Greater Accra (L/person)

GEM ASEM | Greater Accra
Diesel 14.0 140.7 120.3
Petrol 10.3 136.4 129.8
LPG 1090.4 | 576.5 17.8

A further source of concern is raised by convertingdat onfuel sold per station for G,
presented iMTable39, to average annual income for the fuel statiossumingGHC 2.56/L and
GHC2.44/L for petrol and diesel respectively with a 10% maskhis would equate #turnover
of GHC 4055Qyear or USD 10227/year at current exchange ratbsfore salary and site
maintenancexpenses formaveragéduelling stdion. Thisdoes nagttherefore seem viable unless
quite heavily subsidised by other commercial activitghe site This and the low per capita fuel
consumptionsuggest thathe supplyside fuel data for GEM requires revieand clarification
before the datasets are finalised

8. Busi nzsisu@BAU)

This section describes the assumptions and methodologies used for prog@ctioerg)y demand
into the future that will serve as a baselagminstwhich scenarios and interventions can be
measued.
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8.1 Maidir i veemrd assumptions

With accounting multsectorialmodels such as this one, population and ecamgrowthare the
main elements whiclare assumed tdrive the overalllevels of activity (and hence energy
consumption) of the municipality.

GDP and economy

The figure below shows national annual GDP growth r&kBough the country has sustained

high national growth rates for the last 15 years, the last couple of years have seen much lower
growth rates as the country has experienced enearyjagles, currency depreciation and rising
inflation. Ghanads economic growth has | argel
accounts for approximately half of the national economy, followed by industry and agriculture
sectors.

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 and 2013 when
excluding the oil related econometrics; thiagsgiven in the table belowhana currently enjoys

a relatively high economic growth rate (even when excluding oil). The averageilebP

growth rate between 2009 and 2013 for Ghana was 7.2%.

Table 60: The growth rates for Ghana (%)
Ghana Statistical Services (2014a)

Growth rates (%) 2009 2010 2011 2012 2013
GDP at current market prices 21.3 25.8 29.9 25.3 24.7
GDP at constant 2006 prices 4 8 15 8.8 7.1
Non-oil GDP at constant 2006 prices 4 7.7 9.6 8.1 6.5
Change in GDP deflator 16.6 12.3 16.8 15.2 16.4
It is assumed that since GEM is in close proximityto Acerhi ch i s a maj or centr

economy, the local

economy of GEMvould closely track that of the country.

6Tr adi ngEc onowhickc sodpilesy eméing indicators and statistics for countries,
indicates that the growth trend for Ghana will likely remain relatively high through to 2020 of

around 6.6%.

The following assumptions were made for this scenario on the economic growth:

5  Website was accessenid 2015 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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I Up to 220, the economy will grow at national rates of 7.2% on averagkis is the

average of nowil GDP over the ladive years.

1 Between 2020 an2030,thee c onomy wi | |

Population

The Ghana population census data reléase n
that Accra and the greater Accra region had a population growth rate of about 3.1% between the
last two censuses. In this scenad% is used as the growth rate the population in GEM.

Fuel cogs
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The prices of liquid fuels for GEM was obtained from the SoE report as indicated in the table
below(Bawakyillenuo & Agbelie, 2014)

It is assumed that the pricespdtrol, dieskand LPG will follow the trend of international crude

Table 61: The average cost in GHC of fuel in GEM

Fuel type | Unit | 2010 | 2011 | 2012 | 2013
Petrol L 144 | 1.78 | 2.00 | 2.56
Diesel L 133 | 1.67 | 2.00 | 2.44
LPG Kg | 212 | 237 | 257 | 2.72

oil prices. The projection of crude oil prices by Werld Bank is given belovithe 2030 value is
interpolated based on World Economic Outlook and the 2025 World Bank figure).

Table 62: 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 cost ofcharcoalas reported by the SAMSET survey was 0.63 GHC per kg in.2013
assumed that the price of charcoal will remain constant in real termsit(ivéll fluctuate only

with inflation).

Table 63: Charcoal cost (GHC per kg) in GEM

20

11

2012

2013

SAMSET survey

0.35

0.44

0.63

The cost of fuel sold pamit in 2013using the data provided awednverted tdJSD (using 2.3
Cedi to adollar) is given below

Table 64: GEM fuel costs in USD in the model

Per unit 2013
Petrol litre 111
Diesel litre 1.06
LPG Kg 1.18
Charcoal Kg 0.27

Electricity costs are adapted from the public utilities regulatory commission notice on electricity
tariffs changes for 2013
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Table 65: Electricity prices approved by Ghana Public Utilities Regulatory Commission in 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%

Using these prices, tharicesgiven beloware assumed for households and for-residential
customerslt is assumed the electricity price will remain constant at 2013 values from the year

2015 onwards.

Table 66: Electricity prices for GEM in 2013 and 2014

Cedi usD
GEM users Grouping Pesewas

kWh 2013 2013 2014
Household 3 0-150 13.54 0.06 0.11
Household 2 151-300 20.19 0.09 0.16
Household 1 Avg. 301-600 and 601+ 24.08 0.10 0.19
IND Avg. 3017 600 and 600+ 36.76 0.16 0.29
Commercial formal 600+ 42.43 0.18 0.33
Commercial informal 0-300 25.27 0.11 0.20

82 Transport

Freight transportation

The operation of lighto-heavy trucks is assumed to continue with similar charactertstite

base yeai in terms of fuelefficiency. Lighttruck freight demand growth into the future is
assumed to follow the overall activity (tonnes output) from the local industry of GEM excluding
water and sewerageéleavy freight (mediunto-heavy trucks) is driven more by the regional
econanic activityT this would be heavily influenced by Accra. So it is assumed that heavy freight
demand (in tonn&m) growsproportional tdocal GDP (which is the same as the regional activity

T see the General section).

Tracking future passengekm demand
Simulation transport models have generally employed a simple tracking of GDP per capita to
estimate future passengan demand as this follows the general wealth of citizens which would
lead to higher mobility demand. However, a simple GDP over populfgionulation would

mean that a scenario exploring increased population growth would result in a decrease in transport
demandThus we derived an altermad formulation of the GDP per capita driver for passenger
transport demand one which keeps the GDPmpeapita (or general wealth of the populace) as

the key component to transport demand but coesillow for a net drop in transport demand

with increased population (something which would not be observed in re@hig)is outlined

below.
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Private passeger demand isssumed to bdirectly proportional to motorisation (vehicles per
thousand people), and motorisatioassumegbroportional to GDP per capftand can be written
as some linear function of GDP per capita:

0 Q— Equation16

Where k 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:

OOl 0 NREROA D RITH Equation 17
Again this is calibrated to the lagear value folGa Eat (this is 16 805 active4-wheel private
vehicley.
Then the population that is motorised (privately) is:

GRERD OO N OOWI Equation 18
Where occupancy ihe assumed base year valu@ pEople per vehicle
And thus

01 "QUAXdEREQQE e oo N Gd & WA QO | Equatbn 19
Where Avg Mileageis the weighted average dfwheel private vehicles (wate cars and the
L CV assumptions) from the analysis in the transport sectidhis report.
The populatiorusing motorised public transparostlyis then:

06600 E&ERNOaMGREH Equation 20
Then the passengi&m demand for public transport is assumed to be linearly linked to the non
private car populace:

N OBREN 60 Ga BO0 66 0 Equation 21
Wherex, the total annual public transport distance travelled per pergonsed 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 drivgthe growth in the population
without access to a car.

Busrapid transport(BRT) system

BRT is planned to be implemented in Acbrathe end of 2015, with only a few buses starting in
the initial phase from Amasaman and Achimataas as part of a trial phase. The BRT system
will be extended in timeéhased on the success of the initial phase to incladed(Awutu Senya)
and Adentgnot indicated on map seeAppiah 2013 which is on the border with GEAppiah
2015 Okoye et al.201Q. The second phase of the BRT which may operate within GEM, will
likely be a few years after the initial phasprovided it is proved successful.

6 This relationship is typically represent ed-shapedi ng

curvebo, however, without reliable registration data

parameters for a distribution emipally derived. With this in consideration, a linear relation is deemed sufficient.
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Figure 11: Map of the pilot BRT in Accra
Okoye et al (2010)

Thetransport land use research stfiolythe BRT project@Qkoye et al. 2010¢xpected that most

of the uses of the BRT system wouldhigrate fromtrotros and bses. This is assumed to be the
case irthe BAUscenario, and that once BRT comes into effect within and around GEM that most
passengers on the BRYstemwill come from buses anotro users.

In summary the transport sector is represented as followag iBAU scenario

1 The demand for private transport passetgeris driven by population and income
(GDP/capita) growth while the demand for public transport passé&ngés drivenby
the growth in the population without access to a car.

1 Itis assumed thahe BRT system will come into effect in GEM by 202@&h about 10%
of bus and trotro users switching to BRT in 2020d that about 40% of bus atidtro
passengearswitch to BRT by 2025. This scenario also assumes that the buses operate at
about 10% morefficiently (fuel wise) than standard buses in GEn with the same
occupancy owing to new engines on the BRT buses.

1 Private transportatiotight vehicles and motorbikemeassumedo retain the operating
characteristics of the base yearno changein occupancy rates, and similar fuel
efficiencies.

1 Thepassenger corridor component is assumed to follow GDP per capita, which itself is
an approximation to nationetonomic growttigures.

Freight tonnekm for light trucks is driven by locahdustrygrowth

Freight tonne&km for medium and heavy trucks are assumed to grow with GDP (which is
directly proportional to national and regional economic growth rates).

83 Household sector

Ghanads popul kaspredouslylpeensevy high, attriodtadléo declining mortality
rates and high fertility ratgdNPC, 201}. The country ishowevergexperiencing a demographic
transition as fertility rates declipattributed tohigher school entmentand chaging economic
opportunities leding to major declinein underl9 fertility (Saleh, 2012).

Urbanisation is a significant factanfluencing household growttGa Eastlying on the outer
periphery of Greater Accra, receives a lot of inward migration of households seekegs to
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