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Introduction

The aim of this work is to develop a set representative appliance demands for the GRESST modalising
data from the Multi-Tier Framework (MTF) developed by the World Bank and reported inBtgond
Connectionslocument[1], where possible. This repastbasedmainlyonwork in theBeyond Connectiomsport
and provides a summary of the MTF, with particular reference to electrical household appliances

The work presented here starts with an overview of the MTF, then it presents a hierarchy of the different indices.
Using ths hierarchy as a guide the report drills down into the indices used to measure household access to
energy and reports where the MTF can provide information on appdisthat can be applied in the MECIREST
model.

A working paper thatdescrbes the MECSREST ndel development is given ihttps://mecs.org.uk/wp
content/uploads/2020/07/Householdoad-modelling_workingpaper 30 07 20.pdfavailable atthe time of
writing).

1 Description of the MultiTier Framework (MTF)

The MultiTier Framework (MTF) is a method for quantifying access to energy. It stems frormwlkGlobal

Tracking Framework2] by SE4ALL whicbuggested further work was required in the area of mtér
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of energy accessummarized below
1. Access to energy can mean many thingscess to energy suppbgcess to energy services,

actual use of energyccess achievdtirough stacking of multiple energy solutions.

Socioeconomic development is tipeimary objective of expanding energy access.

3. Access to energy is needed at multiple localesuseholds, productive engagements, and
community facilities

4. Access pertains to usability of supply rather than actual use of energy.

5. Attributes of theenergy supply affect the usability of energy for desired servicEse attributes
of energy include capacity (adequacy), availability, reliability, affordakijitslity, legality, health
impact, safety, and convenience, among others

6. Improvement in energyaccess refers to a continuum of improvements in attributefsenergy
supply: This forms the basis of a mttieér conceptualization of energy access to reflect the
continuum versus a binary conceptualization.

7. For standalone energy solutions, the colleaiattributes of the energy supply ancbnversion
device are taken into accounStandalone devices such as solar lanternscakstoves deliver a
complete energy service (lighting or cooking) rather than just ersrgpgly. In such a case, the
collectiveattributes of the energy supply and the converdienice should be taken into account
when examining energy access.

8. Allinterventions in the energy sector can contribute to improved access by maysegs to
higher levels of attributesSuch interventionsot only include new househaddiectricity
connections and delivery of clean cookstoves, but other projects such asgameeation,
transmission, gas pipelines, liquefied petroleum gas (LPG) bottling, migygtams, solar home
systems, biogas projestfuelwood plantations, and briguettsanufacture, among others. In
addition, soft aspects such as policy formulation, cnedithanisms, market structuring,
regulatory reforms, institutional capacity developmeransumer services enhancement, f0ss
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reduction measures, efficiency improvement, arder aspects may also contribute to enhanced
access to energy.

1.1 Hierarchyof the Multi-Tier Framework (MTF)

The MultHier framework is divided into three main indices:

1 Household access to energy
9 Access tenergy for productive useshich increase income or productivisyich as shops, barbeetc.
9 Access to energy for community ussgh adealth centres and schools

As shown in in the lefhand side ofigurel the index of household and community use access to energy are
further subdividednto three indices which are described in déifaisection2:

1 Household electricity indefsection2.1)
1 Household cookingdex(section2.3)
1 Household heating indefsection2.4)

The Tier value for a househatthy becalculated as the mean of these three household-sulexes although
this incorportation of different indices into a single value is less meaningieltier valugwhich ranges from
0 to 5,can be adjusted to a s@abf 100 by multiplying the tier va¢ by 20.

For any geographical area, an overarching index of access to energy can be calculated as the
average of the indices across the three localésuseholds, productive uses, and community
facilities.

The index for larger geographical area can be obtained by calculating the population weighted average of
indices across the smaller areas that constitute the larger area. For example, thalritestate level can be
obtained by calculating the weighted averagetod districtlevel indices.

Overall Energy
Access Index

Index of Household Index of Access to Energy Index of Access to Energy

Access to Energy for Productive Uses for Community Uses
Household | | Household | | Household Street Health Education = | Community Public

Electricity Cooking Heating Lighting Facilities Facilities Buildings Buildings
Index Index Index Index Index Index Index Index

Figurel Hierarchy of energy access indifgs

TheMTFcan be applied at different levels of detail:

1 Comprekensive
1 Simplified
1 Minimalistic
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Tablel describes these detail levels in terms of the access indidé$. i@omprehensive MTF data and reports
are available af3] for:

T

=A =4 =4 4 -8 =9

Cambodia
Ethiopia

Myanmar

Nepal

Rwanda

SAn Tonéy Piincipe
Zambia

TABLE 11.1
Comparison of Frameworks for Global Assessment

Detailed survey questionnaire for

Reduced number of questions
that may be used for global

Minimum number of questions
that may be incorporated in

Key Purpose Sgﬂgi:;gLsrséfass?uzwct?gli b assessment of energy access existing household surveys
0 under SE4Al (e.g., DHS and LSMS)
Covered in detail, including, . -
Household inter alia, education, social, Covered In a simplified manner Not covered separately (already

Characteristics

occupational, basic income, and
expenditure characteristics

Comprehensive assessment

without assessment of income
and expenditure

covered by existing surveys)

Household based on all attributes: Simplified assessment based on Minimalist assessment-only
Access to capacity, duration, reliability, reduced set of attributes: capacity, | based on two attributes: capacity
Electricity quality, affordability, legality, duration, reliability, quality and duration
convenience, safety, and health
Household E;;Egrsmﬂﬁl\;?]Sosjisgge”mmm Simplified assessment based on Minimalist assessment based
Access lo s well as phone charging gniing type of lighting device and phone | on use of electrical lighting and
Lighting capability, including use behavior charging capability phone charging capability
B EASTELE CESCE TNl Simplified assessment based on
Household based on all attributes as well rimpar e Pt e Minimalist assessment based on
Access lo as information about ventilation, goluli 01{15 e veymmatiung type of primary and secondary
Cooking ;?a[:]kdlggdgre;w‘ncSn”;?r{trgrgnfe convenience, and affordability cooking solutions
Household Simplified assessment based
Comprehensive assessment on capacity, duration, and .
A
a[;g?iis o based on all attributes convenience of primary heating Notincluded
o solution
Energy Access | Detailed assessment based on S
for Productive | all relevant activities and sources Sl‘mf‘.”!“ T Not included
Uses ey glectricily access
‘A
g}%%‘mﬁﬁi Detailed assessment based on Simplified assessment based on | oo
Uses Y survey of institutions household interviews

Tablel how different levels of detail apply under different categories of the MTF [afiex

2 Household access to energy

The following sections describe the MTF indicehfiusehold access to energyhich is on the left side of the

hierarchy shown ifrigurel. These cover the following:

1 Household electricity index
1 Household cooking index
1 Household heating index

The following sections describe how these indices can be applied to the MECS demand modelling work.



—&
?’_}-MECS

Modern Ene
Cooking Slnrir:!e‘;

A

2.1 Household ¢ectricity indexin the Multi-Tier Framework (MTF)

This section of the report describes how the MTF can be used to specify appliance demandsigerifothe
MECSCREST model.

For the first stage of the MEESW 9 { ¢ Y2 RSt $S &SS1 (f@ aspeciRchodusehoidivith St A y S
a specified number of residents, a specified set of lightbulbs and appliances, a specified cooking pattern (eg for
SIFOK YSIfzX K2¢g Ylye LIS2LS FSR yR GKS 3ISYySNIf GAYA
The baseline demand is diversified to give multiple instances of the same household type. This is achieved within
the MECSCREST by varying various characteristics within the model and by varying the appliances assigned to
each (household) instance.

Theappliance data in the MTF can be used to populateMi€€ SCREST modetlectric cooking (eCook) devices
will be added to the model separatditer, in order to determine the effect of eCook uptate the electricity
infrastructure (solar home system, niigrid or electrical network)Specifically theMTF household electricity
index can be used to describe a supersegpadsibleappliances in a household for households at different MTF
Tier levelsas shown in the following sectians

In order to obtain apfance rating datdrom the MTF fothe MECSCREST the household electricity index (far
left bottom in Figurel) is used For this indexhe MTF assessé&sattributes[1]:

Peak capacity (power cap in W or Wh, OR Services)
Availability (hours/day, hours/evening)

Reliability (number of disruptions per week)

Quiality (voltage probles)

Affordability

Legality (who pays)

7. Health & Safety

o gk wnNE

This is shownni Table2 along with the categorisation values for different tiers. The atlyibute relevant
specificallyto appliance ratings Peak Capacitwhich can beppliedin three ways:

1. Peak capacity as power in Watts

2. Peak capacitgs energy per day in Wh/day

3. Servicess different categories in a narrative description
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TIERO |TIER1 TIER 2 TIER3 TIER 4

Power .
capacity Min3W
ratings?”

(inW

or daily Min 12 Wh Min 200Wh | Min 1.0 kWh
Wh)
1. Peak

Capacity Electrical
lighting, air
OR Lighting of | circulation,
Services 1,000 Imhr/ | television,
day and phone
charging are
possible

Hours Min 4 hrs Min 4 hrs Min 8 hrs Min16his | Min 23 hrs
2. per day
Availability

Max 3
Max 14 disruptions
3. Reliability disruptions per week of
per week total duration
<2 hrs

Min 8.2 kWh

ATTRIBUTES

Voltage problems do not affect

4. Quality the use of desired appliances

5 Cost of a standard consumption package of
Affordability 365 kWh/year <5% of household income

Bill is paid to the utility,
6. Legality prepaid card seller, or
authorized representative

Absence of past accidents and
perception of high risk in the
future

7. Health &
Safety

Table2 MTF for measuring access to household electricity siipp8ec. Table 6.10]
There are several tables|ib] that contain similar but slightly different information, as described in the following
paragraphs.

Peak capacity is related to descriptive power ratingsy( low power, low power, ejcand typical appliancds
Table3.

Table4 attributes some appliance types the descriptive power ratingin Table3.

Table5, developed by the authgbrings together all the information iable2, Table3 and Table4.

CAPACITY

Ratings

(minimum in W 12Wh 200 Wh 1.0kWh 34KkWh

or daily Wh)

Supported Very low-power | Low-power Medium-power | High-power }:I TR
Appliances appliances appliances appliances appliances ap%lifnces

Large

Medium SHS, fossil Large fossil

SHS, fossil
fuel-based
generator,
mini-grid

fuel-based fuel-based
generator, generator,
mini-grid, central grid
central grid

Table3 Tiers of capacity of electricity supjply Sec. Table 6.3]

Rechargeable
battery, SHS

Typical Supply

Technologies Solar lantern
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TABLE 6.2
Typical Household Electric Appliances by Power Load

Lighting Task lighting S0 e et

lighting
Entertainment & | Phone charging, Television,
Communication | radio computer, printer
Space Cooling 1 Air conditioner,
& Heating Fan Air cooler space heater*
Refrigerator,
Refrigeration froezer®
Mechanical Food processor,
sk water puip Washing machine | Vacuum cleaner
Product Heating Iron, hair dryer Water heater
Toaster,
Cooking Rice cooker TR Electric cooker

“Continuous foad

Table4 Typical household appliances by power demdn@ec. Table 6.2]
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Tier 4
% Power Capacity rating min 800W
g in W or daily Wh min 3.4 kWh
S
§ OR Services
o
.f'z: Supported Appliances Highpower appliances
o
5 . Large SHS, fossil fu
3 Typical Supply based generator, mini
a Technologies

grid, central g_;rid

Lighting

Entertainment and
Communication
Space Cooling and

Heating
Refrigeration
Mechanical Loads
Product Heating

Washing machine
Iron, hairdryer

Typical Household Electri
Appliances

Cooking Toaster, microwave
b — .
= 5 Hours per day min 16 hrs
g
T3 . .
z (2] Hours per evening min 4 hrs

Table5 Summary of miniumum requirementspwer capacity and services and durations by Tier with appliances

N L7
Loughborough C AD
¥4 U n ive rSity Energy Shh‘%m&lkﬁh{w P}gnl:'l—' ;/‘Kaﬁ
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Table6, taken fronjl] givesappliance ratings and usage time related to the tier leMalsontrast toTable5, which gives the minimum tier for each applian€aple6 shows
how usae increases for higher tiers. téathat for most appliances ifable4 the descriptive power rating maps to the minimum Tier level (eegy low power appliances
maps to Tier 1). However, there is @wonsistency for Washing Machine and Refrigeration, which would be expected to map to Tier 4 and 3 respectividplEdniut
have minimum of Tier 3 and 4 respe&ly inTable6.

Table6 isalsofound inthe previous work ilAnnex 5 of2] but has some additions/differences:

1 power demand and duration of use for some applian@esgiven as a range, rather than a single value
9 values for minimum annual consumption for some appliances is different

1 the annual consumption for some appliances increases with increasing tier level (e.g. indicating more light bulbs imehigbeseholds)Previously this value
remained constant across theers.

The differences between the datasets[1] and[2, Ch. Annex Jummarised imable7.
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WATT
EQUIVALENT | HOURS
APPLIANCES PER UNIT PER DAY
Task lighting 142 4/8
Phone charging 2 2/4
Radio 204 2/4
General lighting 12 4/8/12
Air circulation 20/40 4/6112/18
Television 20/40 2
Food processing 200 0.5
Washing machine 500 1
Refrigerator 300 6
Iron 1,100 0.3
Air conditioner 1,500 3
Total

MINIMUM ANNUAL CONSUMPTION,
IN kWh

Table6 Indicative calculation of electricity consumption by Tier, fipm

10
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Appliance DemandRating | Increased Demand
with Tier level
Task Lighting Increased
Phone Charging Increased
Radio Increased Yes
General Lighting Decreased
Air Circulation Increased
Television Same at Tier 2 Yes
Food Processing Decreased
Washing Machine Same
Refrigerator
Iron Same
Air Conditioner Increased

Table7 Differences between the data[ig] and[1]

Table8 attributes appliance power rating and duration of use to each Tier level based on back calculating from the minimum asougbtion (kWh) irTable6 and using
the range values for duration and rating. For example, task lighting is 1 or 2 W and for 4 to 8 hours per day. Usinlgi¢sasénimum and maximum values in combination

consumptia values of 4 Wh/day, 8Wh/day (two combinations give this result), and 16 Wh/day. These equate to 1.46 kWh/year, 2.92arkb/BA® kWh/year which
match with Tier 1, Tiers 2 to 3 and Tiers 4 to 5 respectivelplines.

This table can be used to attribute appliances along with their rating and usage (duration) to theQRESS model based on the MTF tier level of the household.

11
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Appliance

Task Lighting
Phone Charging
Radio
General Lighting
Air Circulation
Television
Food Processing
Washing Machine
Refrigerator
Iron
Air Conditioner

Table8 Power and duration by Tier derived from datd able6
2.2 Extending the appliances considered

Table A2.1of [1] gives Electricity Supply Requirements Edectricity Serviceshich is one of the ways the MTF attributes Electricity Peak Capacifyalse). This is a
summary of appliance ratingalues from various sources a narrative form. The aim of the tabletésestablish gpower ratingfor different appliances. The table cains

more appliances thaable6 but only considers the power demand andt duration of use. Therefore, unlike the dataTable8, the energy consumption cannot be
calculated

12



—‘
?“_)‘-MECS

Modern Ene
{\- Cooking Servirge‘;

The appliances?2.linclude all those given in thHadicative calculation of electricity consumption by Tikable6 (alsoTable7, Table8), and givesimilarpower ratingvalues.
A summary of the th@ppliances not incded inTable6 (alsoTable7, Table8) is given inTable9, along with a minimum tier ratingnd estimated time duration of use. The
minimum tier isassigned as follows:

1 the appliance name is cross referenced with appliances imtpécal HouseholBlectric Appliancesection ofTable5 (which is slightly different to the appliances
given inTable8). If there is a matctthe tier assigneéccording to the appliance position in the table. This is the case for most appliances.

9 If the tier rating is not found as above, the power rating is used to assign the tier accordingRowlee Capacity Ratings (\W)Table5
Since no usage durations are given for these appliaricés estimated and the basis of the estimation is also ginehable9. Lastly, the author evaluates whether the

duration of usage should increase with increasing tier level oRwoivs in green indicate those appliances that are included, whilst rows in red sigHiifgldded appliances.
The reasorior disincluding an appliance are givenTiablel0.

13



Reference Power

Minimum tier

Basis for Minimum

Estimated duration

Basis for Estimated

Increases with tier

Basis for Annual

Appliance (Watts) Tier (hours/day) duration level Consumption
Computer 70 2 Named appliance in 0-8 Estimate by author Y Daily energy x 365
Table5
L 2 Named appliance in n/a Not included
Printing 45 Table5
. 4 Named appliance in 0.1 N Daily energy x 365
Hair Dryer 1,200 Table5
Water Pump 500 3 Power rating in 0.2 N Daily energy x 365
Table5
Rice Cooker 400 3 Named appliance in N Not included
Table5
Electric Toaster 1000 4 Named appliance in N Notincluded
' Table5
Microwave 1250 4 Named appliance in N Not included
' Table5
Electric Stove 4 Power rating in N Not included
(burner/hotplate 1,500 Table5
only)
. 5 Entry inTable5 1 From Table A2.1 of| N Daily energy for hali
Water Heating 350G [1] the time (x182)
3 Entry inTable5 1-3 Same as air Y
Air cooling 240 conditioning at Tier
5
Room heaters 5 Entry inTable5 Y

Table9 Additional appliance ratings (only) frofh, Ch. Annex 2]

! Hair dryer may not be used every day. The value 0.1 (6 minutes) is an estimate.
2 Table A2.1 of1] states less than 30 minutes collection timer person. The value of 0.2 (12 minutes) is aineste.
3 The figure for water heating (3.5kW for 1 hour) seerighhThe calculation for thi;n Appendix 2 of1] may be incorrect.

14
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Appliance

Task Lighting
Phone Charging
Radio
General Lighting
Air Circulation
Television
FoodProcessing
Washing Machine
Refrigerator
Iron
Air Conditioner

Extended ApplianceBom Appendix 2

Computer
Water Pump
Hair Dryer
Water Heating
Tablelluses the data iTable9 to evaluate appliance rating and usage by MTF Tier level in the same forhabl@8. Some appliances are not consideifed the MECS

CREST modfdr the reasons given beloim Tablel0:;

Appliance Reason for dignclusion

16
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There is p information on time of use for a household it is expected to be fairly low usage and that it wq

Printing have a small impact on overall demand.
Rice Cooker Cooking appliances will be considered separately

From the MTFrepotl]A G A ay Qi Of St NJ ¢ K| @ir GodlisopndRair Tanditieingexe&pt
Air cooling that Air Conditioninchas significantly higher consumption. It was decided to AiseConditioningand to dis

includeAir Cooling

Electric Toaster

Cooking appliancewill be considered separately

Microwave

Cooking appliances will bertsidered separately

Electric Stovéburner/hotplate only)

Cooking appliancewill be considered separately

Room heaters

Excluded based on the fact that the current countries under consideration are all warm.

Tablel10Appliances not considered in the MECREST molde

Tablellgives the full list of appliances frofable8 and the extended appliare list fromTable9.

17
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Appliance

Task Lighting

Phone Charging

Radio

General Lighting

Air Circulation

Television

FoodProcessing

Washing Machine

Refrigerator

Iron

Air Conditioner

Extended ApplianceBom Appendix 2

Computer

Water Pump

Hair Dryer

Water Heating

TablellFull list (including the extended appliance lis@ygbliance rating and duration by MTF Tier level

4 The figure for water heating (3.5kW for 1 hour) seems Higie calculation for thisn Appendix 2 of1] may be incorrect.

18
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2.2.1 Household access to lighting and phone charging

Household access to lighting and phone charging is considered to be so impbaikitis treated separately. Tier 1 in the MTF is the threshold level for adequate basic
lighting and phone chargingn other words a household with basic lighting and phone charging is at Tier 1 or giéaté indicates no access to electricitpwever

there is a nuanced approach to measprogress between Tier 0 and Tier 1 acceg4,ih. 7] Thisconsidersaccess to lighting and communication including phone
OKFNBAY3 |4 | ySAIKo2dzZNRA K2dzaSo

2.3 Household cooking index in the Mulilier Framework (MTF)

TheBeyond Connectiomsport states thatevidence shows that even when electricity is availableptite rarely use it to meet their cooking neéflg

TheMTF for measuring access to energy for household cooking is different to thetiguitamework for measuring cook stove performance that was proposed by the
International Workshop Agreement (IWA) of

the International Organization for StandardizatioB@)In order to differentiate between the two, the cooking inde1fjidza S& G KS GSN) af S@St a¢
GSNY GOGASNEBEE D

The MTF assesses access togatold cooking under the categories:

Indoor air quality(in terms of PMsand CO)

Cookstove efficiencfprovisional IWA tiers are used, but these are described
Conveniencdin terms of fuel collection time and stove preparation time)
Safety(based o IWA tiers or accidents)

Affordability (as a percentage of household income)

Quiality of fuel (in terms of heat rate that impacts the ease of cooking)
Availability ofprimary fuel (as a percentage availability over a year)

=A =4 =4 -8 -4 -4 -4

The cooking indedoes not relag to appliance ratings and therefore not useful fosetting the MECERESdppliance dataHowever, this cooking index could be useful
for assessing the impact of eCook devicessideredn the MECS project on energy access tier levels.

19
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TABLE ES.

Multi-tier Matrix for Measuring Access to Cooking Solutions

4

LEVEL O [LEVEL 1

(PI_?S}HJ specifled by
1. Indoor acompetant
A Qualiy agency, such
co =
(mg/m) basad on
Primary
solution
meels Tier 1
efliciency
2. Cookstowe Efficiency require-
ments [to be
(not to be applied if cooking specified by
solution is also used for space acompetent
heating) agency
consistent
with local
cooking
conditions]
3. Convenience:
Fuel acquis tion and
preparation time {hrsfwesk)
e
| Stove preparation time {min/
EJ meal)
=
E Primary so-
=< lution meets
WA safety tiers (provisional)
WA Tier 1
4. 5adety for Safely
of Primary
Cookstme | OR Past
aucidents
{burns and
unintendsd
fires)
5. Affordahility

fuel quality that
cooking

6. Quality of Primary Fuel
variations in heat rate dug o

7. Avallability of Primary Fuel

affects eas of

specified by
a compstent
agency, such
a5 WHO,
based on
haalth risks]

Primary
solution

meets Tier 3
efficiency
require-
ments [lo be
specified by
a competent
agency
consistent
with local
cooking
conditions]

Primary so-
lution meets
(provisional)
WA Tier 3

<7 (WHO guideline)

Primary solution mests
Tier 4 efficlency require-
ments [lo be specified

by a competent agency
conslstent with local eook-
Ing conditions]

Primary solution meets
(provisional) IWA Tier 4

No accidents over the past
year that required profes-
slonal medical attention

Levelized cost of cooking
solution (Inc. cookstove
and fuel) < 5% of house-
hold income

No major effect

Primary
fual Is
readily
avallable
through-
out the
year

Tablel2Tiers for access to energy for cooKihgFig. 8.15]

20
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2.4 Household heating index ithe Multi-Tier Framework (MTF)

The section on the household heating index in Beyyond Connectiomeport is fairly shortlt states that he requirement for household heating is sometimes met with the
same device as is used for cooking, but sometimesparate device is used. The range of heating solutions includes: electric heating; fuel based centralised district heatir
system; fuel based staralone heating and direct solar heating. The need for heating can also be met with increased clothing drinksnSpace heating needs can be
curtailed, although with increased discomfort and sometimes harm, through the use of other mechanisms. Unlike cookinspislliyat basic requirement for survival.

The access factors for household heating are givarabiel3, it does not includerctideany appliance specific data.

Space heating is not considered in the MEBREST model as it is not required in the work beingnizkien at this stagelhe access to space heating does not include any
appliance specific data.

TABLE ES.5
Multi-tier Matrix for Access to Space Heating

[LEVEL2 [LEvEL3 [LEVEL4 [LEvEL5 |

Personal

space At lsat ons room has Al rooms in the housshold

1. Capacity around
Individuals | MeAlNG [E=T

Is healed

2. Duration

Comfortable ankreve
3 uallty m allot 7% C

ofthetme | ofthe tme e
4. Corwenlence (fuel

colletion time I hrsfweek} -mm
Cost <the
5. Affordability Cost < 2 times the grid tarif orid tarif

6. Reliability {number of

ATTRIBUTES

disruptions/day)
[To be
P, specified by
(ughm) acompetent
7. Indoor agency,
Alr Quality such as
0 (') el . <7 (WHO guldsling)
risks]

Noaccidents (bums or un-
Intended fires) aver the past
year that required profes-
slonal medical attention

8. Satety

Table1l3p11 Beyond Connectiofsame table on126 Table 8.16)

21
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3 Application ofthe MTF toapplianceownership model

Zambia is one of theountries for which there is a comprehensive MTF survey. This is repoifi4[d irhe data was collected between September 2017 and March 2018. A
total of 3,612 households were surveyed in Z26@luation areas130 of which wereirban and130 wererural. In the survey none of the sampled households used-griid

as their main sourcef electricity. The survey found a large gap in access between urban and ruraharsiagwn irFigure2 Zambia MTF tier distributiocomparison of
rural and urban areas fror#], with three in four urban households having access to electricity but only one in ten rural households having access.aldwergide
differences in access across the provinces

35% 0.5‘16

@ Tiero

@ Tier1

1.0% 2.455 Tier 2
Tier 3

Tier &4

@ Tiers

Rural

0.6% 1.8% 14.9%

Urhan
Figure2 Zambia MTF tier distributitocomparison of rural and urban areas frofh

Tablel4 shows the proportion of population within each tier of the MTF for Zambia, categorised by National, UthRarah These figures are used to assign appliances to
a group of modelled households in a rural or urban area of Zambia, based on the mapping of appliances and their usafjERdi¢ndevels imTable8 and Table9. This
data is a spreadsheet titleflppliance Data and Muliier Framework _data_table v*p*.xIsx
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Figure3 Zambia MTF Tier distribution by provirjdg
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5 This incorrectly states 59.3 in the document
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Za.m b | a Tier 2 Tier 4
(% of total) (% of total)
National 59.3 2.2 0.7 - - 37.7
Capacity Urban 24.2% 0.6 0.4 - - 74.8
Rural 91.2 3.7 1.0 0.1 - 4.1
Tablel4
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Task Lighting Task Lighting Task Lighting Task Lighting Task Lighting
Phone Charging Phone Charging Phone Charging Phone Charging Phone Charging
Radio Radio Radio Radio Radio
General Lighting General Lighting General Lighting General Lighting
Air Circulation Air Circulation Air Circulation Air Circulation
Television Television Television Television
Food Processing Food Processing Food Processing
Washing Machine Washing Machine Washing Machine
Refrigerator Refrigerator
Iron Iron
Air Conditioner
Computer Computer Computer Computer
Water Pump Water Pump Water Pump
Rice Cooker Rice Cooker
Electric Toaster Electric Toaster
Microwave Microwave
Electric Stove Electric Stove
(burner/hotplate only) (burner/hotplate only)
Hair Dryer Hair Dryer
Air cooling Air cooling
Water Heating
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Use data from this paper for appliance TGUUser§b30464200neDrive- Newcastle UniversitReadingMECSComp of load profs in mGraksess perf metrics usir
meas and interview data_Hartvigsson_2018.pdf
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Table 1

Appliances identified in the interviews, their occurrence and verified rated power. The “-" sign indicate no verification of rated power or calculation of confidence measure was possible. For
power, the assumed power is therefore noted in brackets. An “*” sign indicates cases when only one interviewee had the appliance and thus no confidence value could be calculated.

“_n

Appliance Mean number of appliances Average rated power (W) (that was Usage

type per customer verified by inspection) Start time Standard Stop time Standard
(average) deviation (average) deviation

(hours:min) (hours:min)

Households

TV 0.81 88 16:00 5:00 22:00 0:45

DVD 0.6 14.3 17:30 2:15 21:30 1:00

Stereo 0.5 100 19:00 8:30 21:30 1:15

Lights 8.6 295 18:00 4:45 21:00 4:00

Iron 0.4 1000 7:15 2:30 10:15 1:00

SMEs

Lights 1 27 14:30 5:30 20:30 1:15

Stereo 0.4 75 9:30 3:45 20:45 1:30

DVD 0.2 -(14.3) 10:45 5:00 21:30 1:45

TV 0.3 60 10:30 4:30 21:15 1:30

Computer 0.16 Intel Pentium 4* 8:00 1:30 19:30 0:45

Trimmer 0.21 - (15W) 8:00 1:30 21:30 2:00

Hairdryer 0.16 65 14:00 * 16:00 *

¢ An Intel Pentium 4 computer is assumed to use 150 W of continuous power. The computers were also fitted with TFT screens (15-19 in.) with an assumed continuous power con-
sumption of 20 W.
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