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Measuring Energy Access With A Multi-tier
Approach




Definition Of Energy Access - Current vs New

CURRENT DEFINITION

‘Having electricity or not having
electricity’

‘Cooking with non-solid fuels or
cooking with solid fuels’

NEw DEFINITION

Access to energy is the ability to avalil
energy that is Adequate, Available
when needed, Reliable, of good
Quality, Convenient, Affordable, Legal,
Healthy & Safe, for all required energy
services across Household, Productive
and Community uses




Multi-tier Framework —
Access To Household Electricity Supply

| Ter0o | Teri | Ter2 | _Tier3 | Terd | Tier5

1. Peak Power No V. Loyv Power LO\{V Power Med.ium Power Hig_h Power
ey By Min 1 W Min 50 W Min 200 W Min 2 kW
Daily capacity Min 4 Wh Min 200 Wh Min 1.6 KWh Min 4 KWh
5. Duration Hours per day <4 hrs Min 4 hrs Min 8 hrs Min 16 hrs Min 23 hrs
Hours per evening <2hrs Min 2 hrs Min 2 hrs Min 4 hrs Min 4 hrs
Max 3 Max 7 Max 3
disruptions disruptions  disruptions
3. Reliability per day per week per week
of total
duration
<2 hours
4. Quality Voltage problems do not prevent the use of

desired appliances
Cost of a standard consumption package of 365 kWh per
annum is less than 10% of household income
Bill is paid to the utility / pre-paid card
seller / authorized representative
Absence of past accidents and perception
of high risk in the future

5. Affordability
6. Legality

7. Health and Safety

30%

Index of Access to Energy

2. (P x K)

P, = Proportion of households at the k™" tier
K = Tier number {0,1,2,3,4,5}
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+ Can be aggregated across geographies (Village, district,
province, country or region)

 Can be tracked over time

Tier-rating
for the
household
IS
calculated
by applying
the lowest
of the tier-
ratings
across all
attributes.



Pilot - Kinshasa City

Household energy survey done in Aug-Sept, 2013

Covered all four districts : Lukunga, Funa, Mont Amba, Tshangu

Sample of 2505 Households

Data used for multi-tier analysis
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Data also used to prepare a draft Energy Access Diagnostic Report

Binary Measurement Multi-tier Measurement Multi-tier Measurement of Access
Of Access To Electricity Supply to Electricity Appliances
90%
[v) 0,
2% >3% 59%
26%
10% J 1% 3% 0% 1% 3% 8% 3% 1%
l__ T | T T T T 1 r - T T T .—\
No Access Access 0 1 2 3 4 5 0 1 2 3 4 5
1.2 3.83
Index of Electricity Access Index of Access to
Appliances
4
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Access to Household Electricity: Attributes Summary Sheet
by District

Electricity Source Capacity Duration Duration
Source Wattage Out of 24 Hours Evening Supply
Tshangu | 16% 77% Tshangu [17% 77% Tshangu 27% 53% Tshangu 7% 25% 36%
Mont Amba 7% 90% Mont Amba i 2070 Mont Amba |120% 40% 3( Mont Amba 6% 23% 34%
i Lukunga 7% 92% i i
Lukunga 7% 92% i Lukunga 20% 38% 24¢ Lukunga [9%12% 31%
] Funa 7% 92% ] ]
Funa 7% 92% J Funa 23% 25% 25% Funa |14%43% 27%
. No electricity 1-50 W < . .
NO ACCESS GRID SHS m 500-2000 W >2000 W <4h 4h-8h 8h-16h 16h-22t <1lh 1h-2h 2h-4h
Reliability Quality Affordability Legality
Duration of Interruptions Low Voltage Problems Cost of 30 kWh < 5% of Based on Bill Payment
(mins) Monthly Income
Tshangu 49% 8% 6% Tshangu 88% Tshangu 2% Tshangu 2%
Mont Amba 38% 793% 5. Mont Amba 90% Mont Amba 3% 97% Mont Amba 1% 99%
Lukunga 56% 17%! Lukunga 83% Lukunga 0% 100% Lukunga 5% 95%
Funa 43% 11% 6% Funa 79% Funa 1% 99% Funa 0% 100%
>30 mins 10-30 mins <10 min: Low Voltage Good volta; Not Affordable Affordak Not Legal Legal

Problem of lack of grid-connectivity is most acute in Tshangu district where almost 17% of the households do not have a grid-connection, compared to about 7%

in the other districts.

Problem in duration of supply is also acute in Tshangu where 70% of households have less than 8 hours of supply per day. In general Tshangu and Mont Amba

districts receive less supply during the day as also in the evening compared to Lukunga and Funa districts.

Problem of reliability is most acute in Mont Amba district, even though other districts also do not fare well.

Problem of poor voltage is equally intense in all districts and affects the regular use of appliances.
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Electricity — Gap Analysis and Interventions

Transformer renovation and | Legality
maintenance program, and

better load management can Afforda bility
help improve voltage

If households receive at least
4 hours of supply, including 2
hours in the evening, then
one third of the city dwellers

could-move to Tier-2. [ | HEliBbilit‘,F
38% Quality
32% Duration
. . Additional generation
B Provided grid- along with associated Capacit
e rather than transmission should be P Y
off-grid solutions -
1
10%
1% 2%
| | | AL | | |
Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5

32% of people in tier 0 had less than 4 hours during the day or less than one hour in the
evening) and 10% of them do not have electricity

Gap analysis at

Glance: Tier 1 represents people with some affordability problems

In tier 2 most of the people (38%) experienced low voltage problems in the last year and

14% of them have less than 8 hours of supply during the day or less than 4 in the
WORLD BANK GROUP evening. PPy €Uring Y 6
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Technical Assistance Package

As part of this effort, ESMAP will provide support for:

1. Theoretical framework: providing concept frameworks,
multi-tier definition and measurement methodology

2. Implementation of household energy surveys:
providing a standardized household energy
guestionnaires, and assistance with survey administration
and data cleaning.

3. Energy access diagnostic assessment: by applying the
multi-tier measurement of energy access to household,
productive, and community uses of energy. The diagnostic
report will include gap analysis, highlighting deficiencies in
energy supply performance and possible interventions.
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Questionnaire:

Contains core questions for the tier calculation
related to:

1. Electricity: => capacity, quality, duration,
reliability, affordability, legality

2. Electricity services => usage of electricity
appliances

3. Lighting => no electricity sources and details
on solar applications (SHS, Solar lantern...)

4. Cooking solutions =>room ventilation, primary
stove and fuel, secondary stove an fuel,
convenience, capacity, affordability, availability

5. Productive use of energy=> capacity, quality,
duration, reliability, affordability, legality

6. Community use of energy=> capacity, quality,
duration, reliability, affordability, legality

Time: around 45-60 minutes
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INTRODNU E'TII}\ AND GENERAL INFORMATION
Corequesiions, refevant for the calculation of the mulii-fer index

Intraduction

“Hells, my mame is . fum wr ']- resentaive of
the [OOMPANY NAME]. We condwcting a s .h ehalf o HA' F
SINSTITUTRO, JH'J‘H-II} NAME Thiz vew ix part of @
sty aimed 1o asire e @ ! ' in H r)i \r.rm- NAME]
Wi woulid like to ask you fe Wch will dake abous 30-
dihibn. AN the answe W e ket amen v wily
mimbers of ey feam will b % foi tivis fnfom

ph nrerview af any fime, ask me fo olarify . ||a,r
rhl repeat 5 mnn“.r |1'lr.'uf< stand, Your o »grean.l

{5 gred r.'\ appreciated.”
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A Now Approach
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Additional Information
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THE BOTTOM LINE

The ki tier appraach t
FEHSUCING erEngy Sccess
propesed in Hie SEAML
Global Trackirg Framework.
of 2013 introduces & five-tier
riEasurement methadlogy
s B VAELS Enengy
attributes, such as guantity,
ciality, afarcisbslity, and
duration of supphe The
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scress o erergy for 8 gven
geographical area. Separate

Mibel Bhatia is 2 sorice

energy speciakst in the

Wikt Bank's Energy

Fractios Jmhatiang

i Org.

Mizoling Angeoe &

an prewgy economist

n the same practice

3 nanguimw Tk
gL

“hress is dafined &5 the
abiliny to chiain energy
that |5 adequate, avallable
when neaded, ralishla, af
geod quality, aficrdanls,
2gal, corweniert, healhy,
and safe far all rzquired
anergy applicatians

Capturing the Multi-Dimensionality of Energy Access

Whyis this issue important?
Rapid expansion of access to energy requires both
accurate assessment and tracking of progress

Acimgs th ey has ganed sigrificant it fom grernmes
Al chevel ppment agericies, particulerly singe the call for Sustarable
Erergy for Al {SEQALLY by the Secnetany Genenl of te Unieed Ratians
2012 Ore of the key poals of SEGALL IS o achiews "uniersd
Bt b MEARM erengy S rices by J030° {SEAALL 2012 Adieing
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acress 16 réarmation ard entertarment through television

‘What does access to energy mean?

A full definition of enengy access must be
multi-dimensional

Thene are twea inikial chalenges i defining ard rmessrre energy
aceess: the aboercs of & universal defirition of ensngy access and
the difficulty of messsuring any definizn inan socurate mannet Such
cifficuity lies within the rmuli-dimensenal nature of aoceds k) reniy
For example, multiple sounces of enengy, delivered through a rangs
of diverse lechnalgies, aoess grid-based and off-grid systems,
reed b0 be capturad QB8 2N, Alse, energy i used o2 wide
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chata on simukarecus L af muliphe erengy sources ane scarce
(Dnis TP, Hekberg 2004, Masera, Diag, and Bemueta 20050 Firall,
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Figgiare 1. Binary versus mult-ier measurement
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Thank you

For any further que
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Multi-tier Framework —
Access To Household Cooking Solutions

Level-O0 Level-1 Level-2 Level-3 Level-4 Level-5

1. Health (Indoor | PM2.5 (ng/m3) <350 <250 <100 <35 <10
Air Quality) CO (mg/m3) <70 <50 <20 <7 <7
2. Convenience
e Fuel Collection Time (Hrs / week) <7 <3 <1
e Stove Prepn Time (Min/meal) <15 <15 <5
e Ease of Cooking \ \
3. Safety | IWA Safety Tiers Tier-1 Tier-2 Tier-3 Tier-4
of OR, Past Accidents None None
_§ Primary & Perceived Future Risk Yes None
=1 | 4. Affordability <10% of HH <5% of HH
£ Income Income
= 5. Quality of Primary No No
Variations in heat rate due to fuel Major Affect
quality that affects cooking Affect
6. Capacity of Primary Minor None
Use of secondary due to number of
burners or flame Size of primary
7. Availability of Primary Minor None
Use of secondary due to non-
availability of primary

Tier-rating for the household is calculated by applying the lowest
of the tier-ratings across all attributes.
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Multi-tier Framework —
Access To Energy For Productive Uses

Tier-0 Tier-1 Tier-2 Tier-3
1. Capacity Electricity (Watts) <1lw 1-50W 50-200W | 200W-2kW 2-10kwW >10kW
(Wh) <2Wh 2-200Wh |200-1.2kWh| >1.2kWh - -
RM&T (% of <25% 25%-75% 75%-100% 100%
needs)
2. Duration (% of needs) <25% 25%-50% | 50%-75% 75%-100% 100%+
3. Reliability S ; ; Reliability issues with No issue or
Reliability issues with severe impact i :
4 moderate impact no impact
:; 4. Quality Quality issues with severe impact Quality |ssu.es with No |.ssue or
I moderate impact no impact
5. Affordability > 2 times grid tariff < 2 times grid tariff < grid tariff
6. Legality /Formality No Yes
7. Convenience No Yes
8. Health & Safety Non-BLEN without smoke|Non-BLEN with smoke BLEN solutions
extraction xtraction or outside use  |Not likely to cause
Likely to cause severe Likely to cause moderate [significant damage/injury
health damage/injury amage/injury

Tier-rating for the productive use is calculated by calculating
Tier-ratings for all relevant applications and applying the lowest.
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Multi-tier Framework - Access To Energy For
Community Uses: Health Facilities; Education Facilities;
Public & Community Buildings

Attributes

Tier-5
1. Capacity Electricity No Electricity very Low Low Power Medium High Power
Power Power
Capacity
Heating No heating Capacity partially covers |Capacity largely covers needs totally
(if needed) (0%) needs (1%-49%) (50%-99%)
covers needs
2. Duration Electricity No electricity/|Less than % of| Less than | More than % | More than % All the time
Heating heating the time of the time | ofthetime | of the time (100%)
(if needed) (0%) (1-24%) (25%-49%) | (50%-74%) | (75%-99%) >
3. Reliability Electricity - _ ; No significant unscheduled
Heating Significant unscheduled interruptions interruptions
(if needed)
4. Quality Electricity
Heating Quality is not satisfactory Quality is satisfactory
(if needed)
5. Health & Safety |Electricity
Heating Health & Safety is not satisfactory Health & Safety is satisfactory
(if needed)

Tier-rating for the household’s access to energy at each community institution
Is calculated by applying the lowest of the tier-ratings across all attributes.
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How Is Energy Access Measured —
Indices By Dimensions Of Energy Use

Overall Access to
Energy:

Index of Access to
Energy in
Productive
Enterprises

Access to Energy
for Community
Institutions:

Access to Energy

for Households:

WORLD BANKGROUP
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Index of household
Access to
Electricity:

Index of Household
=l Access to Cooking
Solutions

Space Heating

Index of Access to
Energy in Health
Clinics

Index of Access to
Energy in Schools

Index of Access to
Energy in Local
Govt. Offices

Index of Access to

Energy in
Community Halls

Index of Access to
Energy for Street
Lighting

Index of Access to
Energy for Farmers

Index of Access to
Energy for Small
Shop Owners

Index of Access to
Energy for micro
and small
enterprises

Index of Access to
Energy for medium
enterprises
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Piloting Of Multi-tier Framework —

Household cooking, Household

Completed Kinshasa area electricity

Completed Uganda National Household Cooking

Completed Ethiopia Amhara Region Hous_ehold SO iE), [RleUEEiele
electricity

Completed India Bihar — 6 districts HOUS?hOId S0 R EUEEneR
electricity
Household cooking, Household

Ongoing Guinea National electricity, Productive uses, Community
uses

National Household cooking, Household

Pipeline Mali electricity, Productive uses, Community
uses

Pipeline candidate Burundi

Pipeline candidate Liberia

Pipeline candidate Mozambique

Pipeline candidate Senegal
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Electricity - Attributes Summary Sheet

Electricity Source Capacity Duration Duration
Source Wattage Out of 24 Hours Evening Supply
No
1-50 W
: 16h-
SHS electric 1% 9on 222h <91/h
NO ity o o
Access o | 10% N o % <4h
10% OTHER o 23% >4h
1%
1% ’ S 1h-2h
8h-16h IS
23%
>2000
GRID W 4h-gh 2h-4h
87% 87% 39% 32%
Reliability Quality Affordability Legality
Duration of Interruptions (mins) Low Voltage Problems Cost of 30 kWh < 5% of Monthly Based on Bill Payment
Income
Not
Afforda et
Good ble Le§al
30 voltage 2% pe
None . 15%
38% mins
46%
<10 v LI:W
mins  10-30 ‘;;/ge Afforda Legoal
5% mins 2 ble 98%

11%

98%

Less than 8 hours per day for 62% of the household

Unscheduled interruptions are longer than 30 minutes for more than 57% of the household

Almost 85% of the household experienced low voltage

WORLD BANKGROUP

Energy & Extractives

17



Electricity - Tiers Summary Sheet

® Peri-Urban ™ Urban

In Tshangu district 55% of the households are in tier O:

F0% - . .
so% they have no access to any form of electricity or
60% | 55% experienced problems in duration of supply
50% - Funa district has the higher rate of household in tier 2
41% (62% households)
40% - 36%
30% - Lukunga district presents the highest number of people in
_ tier 3 given to higher rate of duration of interruption for
20% 73% of the households
10% -
1% 1% 2% 3% 0% 1% 0% 1%
0% - -
TierQ Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 Area Index
Urban 1.3
B Funa MLukunga © MontAmba ' Tshangu Peri-Urban 0.9
70% -
62%50% Funa 1.4
60% - 55% 39% Lukunga 14
50% - Mont 1.2
A Amba
40% 1 35%,, Tshangu 0.9
30%
Total 1.2
20%
10% - 6%
0% 1% > 1% 2% g 1% 3% 0% 0% 1% 0% 1% 0% 0% 0%
0% I T T T B 1

Tier 0 Tier 1
., WORLD BANKGROUP
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Tier 2 Tier 3 Tier 4

Tier 5
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Electricity Services — Summary sheet

Light Bulbs

Phone

Phone charger
Colour TV

Radio

Electriclron

Electric Fan
Refrigerator

Tube (fluorescent)
Electric cooking system
Water Heater

CFL Bulbs

Electric Hair Dryer
Electric Food Processor
Computer

Air Cooler

Air Conditioner
Printer

Microwave Oven
Water Pump

Black and white TV
Washing Machine
Electric Space Heater
Rice Cooker

Electric Toaster

T T T T T T T T T T 1
0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

70% -
60%
ol Index: 3.8 Most household can afford
o to own energy appliances
. 26% observations: DUt they cannot use them
20% y properly due to poor
10% | 3% 8% 3% 1% electricity supply
0% | - | I | | .
Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5
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