Appendix to Charging ahead: Prepaid electricity metering in
South Africa



Cape Town
VAT Reg No: IIEGIGIIIN
Credit Token
Token Number: 000015CCT0010324

FBE Token Name: [ ]
Cust VAT No:

Cape Town Tariff: LifeLine2
Date: 01 August 2014

Token Number: 000015CCT0010323

VAT Reg No: Time: 03:13 PM

Meter: ]

SGC: 411 KRN:1 T
Meter: I

Vendor ELITE DISTRIBUTORS
SGC: 411 KRN:1 Ti1
Cost breakdown incl. VAT
LifeLine2 20.9 kWh at R0.961248
Date: 01 August 2014
Time: 03:13 PM .
Units Issued 20.9 kWh
Total Free Units: 25.0 kWh Cost of Units excl. VAT R17.54
Daily Service Charge R 0.00
6835 0321 6953 Total VAT R 246
Account Collection Details:
5565 1400 .00
R 0.00
R 0.00
Total Account Recovered: R 0.00
Amount to Pay: R 20.00
Amount Tendered: R 20.00
Change: R0.00
Grand Total: R 20.00

0568 5423 1975
4244 3009

Figure A.1: Prepaid electricity receipts - Lifeline customer
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Figure A.2: Electricity tariffs



11000°LL
YANI000°S8LL
pasn syun

(1BM1OY)PI000°EST
(1en1Y)UMN000'9LELE
Buipeas maN

(1endV)Pl000°2vZ
(1eNPY)YA000°L6L9E
mc_ﬂmw‘_ SNOIA3Id

91°866'L i h anp |e30] :3unodde Juaund

[[1q peyepriosuod sjdureg ¢y oInsI

¥iLvm

ALDIELOII

s|1e3ap 49319

)

aA0QE # YIIM padJew syunowe uo [ YA %0

I < <<<<

i 32/0AUI }X3U O} PIBAIO} P3LLIED JUNOWE UMOP PApUNOY
ﬁ yse ul pied j anp Junowy

ﬁ yse> i pied 10U i 3N JUNOWY
[ Jaquinu JunoYy

ez 00Kedfseamwn je auuo Aed

A FRBRieS An 991310 350d
@ \C.\U\ABQ <a& feEjuxIf] & >
UuvasS | E supiomioom SINO9UD ILIMdOHS VSAVY

{MOJaq SI0PUdA 3y} 1o Sa21J0 Yysed umo) aded jo A3 :sjuiod Aed

pasealdul ag ybiw Junowe 1isodap JnoA pue pabieyd ag |im 93} UoNaUUOISIP i “padiuelenb ag Jouued Juawed sale Aiddns
AU} 4O UOI}D3ULIODAI BJRIP3LU] “PAIDLISAI/PAIBULODSIP Bulaq Alddns A111D3J3 Jo/pue Jayem Inok Ul 3nsal pinod Aed 0} ainjiey
Junod2e sy} buiuidu0d A1) ay3 03 Aisnb e paniuwigns aney NoA i uans ‘JuswAed ployylM 10U Aew NOA
21ep anp 3y} Ja)e BUIPUBISINO [|3S SJUNOWE [[e uO Pabieyd aq ||im JsaIaju]
00°000 GY JO SS3dX@ Ul spuaLAed djdinw
se [[9M se 3]buIs Jo 19adsaJ Ul JUNODIE INOA U0 palAB| 3q |IIm sabieyd yueg "mojaq palda|yal siopuaa Al1D 1e AjuQ :pied 1paidAlgaa())
3150dap U0 788501 L ZZ "OU JUNODDE INOA 1idsul 35eald jueg ysgy 18 1isodap 109110(9) 9Ua194a) Se IaquInu Junodde [eddiuntu
bIp-auIu INOA Ajuo s “alisgam s,jueq INoA uo Aleiauaq pajsi|-jueq e se umo] aded Jo A1) ay) 19185 :(143) stuswihed diuond3j3(p)
ez'0>'A)1DAed 1o ez'0>°AedAses JisIA suswied EEE:; ) 211U 3JIAIBS JBUWIOISN B 1ISIA 10 680 €01 0980 |18 :SI8pJo 1gaa(q)
3|qeidadde jou aue sanbayd palep-1sod (111) “00°000 00SY 4O HuIIT (1) “umoy aded jo Al ayy 01 sjqehed apel (1) :senbayd(e)
suondo juawifeqd -

:9)ou asea|d

N

600000/ 500000 UNWEQOPEZLOVOILOZ AUNS!

“xdse’/£1-910Z-196) 6 6) *AOB’ MMM//:d13y 03 06 uonewoul 10w
104 "saueIql] pue s33430 [PUNOXgNS je ¢ [udy wouy 3|qejieae sjie3aq judy Buunp 386pnq 1jeip £1/910Z Sy} UO JUSWIWOD 3sed|d
“Junode ueq JNoA wouy pajqgap aq ||IM 91°86Z1 ¥ Bul|jelo sabieyd Jusun)

f Ayjiqer) |exo
Aidde 3121 SIS PIRPUEIS “E2Z1€ O S8'slv6 Hiiqel ol
SSBIPPE [IBW- PUB JSGUINU JUNGIIE INOA §INS
PUI-8 BIA JUNODDE [edIDIUNL S} BMB3R1 Of 69°/LL1lS 4O SIealie uo Juswabuenry
91'86¢Y anoqe (q) + () [eI0]

(q) + (e) Je3oL
¥102/80/92 Aq 3|qefed

9L'8621
91’8621

(9) @np junowe juaund

00°00€C 00°00€C JuBWIeISUI JUDLIND
69°LLYL O sieaule uo Juswabueny
91'8661 JB3JI9A0 995 - JUNOdIe 1s3le]
COR ®
-66'796€ NOA dueyl (7102/80/1€) stuawiAed ssa7
66'796¢€ adUe|eg JUNOJJE. SNOIAAIY
I 3 /I :
t102/80/9¢ @3ep ana ¥102/80/10 1€ Se Ajewwins 3uno»Ny

ez'A0B UMOIaded MMM :SS3IPPE g3
0008 Umo] ade) 559 x0g Od
anuaAdY JoydalIQ : 3duapUOdsalio)
ez°A0b umoladedgsiunodde :|lew-3
LOLY LOY LT LT+ SIUSID SBSIBNO :[3]
060€ 010 980 :Xe4 - 680€ 010 980 ‘oL

e Ivl A0 4 YIIM Prdew sjunowe uo 1VA %L PPY
78'6€
86 0097l ¥ ® M ¥Sv0'L (€)
00SZ'8 ¥ ® 1 058%°Z (2) @24 P OV LE'E (1) © ¥10Z/L0/L0 Wol4
009S°€L ¥ @ M 90€L°0 (€)
0007 LY ®PHOLLED (2) @4} Y OvLY'0 (1) : ¥102/90/87 Woid
abueyd |esodsig %
.}
(Buipeai [emdy) ( sAed £z - ¥L0Z/L0/VT O} ¥L0Z/90/8Z POUSd ) IDVHIMIS ==
96°'S6
96'56 ('slerowsay | X NIGIOYZ X | ) 8bieyd asnyay *
000 ('s|erowdy | X TADIY 10vL X | ) 9bseyd asnjay x
. ___________________________________ |/
sheq L€ (¥102/80/10 03 ¥L0Z/L0/20 PO ) ISNIIY M_
[4311
[439 00vS'ZL ¥ © 14 8Z6Y'L (€)
0052’84 ® M 0LSS€ (2) 3343 Y OVELY (1) * ¥102/L0/L0 WOl4
00L9'LL Y ®@ 129810 (€)
0009'L ¥ ® Pt Ovb0 (2) 8344 4 0Z65°0 (1) : #102/90/87 Woid
(onsawop) abieyd uondwnsuod x
I £0v°0 96esane Ajeq / 14 000°LL uondwnsuo) / I ou Ja35 N
1 1 \/
(Butpea [enyy) (sAeq £z - ¥10Z/L0/¥T 0} ¥L0Z/90/8Z POM3d ) HILVM ﬁ
6L°798
-0v'1£9 (UMY €£21°LES ) uonduinsuod palewiss Jo [esiansy
01'259 £8€9'L ¥ ® UMY 6809°8 (V) 9LVE'L ¥ ® UM 0LIZ L6 (€)
9LVE'L ¥ ® UMY 0808'LSL (2) 9LVE'L ¥ ® UM 09S€'8LL (1) : #10Z/L0/10 Wol4
Jnsawop :abieyd uondwnsuod) «
60788 0025°L ¥ ® YMA LSSSZL () 00ST'L ¥ ® UMY 01£9'£8Z (€)
00SZ'L ¥ ® UM 0LEL'0EZ (7) 00ST L ¥ ® UMY 0€09°ZLL (1)
Jnsawop :abueyd uondwnsuod .
UM} §80°02 26eI2A8 Al1eg / UMY 000°58LL uondwnsuod / I :ou J2)o 1N
.}
(Buipeas [eny) (sAed 65 - ¥102/L0/¥ O3 ¥LOTZ/SO/LZ POMR ) ALDIYLIITA
vL96L
-97'86 LE X 59€ + 07579000 @ 00°000581 ¥ * ¥710¢/L0/20 Wol4
1paJd 81egal [PUOCIPPY #
“L6°L LE X G9E + 0¥57900°0 ® 00°000S L ¥ ¥710¢/£0/20 Woi4
11pa.d 21eqal Aioyniess #
L6206 LE X G9€ + 0¥57900°0 @ 00°00000£1 ¥ * ¥710¢/L0/20 Wol4
anjen [e10] #
.}
sAeq L€ (¥10Z/80/L0 03 ¥L0Z/L0/20 PO ) SILVY AL¥IdOYd
AAAAA

40 7 abed

I />qwinu 3UnoxNy

¥10Z/80/10 3e Se s|ie1ap Junoxny

a1oAul xe} Ado)
ﬁ 1028010¥88504 1220

@ Jequinu k_wctma ssauisng
Jaquinu
[ ) aowasn

740 | abed

QVLISAVYN aVLS
VAVIISVS ONIXI
NMOL 3dV2 40 ALID

L6VE6L00SY

Jaquinu uonensibay 1A
0008 umo] aded 559 xog Od
1008 piensjnog bozysH 71
2J1U3D JIND

600000



.07
L

.06

Average marginal cost (USD)

8 L’\/‘\/I
Q
<
S
T T T T T
2012m1 2013m1 2014m1 2015m1 2016m1

Figure A.4: City of Cape Town average marginal costs

Notes: Average marginal cost of electricity supply per month between 2012 and 2016, in USD2014.
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Figure A.5: Randomization groups

Notes: Map of Cape Town. The polygons correspond to the 27 randomization groups. The 13
groups that make up Mitchell’s Plain are clustered in the lower center of the map. Each polygon
contains between 150 and 200 customers.
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Figure A.6: Load-shedding events in Mitchell’s Plain

Notes: Description of loadshedding events and other outages in Mitchells Plain. The left figure
shows the total number of separate incidents per month and the right figure shows the total hours
per month of each type of outage event.
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Figure A.7: Pre-program kWh residuals

Notes: Residuals from a regression of pre-program average daily kWh on customer and month-year
fixed effects, by randomization group.
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Figure A.8: Average daily kWh, project versus comparison customers

Notes: Monthly mean consumption for project and comparison customers. The comparison group is

a sample of postpaid customers, matched on property value. The vertical line in late 2014 represents
the start of the meter replacement program.



Table A.1: Balance

Switch Date
Group  Assigned Actual Switched

Daily KWh 0.058%  0.002 -0.002 0.514
(0.032)  (0.005)  (0.003) (0.315)

Lifeline tariff ~ 0.007***  0.000 0.000 -0.041%*
(0.002)  (0.000)  (0.000) (0.019)

Property value -21.666  64.269*** 16.454*** _3.9e+03***
(55.855)  (8.242)  (4.537)  (540.824)

Notes: Correlations between program administrative variables and pre-program customer charac-
teristics, at the customer level (N=4212). Column 3 is conditional on switching to a prepaid meter
(N=3213).

Table A.2: Average daily kWh - Mitchells Plain only

OLS v
(1) (2) (3) (4)
Panel A: Avg daily kWh

Prepaid -2.002%%* -2. 127K -1.887#4* -2.224%4%

(0.126) (0.198) (0.117) (0.383)
R? 0.189 0.194 0.189 0.194
N 112,050 112,050 112,050 112,050
N customers 2,251 2,251 2,251 2,251

Fixed effects month, year month-year month, year month-year

Panel B: Log avg daily kWh

Prepaid -0.117HF* -0.132%** -0.106%** -0.159%**
(0.013) (0.023) (0.011) (0.038)
R? 0.108 0.112 0.108 0.111
N 111,725 111,725 111,725 111,725
N customers 2,251 2,251 2,251 2,251

Fixed effects month, year month-year month, year month-year

Notes: Consumption results for the Mitchells Plain sample only. Otherwise, details are as in Table
2.
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Table A.4: Robustness checks (average daily kWh)

Base Group IV Mailing IV DD Postpaid DD Prepaid
(1) (2) (3) (4) ()

Panel A: OLS
Prepaid -2.173%** - - -2 271Kk -1.856%**
(0.137) (0.117) (0.087)
Panel B: IV
Prepaid -1.889%*F  _1.746%FF 1. 781%** -2.325%** -1.718%**
(0.199) (0.430) (0.273) (0.172) (0.100)
N obs 207,930 207,929 207,929 271,137 2,004,004
N customers 4,246 4,245 4,245 5,452 38,248
Month-year FE X X X X X

Notes: Robustness to alternative specifications. The base result (column 1) corresponds to columns
2 and 4 of Panel A in Table 2. Column 2 uses the group order as the instrument (equal to zero prior
to the start of the program in November 2014). Column 3 uses the date of the mailing informing
customers of the program as the instrument. Column 4 adds a comparison group of postpaid
customers, not in the program (i.e. never switched), sampled based on property value. Column 5
adds a comparison group of prepaid customers in the project areas. See text for further details.

11
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Table A.6: Robustness checks (average daily kWh)

Base Load-shedding Tariff error Placebo test

(1) (2) (3) (4)

Panel A: OLS
Prepaid -2.173%** -2.200%** -2.490%** -0.153
(0.137) (0.138) (0.147) (0.121)
Panel B: IV
Prepaid -1.889%** -1.886%** -1.626%** 0.213
(0.199) (0.199) (0.220) (0.193)
N obs 207,929 185,761 162,706 153,748
N customers 4,245 4,243 3,316 4,213
Month-year FE X X X X

Notes: Robustness to program implementation issues. The base result (column 1) corresponds to
columns 2 and 4 of Panel A in Table 2. Column 2 controls for the average daily hours of regular and
load-shedding outages in the month and is restricted to the Mitchell’s Plain sample of customers.
Column 3 drops customers with tariff mistakes. Column 4 implements a placebo check that moves
the assigned switch date and actual switch date ahead by one year.

13



Table A.7: Heterogeneity in returns to prepaid metering

Average returns Relative returns

Postpaid Pre / Post
Domestic 22 1.11
(0.01)
Lifeline 2 1.41
(0.37)
Above median kWh 27 1.05
(0.02)
Below median kWh 4 1.61
(0.10)
High prop value 23 1.03
(0.02)
Low prop value 13 1.18
(0.03)
Usually on time 17 0.93
(0.01)
Usually late 16 1.29
(0.04)
No debts 20 0.90
(0.01)
Outstanding debts 6 3.59
(0.47)
Never disconnected 18 0.98
(0.01)
Outstanding debts 11 1.93
(0.14)

Notes: Returns to prepaid metering relative to postpaid metering, by customer characteristic. See
Figure 6 for further detail.
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Appendix: Data and variables description

This appendix details the data sources and how they are combined, and a detailed description

of the variables used in the analysis.

A.0.1 Data sources and dataset construction

Billing records The City of Cape Town maintains billing records for any property served
or taxed by the municipality. As discussed in the main text, most households receive a
consolidated bill for all taxes and services every 25-35 days, with billing dates that vary
across customers. We create a billing panel that sequences bills by meter reading date. The
resulting panel contains both overlapping billing periods and gaps between billing periods.
Overlapping billing periods are most commonly due to estimated meter readings (10.3 per-
cent of bills in the raw data).?® Once an actual reading is collected, the estimated readings
are reversed and the customer is billed for the difference between the estimated and actual
readings during the estimated months. Actual readings are used to replace estimated read-
ings in the data, by assigning the actual consumption estimated billing periods assuming
equal consumption on each estimated day. Gaps between bills are less common (2.1 percent
of bills in the raw data). Gaps and bills with zero recorded consumption are dealt with
similarly in the cleaning process. We allow for two alternative assumptions: (1) average
over gaps of up to 30 days (including gaps associated with zero consumption bills), working
backward from the date of the next non-missing (non-zero) bill, or (2) average over gaps of
up to 365 days using the same process. (1) is our main outcome measure, and (2) is used in

a robustness check. All gaps longer than 365 days are dropped (N=102).

Prepaid vending records The prepaid vending system records each transaction and the
meter with which it is associated. The meters themselves do not communicate with the grid,
and as a result, we do not observe prepaid meter consumption directly. To construct monthly
outcome measures comparable to those obtained through the billing records, we assume that
electricity is consumed at a constant rate between purchases and that customers maintain
a steady minimum balance (which may be zero) over time, i.e. there is no accumulation of

prepaid credit on the meter.

26Estimates are taken when a customer’s meter cannot be read, which usually occurs because it cannot
physically be accessed. Consumption is instead estimated based on past consumption patterns observed for
that customer. At most, three consecutive estimated readings are permitted by the system before an actual
reading is obtained and used to “reverse” the estimated readings.

15



Customers purchase electricity frequently: the median frequency is every 3.3 days. Out
of over 50,000 customer-month observations on prepaid metering, only 270 months are as-
sociated with no prepaid purchases, corresponding to 147 unique accounts. Consequently,
any more sophisticated latent demand model would only affect the assumed within-month
variation in demand, which we cannot observe on either the prepaid or postpaid system.
We impose analogous averaging assumptions to what is described above for the billing panel
to address gaps between prepaid purchases of over a month. We allow for two alternative
assumptions: (1) average over gaps of up to 30 days, working forward from the last observed
purchase (i.e. assume entire transaction is consumed within 30 days), or (2) average over
gaps of up to 365 days using the same process. Gaps of longer than 365 days are dropped.

(1) is our main outcome measure, and (2) is used in robustness checks.

Project data The contractor maintained records of attempted and completed meter in-
stallations, which we use to match postpaid and prepaid meters. Contractor records also
include the date of meter installation, the meter serial number and the date that households
received maildrops informing them of the project.

Sample construction and randomization used lists of targeted accounts provided by the
Department of Electricity. We include all accounts that were on the lists in our analysis, with
the following exceptions. First, non-domestic customers are dropped. Second, customers
with 3-phase electricity meters were dropped. The contractor did not replace this type of
meter. Finally, 13 meters in the randomization file that did not receive any bills between
January 2012 and November 2014 and were not in the contractor installation logs were

dropped from the sample.

A.0.2 Variables

e Average daily kWh: We construct an average daily kWh variable at the customer-
month level. As described above, our main variable averages over up to 30 days prior
to the most recent meter reading or since the most recent prepaid purchase in the
case of months with no data. As a robustness check, we allow for a longer averaging
window, of up to one year. We also use the total kWh consumed in the month in our
benefit-cost analysis. We construct a binary indicator for above median kWh based on

the customer’s average consumption prior to November 2014.

e Amount owed: We apply the customer’s tariff to the constructed consumption measure,

16



calculating the kWh on each tariff block and the marginal price. This results in an

amount owed associated with the calendar month of consumption.

e Days to pay: We construct a variable that describes the number of days between when
a customer consumes electricity and when he or she pays for that electricity. For
prepaid observations, this is calculated as half of the average number of days between
transactions, consistent with the assumption of a constant rate of consumption between
transactions. For postpaid observations, we take the amount owed on the first bill in
the panel and use that as the starting balance that must be cleared. A bill is cleared
when cumulative payments catch up with the cumulative amount owed. For customers
that receive a consolidated bill, accounting is similar, though debts must also be cleared
before a payment is allocated toward electricity.?” The days to pay is transformed into
a months to pay variable for the benefit cost analysis. We also use this variable to
construct late payment measures, which equal one if the bill was paid off after its due
date. A customer is categorized as usually late if over 58 percent (the median share)
of bills before November 2014 are paid late.

e Average marginal cost: We obtain records of the average marginal cost paid each
month by the City of Cape Town to Eskom. This is calculated based on the time of

consumption for all residential and commercial customers in the City.

e Non-payment: For bills that are not cleared by the end of the panel, we construct a
payment probability variable based on observed payment probabilities associated with
debts of different ages in a longer panel for the same sample. This payment probability
is set to zero for debts older than 3 years, as per South Africa’s Municipal Systems Act
(i.e. debts older than 3 years are written off). For payments that we do not observe,
we set the revenue measure in our benefit cost analysis equal to the amount owed
times the payment probability. We use the customer’s average time to pay to replace
unobserved days to pay. We construct a measure of outstanding debts that equals one

if the customer has multiple unpaid bills at the end of the panel.

e Disconnections: Customers are charged for disconnections and reconnections associated

with enforcing payment. We record the cost of a disconnection in the month that it

2"The City of Cape Town assigns payments against the consolidated bill to debt first, followed by electricity,
then other services. We therefore assume that the electricity amount owed is cleared once cumulative
payments catch up with the cumulative amount owed from past bills plus the current owed for electricity
only.
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shows up on the customer’s bill. The disconnection costs to the City are factored into
the benefit cost analysis. We construct an indicator for whether the customer received

any disconnections on their postpaid meter.

Property value: We use the City of Cape Town’s 2012 general valuation of properties,
which is the basis for property taxes, along with a geographic identifier to match
property values to electricity meters. Our binary measure of low property value uses a
threshold of 300,000 ZAR, which is the cutoff for several social programs in the City.

We assume low values for flats and for a small number of parcels with missing data.

Administrative cost records: Other details included in the benefit cost analysis were
obtained from the City of Cape Town through personal communication with the Elec-
tricity Department. These include the rate of technical and non-technical losses, and

the cost of preparing bills and reading meters.

18



