















































GATHERING INSIGHTS

3.1/ MAKING SENSE OF THE
FIELD RESEARCH RESULTS

Thea nity map that I used for analysing the
data from field research produced 23 groups
of notes organised under six themes. While
the scope of thea nity map was framed by
the guiding research questions, a new topic
emerged from my analysis of the fieldwork,
and which | could not have been aware of
before conducting the fieldwork. This topic,
managing a mix of energy sources, is highly
relevant to how customers value and use the
prepaid electricity service. Therefore, it was

included inthea nity map. An abbreviated
list of the themes and their subgroups are
shown inthea nity map below.

The guiding research questions for the
a nity map were:

/ How do customers interact with and
become informed by the prepaid meter-
ing system?

/ How do customers value and use the
prepaid electricity service?

/ How do people use Boond and integrate
it into their current/pre-existing mix of
energy sources?

AFFINITY MAP THEMES

The electricity service is an
investment in children’s
futures, productivity, quality
of life, and property security

+ Light at night increases study time
for children, work productivity

+ Light brings families/village
together for socialising into night

* Relieves boredom/drudgery

+ Light relieves concern for livestock
security and hazardous insects/

snakes in the home n

Guessing cost of electricity
and consumption

+ Not knowing the price of
electricity and the hourly cost of
appliances

+ Guessing at, or ignoring, the meter
lights (pricing levels)

* Installers explain/demonstrate
the basics of meters

* Entrepreneurs have basic
understanding — like customers
they also guess at prices/metering
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Meter position and
interface present challenges
to reading

+ Trying to see the meter’'s LCD
monitor from below

+ English is a foreign language

+ Security from children touching,
and tampering/theft hinders

interaction n

Managing a mix of energy
sources to conserve
energy spending

* The Energy Mix acts an energy
source contingency plan

+ Spending on Boond when it pro-
vides the most value for money

* Kerosene/SHS is seen as a
cheaper alternative to Boond
when high-quality light is not
necessary

+ A Light bulb in strategic location
supports multiple tasks by
several users

+ Allocating the most appropriate
energy source for the task

* Using the SHS exclusively for

light/phone I:

Engaging/Interacting
with the meter

* People look for the “Balance”
before and after use

* Curiosity and active involvement
in metering, experimenting

+ Acting only when balance hits
zero

* Meter reading/recharging is a
shared task

* More literate family members
(often children) read the meters

and manage the account n

Mobile phone use is basic/
limited on feature phones

+ Prepaid phone plans as a point of
reference

+ Monthly spending on phones
more than Boond

+ Women use mobile phones for
voice/media, not texting

+ SMS/mobile pay attitudes,
cash is king
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3.2/ PARTICIPANT STORIES

The stories introduce three actual Boond
customers and one entrepreneur that

prioritise kerosene and electricity use. Laxmi
and her family exemplify an household with

participated in the

based on the interviews and my observa-
tions during the home visits, and reflect my
interpretation of those events. These stories
of these participants are most relevant
because they best illustrate some of themes

that are discussed

provide a glimpse into the participants’ lives,
mainly touching on how they monitor, use,
allocate finances to and value energy sources,
including electricity.

Rakesh is a good example of an extremely
cost-conscious customer with a strict daily
budget for electricity. His story demon-
strates how families read the meters and

SANGEETA
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Sangeeta is a widow and lives in

a multi-generational household
with her two sons. Her uncle, who
lives in another dwelling in the
village, signed up the household
for Boond's service. Sangeeta is

a bit suspicious of the meter, she
can not read the display or make
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study. The stories are

in the findings. They

sense of its controls. All she does

is switch the lightsonand o .

She uses them sparingly because
electricity is expensive. In the
beginning, her cousin used to come
to the house to read the meter and
charge the dongle. But now her own
son, Deepu, has learned to check
the meter and recharge the dongle
by watching the cousin. Usually,

a larger budget for electricity and some
electricity sharing. Their story shows how
use is allocated between Boond’s service
and their shs. Sangeeta is an example of a
customer that pays no attention to the meter.
Her story shows us how a family cooperates
with the service. Sarvesh, an entrepreneur
and customer, demonstrates a proactive use
of electricity for social and economic benefit.
His story tells us about an entrepreneur’s
motivation and the challenges of the role.

A note about the photographs. While the
participants agreed to be photographed for
the study, their names have been changed to
preserve anonymity.

“We tell people Boond is good because
you only pay for what you use.”

Rakesh is a day labourer in the fields surrounding his
village. He lives with his family in a single-story brick
house, with a large patio area that includes room for
grain storage and a water pump. His income fluctuates
depending on the local harvest and weather. After

RAKESH'S LIGHTING TIMELINE

6:00 7:00 8:00 9:00 10:00 11.00

returning from the field in the evenings he switches on BOOND Patio
the 3 watt light bulb on the outdoor patio for an hour Cook/ e
. . study Pump Area
and a half around 7 to 8 pm, while four of his six young :
children study and his wife cooks dinner on the roti ® ® insidehouse
| never read the meter ... . . Find Check
oven. The family has an electricity budget of one rupee/ supplies animals

my cousin handles this.”

he checks the balance three to

four times a day, before and

after switching on/o the lights.
Sangeeta herself knows the dongle
needs recharging when there’s a
black out. She then finds some
rupees to give to Deepu to recharge
the dongle. She usually recharges
Rs. 30 at a time, which lasts about
eight to ten days.

day, which he meets by switching o the lights once the
routine of cooking and studying is completed. The other
light bulb and light tube are for “emergency only”, when
the family quickly checks on the animals safety and for
finding supplies in the storage room.

After cooking and mealtime is finished, the family lights
two or three kerosene lamps outdoors for washing

up dishes, doing household chores and socializing
during the remainder of the evening. He uses kerosene
lamps because he thinks they are cheaper than Boond
electricity, and the family does not need bright light for
the remaining tasks. His wife disagrees about the cost
of kerosene lighting, feeling that it is quite expensive
because they use not only the 1 litre of subsidised fuel
costing Rs. 17, but an additional 2 litres at the costly
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market price of Rs. 40 per litre, for a total monthly cost
of Rs. 97 (i.e. more than 3 times the amount of their
daily electricity budget)

Rakesh can not read English text, so he delegates
meter reading to his eldest daughter and son who
are in public school. His son, 6 years old, regularly
climbs up on a sack of rice kept below the meter
as a stool and reports the balance on the meter.
Rakesh is proud that his son taught himself to read
the meter by observing the lights and the balance,
and his son enjoys the task. Rakesh recharges the
dongle depending on cash at hand, usually Rs.
10-20 a day or two before his credit runs out.
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Laxmi lives in a spacious two-story
brick house with her husband and
two daughters. Laxmi convinced
her husband to sign up for Boond
service. The family uses the service
for two-three hours a day, using
the 3-watt light for the family room
indoors for studying and eating.

In addition to the prepaid service,
Laxmi also uses the family’s shs,
which they’ve owned for seven
years, mainly for lighting up the
cooking and washing up area in the
outdoor patio kitchen. But, when
there is not much sunshine and

the shs battery does not charge,
they use to the Boond outdoor light
bulb instead.

03/ Gathering Insights

“When | start charging my phone. It gets charged
in one to two hours and takes 2.25 rupees and in
this one [feature phone] 1 rupee.”

Laxmi herself keeps track of
spending by looking at the balance
on the display. She’s not sure what
the other flashing readings are, but
does not feel a need to find out.
Laxmi’s eldest daughter actively
monitors the meter, checking the
balance before and after use. She
figures out how much she has
spent by deducting the balance
from the last recharge. At first,

she timed how long it took to
charge her phone, checking the
balance on the meter before and
after charging. She’s not sure what
the “currency low” light is or why
it occasionally switches o . She
generally recharges the meter
when the balance is at three or four

rupees to avoid blackouts. There
are three phones in the household:
a Xiomi brand smart phone Laxmi
calls a “Chinese media phone” and
two feature phones. Laxmi charges
them on Boond’s system.

“We put the bulb here
because everyone sits
here and eats together.”

Laxmi recommends electricity to her
neighbours because the service is
reliable and she only pays for what
she uses. This is better than the

grid electricity service in the nearby
town — she has heard it is unreliable
and that there are power surges that
electrocute people and cause fires.

_______ SARVESH_

Sarvesh is in his early twenties

and lives in a large two-story

house with his father, mother,

and four brothers. His father is a
land owner in the area; his fields
produce leafy vegetables to sell

in the local markets. The family is
well-connected and was a catalyst
for bringing Boond into the village
and getting people to sign up. To
date, there are 28 households using
the service plus a few more late
adopters have signed up and are
waiting for installation. Sarvesh
has already seen the benefits of the
light. In the evenings the family and
labourers gather under the family’s
patio light to prepare vegetables
for the morning market. This frees
up time to work longer in the field

“If the electricity stopped we have to leave the
field earlier because we need to prepare our
crops before it gets dark. With electricity we
can stay in the field longer.”

during daylight and because they
no longer prepare their goods in

the morning, they get an earlier
start at the market, a competitive
advantage. Plus, the family stays

up later and spend time socialising
together in the evening which has
lifted a degree of boredom from the
evening ritual.

“We have so much to talk
about. So, now we can go
to sleep later because we
can talk with the light.”

Sarvesh maintains the system’s
five solar panels on the rooftop of
the family home, with the “Central
Station” meter installed below on
the second floor. He cleans the
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surfaces every week, and ensures
the batteries are maintained and
securely locked up. It is mainly an
unfinished storage area so he does
not spend much time up there.
After the last customer recharge
he noticed the “currency low” lamp
started flashing, but thought that
meant he had somewhere around
Rs. 50-100 left in his account. It
turns out that his account was
almost empty and the other night
he ran out of credits to sell. In turn,
he could not make a recharge for

a customer. The customer was
annoyed with him. Sarvesh was
able to order credits by phone that
night but they were not transferred
to his account until the next
business day.
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FIGURE 8

A participant demon-
strates how he ran an
experiment by timing
the light bulb to find
out how much electric-
ity costs for one hour.
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“.. ‘proximate literacy’ is the ability to rely on others
who either are su ciently competent in using the
device, or are literate and can take the user through
the steps requiring textual understanding.”

[Chipchase 2013, p.6]

experiments that they conducted to check
the cost of electricity. One described how he
checked his meter balance before and after
keeping a light on for exactly one hour, in
order to determine hourly cost (Figure 8). The
other said she checked the meter balance
before and after charging a simple phone and
then again for a “Chinese media phone” (a
low-cost smartphone) to compare the costs to
charge each phone (she reported that it cost
Rs.1and Rs. 2.5 respectively).

“It’s like on the phone when you get
it recharged you can talk. But when
there’s no rupees you can't.” [dkH3]
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3.3.3/Meter reading is often
delegated to others with
greater literacy skills

“I check the meter 3-4 times in a day
and | give updates to my mom.”
[Deepu, kkH4'’s young son]

Often the illiterate adults in the family,
usually those paying for the service, do not
monitor or read the meter themselves. Rather,
they delegate the task to their school-age
children, or depend on a relative living in
another household to do so. Chipchase (2013)
refers to this kind of behaviour as proximate
literacy — a strategy to overcome gaps in liter-
acy by asking more literate people for help. In
doing so, people entrust particular tasks, by
delegation, to more literate family members
or helpful neighbours. Based on the inter-
views, the main reasons for delegating meter
reading that emerged were not only low-tex-
tual literacy in the participants’ first language,
Hindi, and low numeracy (the ability to
understand and work with numbers), but also
no knowledge of English. This was confirmed
during the interviews when participants
were asked if they could read the English
meter text and describe its meaning. In most
cases they were unable to answer correctly.
In conclusion, in the design process it is
important to recognise that there may be
several people in a household that perform
various tasks to manage the account. This
ranges from reading the meter, to monitoring
spending and recharging the dongle.

FIGURE 9
The position of a

60-watt meter in one

of the households.

FIGURE 10
The 20-watt meter.

3.3.4/The meter placement
hinders engagement
with service

“Boond recommended to put it
up this high, to keep out of reach
of the kids.” [aaH3]

In many of the households, the meters are
installed at a height on the wall that makes it
very di cult to view the screen. While their
placement is within arm’s reach of the dongle,
in some cases this is 30 to 50 centimetres
above the eye level of a typical householder
(Figure 9). This is done to deter tampering
(electricity theft) with the meter. Indeed, the
position of the meter could be interpreted

as a signal of distrust toward the residents

of the home. Some participants said that
they either requested or were advised on the
high position to avoid unintentional damage,
mainly by young children. In addition to the
position of the meter, the English text printed
next to the indicator lights is extremely small
and fine which hinders legibility, particularly
in dimly lit rooms common to rural houses.
Another issue is that the small Icd screen
only supports two rows of 16 English charac-
ters each, which limits the amount of textual
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information that may be displayed. To tackle
these limitations, abbreviations of words are
used (i.e., “CP” for “consumed power”) and
present even further challenges to non-Eng-
lish readers (Figure 10). On the positive side,
the meter’s Icd display is backlit in bright
green which helps visibility in low-light
settings.

“Maybe kids can reach there and they
may destroy this meter, now no one
can reach there except my son.” [kkH4]
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ENERGY USE DECISIONS

FIGURE 18

The mix of energy
sources may include an
SHS, a pay-per-charge
auto battery and a
kerosene lamp.
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3.3.7/Boond is one part of a larger
household energy mix

The findings of the field research show that
most of the participants interviewed (21/22)
have adopted Boond's electricity service in
addition to at least two other energy sources
for their domestic needs. Only one of the par-
ticipants reported utilising Boond’s service
exclusively. In addition, 15 of the participants
reported owning an shs for between one to
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six years before the Boond service arrived in
the village. The results from these interviews
suggest that participants satisfy their light
and power requirements by managing a
number of sources to meet their lighting

and phone charging needs and budget, and
to ensure redundancy in the event one or
more sources fail. This mix of energy sources
includes Boond’s pre-paid electricity service
plus any of the following incumbent sources:

FIGURE 19

A participant discon-
nects phone charging
cables from the

Boond system and
reconnects them to

the SHS battery to
charge the family’s two
mobile phones.

a privately-owned shs?, kerosene, and/or auto-
motive batteries? (Figure 18). These sources
and their use by participants are shown in the
table in Appendix B. These findings present
an important insight that participants have

a variety of sources to choose from and,
therefore, may consider multiple factors
when deciding which energy source is best to
satisfy the task at hand.

“Both are good. It depends on that
person’s budget but according
to me solar panel [shs] is better
because we have to spend only
once. My second option is, that if
our solar panel is not working, in
that case we can use Boond by
doing a recharge.” [kkH3]

Data from the field research indicates that
participants frequently alternate between
energy sources, depending on the task-lighting
required. For example, some participants
reported that once work that requires bright

1/ A shs consists of a solar panel, a charge controller
and 12 volt battery for excess energy storage.

2/ The automotive battery may be accessed directly
from the participant’s vehicle (for example a tractor)
or it may be a “pay-per-charge battery”. A pay-per-
charge battery is a dedicated 12-volt battery that the
owner takes to a shop in the nearby town and pays a
service provider to charge.
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light, such as studying or detailed handiwork,
is completed, they switch o  Boond light bulbs
and turn on a portable led lamp (often charged
on an shs), or even light a kerosene lamp.

On the patio ... “we switch on Boond,
do some work, then switch ito and
burn a kerosene lamp.” [dkH3]

The reasons the participants give for switch-
ing is that the portable led lamp light is

su ciently bright, or that it supports tasks
that require mobility such as moving around
areas of the home, property or village that are
unlit. A mobile phone may also be used for
the same purpose — one participant demon-
strated that she uses her phone flashlight at
the kitchen stove, “to see better when | am
cooking”. Participants also described using
their shs exclusively to charge their mobile
phones because, as one participant stated:

“We charge the phone on the shs
because it doesn’t cost anything.
We don’t pay additional.” [aaH2]

Another participant demonstrated how she
switches wires from the shs battery to the
Boond outlet to charge her mobile phone
when the family’s shs battery is low (Figure
19). Multiple participants mentioned that
one of the Boond light bulbs was installed

in a strategic location in order to guard their
livestock from thieves. They make periodic
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FIGURE 20

The energy use matrix
shows the allocation
of energy source in
relation to low and
high demand of task
and perceived low

to high cost of the
energy source.
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checks or leave one bulb on all night as a
deterrent. Based on results from interviews it
may be concluded that the participants have
two core objectives when making energy-use
decisions: to utilise the energy source most
suitable for the task and to minimize their
overall energy costs. The energy mix matrix
above shows where the various energy
sources fit into “low/high demand” tasks and
“low/high cost” quadrants (Figure 20).

“There is a huge di erence from before
the light and now — | can look after my
cattle and can see if there is any snake
or other poisonous insect at night.”
[aaH3]

In terms of minimizing overall energy
costs, one way participants accomplish this
is to perform tasks under the same light

at the same time. Four of the participants
with children that study under Boond light
reported that they prepare their evening
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meals in the same room, at the same time,
and with the same light used by their chil-
dren for studying. During an interview, one
participant pointed out a Boond light bulb
that she requested be installed in a specific
location in the main room of her home so
that while her kids study under the light, in
her words, ‘some light reaches the kitchen’.
Several other female participants mentioned
a similar tactic for utilising light cast from a
distant patio light while preparing meals in
their outdoor cooking areas. These strategic
decisions indicate an e ort to choose the
quality of light best suited to the task at hand,
and multiple family members performing
tasks at the same time, if possible. However,
this clustering of activities under one
centrally-located light strongly suggests that
the other one or two lights included in the
Boond service package may be underutilised.
If this is the case, examining how the light

0 ering might more closely meet the needs
of customers could prove fruitful.

For many of the participants we
met, managing their energy mix
involves on-going workarounds to
ensure supply and to save money.
One participant’s setup in particular
demonstrates this type of activity.
Ayear prior to signing up for Boond,
Mr Lal (name changed) purchased
an shs. Mr Lal bought the system
outright. It included the solar panel,
a 12 volt battery and two light
sockets. Shortly after installing the
system, a storm swept through the
village. It blew the solar panel o of
the roof, damaging it beyond repair.
Nonetheless, Mr Lal continued

to utilise the battery that he had
invested heavily in by having it
charged at a pay-per-charge battery
service in a village five kilometers
away. A full charge costs Rs. 40 and
lasts for about two weeks of general
use; one light bulb in the evenings,
phone charging and occasional use

of a small fan.

In the meantime, Mr Lal’s son
signed him up for Boond’s service
and the system was installed. Mr
Lal prefers Boond’s lights because
the bulbs are much brighter than
the one on his battery-powered
system. Nevertheless, it bothered
Mr Lal that he was not using the
12-volt battery he had paid dearly
for, and he felt that it was cheaper
to draw from the battery for
lighting. He decided to cut one of
the led light bulbs from the Boond
system and rewire it to his 12 volt
battery. While making the change
he relocated the bulb to a doorway
so that the light shines into two
rooms, thus increasing the light’s
reach and usefulness (shown on the
before and after part of the floor
plan sketch in Figure 21). In the
end, he mainly turns on the Boond
5-watt light tube on the patio for

area
Auto
battery
Skylight Light
FIGURE 21 .
Afloor plan sketch tg‘é"e rrzlg%,(\alr
of Mr Lal's home _ ——
shows the location
of the relocated
light bulb and the Sleeping/storage room
reach of light (in |
yellow), and the 5 m_
Boond (in blue text) . 5w powered
and auto battery Patio bulb  [ight tube

appliances.

Sleeping/storage room

before

Cooking

security and to periodically check

on his animals throughout the night.

“It is cheaper to charge
the phone on the battery.”

Mr Lal’'s workaround is
significant in that he combined
existing resources to save money
and in doing so recoup some of the
losses he su ered from the storm.
The biweekly 40 rupee cost would
be comparable to similar that of the
prepaid electricity service, however,
add travel time and expense for
delivery to/from the charging kiosk,
and the battery isaless e cient
energy source. Nevertheless, Mr Lal
believes he is at an advantage with
his workaround. The implication
of the workaround is that Boond’s
service is being underutilised and
Rs. 40 is spent on a competing
energy source.

\‘/ |
gafter
Multipurpose
room

h Y

|

-+

0
rooftop

lBed|
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3.3.8/ Despite satisfaction
with prepaid electricity,
kerosene use continues

Results from several studies have shown

lamps in their cooking areas, which are often
outdoors where electric light does not reach.

For these purposes, the lamp supports a need
for temporary light as well as portability.

costs as higher than they actually are. For
example, a number of participants guessed
that the normal hourly price for a 3 watt bulb
is one rupee, but it is actually much less at 60
paisa. Participants have a more accurate idea

FIGURE 22

Kerosene lamps

are placed in dark,
well-ventilated areas
of the home for added

“We used diya (kerosene lamps). of their daily spending than the hourly cost
The places where the light is not because they check their balance daily, often
present we use diyas there.” [aaH6] before and after use.

that there is widespread dissatisfaction with
kerosene lighting (Urpelainen, 2016), and that
kerosene consumption is reduced with access
toa ordable, reliable solar-powered electricity

light and socialising.

THE LURE OF KEROSENE

The negative health and environmental impacts from burning
kerosene are well known (Lam et al., 2016; Mills, 2012). In addi-
tion to more widespread environmental impacts, at a household
level its impacts are eye infections and respiratory problems
caused by smoke exposure and inhalation, and house fires and
soot damage to the home. Many participants expressed they are
motivated to quit kerosene due to health reasons alone, and the
prepaid electricity service helps them to do this.

“Though the cost is a bit high, it is safe for kids — they
can touch wires and there is no danger of shock, no
eye problems ... it is healthier than kerosene, the
service is continuous, and no pollution.” [aaH7]

However, there is a hurdle to ending kerosene use entirely: the
government kerosene subsidy. In India, citizens in lower income
strata are entitled to subsidised kerosene (Jain & Ramiji, 2016).
In Uttar Pradesh, the government provides a 58% subsidy on
one litre of kerosene per household per month. This means that
instead of paying Rs. 40 in the free market (or more), every family
receives one litre of kerosene for the subsidised amount of Rs. 17.
While the subsidy has been a fixture in the financial lives of the
lower income groups, change is occurring. As recently as 2017,
the subsidy has been reduced in an e ort to shift consumption
away from petroleum products to clean energy (Garg et al.,
2017) and to more e cient use of fiscal resources. Despite these
changes, some participants continue to burn kerosene lamps.
This could be a combination of customs, preference, perception
of cost, and it could be the government subsidy provides
much-needed needed relief to the consumer, and in doing so,
encourages consumption.
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(Aklin, 2017). A study into kerosene alterna-
tives (Jain & Ramiji, 2016) found that amongst
rural people there is overwhelming support for
capital funding for solar lanterns in exchange
for a reduced kerosene subsidy. When asked,
participants in this study reported that they
consume less kerosene since using Boond'’s
prepaid service. Nonetheless, despite a desire
to quit using kerosene, nine out of 22 partici-
pants said that they persisted with its use to
meet some of their lighting needs.

“I buy 2 litres now. | used to buy 5 litres
of kerosene before Boond.” [aaH3]

Given the other options available, why
is kerosene still in use? Kerosene in India’s
energy supply is a complex issue, influenced
by economic, cultural and political interests
(Jain et al., 2015; Jain & Ramiji, 2016). These
issues aside, in addition to being perceived
to be cheaper than Boond, a kerosene lamp
provides two qualities of light that are not
met by Boond lights: portability and soft light.

Not to be confused with the bright light
emitted by a pressurised or hurricane
lantern, the participants in the villages burn
a single-wick lamp that provides a soft light
similar to a candle flame. A kerosene lamp
may be burned for soft lighting in a part of
the home where there is no light bulb. For
example, one participant burns a lamp nightly
to light a well-ventilated stairway. Also, she
occasionally carries the lamp to other loca-
tions in the home, for example to the rooftop
to provide light while cooking on roti oven
and to an unlit storage room to find supplies.
Several other women reported using kerosene

Soft light illuminates a dark area of the
house to create a sense of security (Figure
22). Itis also supports low-demand tasks
such as socialising on the patio. Given that
the Boond lighting is recognised for its bright
light, and perceived as being expensive in
comparison to their other lighting options, it
is conceivable that customers make a correla-
tion between the brightness of light and their
perceived (high) cost of the Boond service.
Cost-conscious customers who can choose
between soft light options, such as kerosene
or led lamp, and Boond’s bright light, may
choose soft light because it is dimmer, and, so
they believe, saves them money. Or, they may
be choosing soft light for aesthetic reasons. In
either case, Boond’s light does not meet cus-
tomers’ need for a certain quality of lighting.

Boond lighting is far brighter than port-
able led light strips or compact fluorescent
bulbs powered by an shs. Participants often
commented that the best thing about Boond
is the brightness of light, but that the service
is costly. Despite these accolades, partici-
pants do not appear to take the energy e -
ciency of the Boond service or lighting quality
into account. Apparently, in some situations
the quality of light does not bring enough
value to warrant spending the extra money.

3.3.9/Boond is perceived as more
costly than it actually is

Participants use guesswork to estimate the

cost of their Boond electricity usage, and in
doing so it appears they estimate electricity
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“Only using it for LED bulbs cost us
around 400 rupees in a month, despite
only using it for some hours.” [aaH3]
According to meter data, the maximum this
customer spent per month was Rs. 100.

Longer-term spending on Boond proved
more problematic to estimate. Participant
showed a tendency to overestimate the
amount they spend per month, sometimes
by 3 to 4 times, when compared with their
actual meter data. There are several factors at
play to suggest they simply lose track of their
spending over time. Generally, customers
recharge in small, frequent payments as
their income allows. These multiple, sporadic
recharges over longer periods of time are
more di cult to track than one or two regular
longer-term periodic payments. Apart from
an account ledger kept by the entrepreneur,
the only o cial record is on the dongle, and
that amount changes with consumption. As
a consequence, customers are left to keep
their own records, review the account ledger
or to guess. This is significant because when
energy-use decisions are being made based
on costs, the cost of Boond electricity is
inflated against more established and easily
guantifiable sources such as kerosene or the
pay-per-charge auto battery.

“As it costs us quite high, so we use it
only as per our requirement. We use
it at dinner time or if we have to do
something outside, we switch o the
light inside the house, or if we have
some work in the house the switch o
the light outside the house.” [aaH7]
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DESIGN PROPOSAL

This chapter proposes four service improvements | designed
for prepaid electricity through village microgrids based on
the insights from field research and resulting opportunities
for design. While the solutions are informed by the field-
based research, these solutions may apply more broadly

to microgrid and prepaid electricity services contexts.

The chapter begins with a brief introduction to the design
process, and then describes the process for generating
ideas and evaluating them, including feedback and a system
mapping exercise. Next, four design solutions are presented,
with the process also described in detail to enlighten the
rationale and final outcomes. To close, the relevance of the
proposed solutions to the main actors in the service are
illustrated in an updated main service actors diagram.

GENERATE
IDEAS

Shortlist of
initial ideas

Figure 23
The design

proposal process.

Development
questions

EVALUATE S RESEARCH & DESIGN
IDEAS DEVELOPMENT PROPOSAL
Client System 4 Solution DESK RESEARCH
feedback visualisations proposals
\l, Redesign the i Rechargeable
i meter interface electric lantern

SKETCHING VISUALISING FEEDBACK WRITING

4 .1/THE DESIGN PROCESS

The design proposal process began by gener-
ating ideas from the opportunity questions
developed in the analysis phase. Then, ideas
were shortlisted and evaluated using client
feedback and a visualisation exercise. Next,
four ideas were chosen to develop further
and development questions were written to
guide the design research. Design techniques
including sketching, visualising, and scenario
writing were used to elaborate the designs.
Feedback from the client provided evaluation
and feasibility advice, and desk research sup-
ported the work throughout. The meter inter-
face and messaging service were designed

in parallel — learning from one informed the
other. Next, the rechargeable lantern and
entrepreneur training were developed. The
process is illustrated in Figure 23.

4.1.1/1dea generation

A set of initial ideas was generated in
response to the opportunity questions. Next,
ideas that were deemed technically unfeasi-
ble or not frugal were eliminated. Ideas with
the most potential were shortlisted to the
preliminary ideas shown on the following
page in Table 3.

POWER TO THE PEOPLE

4.1.2/Client feedback

The ideas were discussed in several phone
meetings with Boond throughout idea devel-
opment to explore the level of interest and
technical and business viability. The feedback
is summarised as follows:

/ Some modifications to the existing meter
model were well received.

/ The sms messaging, mobile pay, and the
entrepreneur’s role in behaviour change
ideas were encouraged.

/ The kerosene-related ideas were
discounted because the subsidy is an
energy policy issue and the low energy
consumption for charging a lantern does
not support the business case.

/ Hardware changes related to Boond'’s
meter/lighting were met with resistance
due to additional costs they incur.

/ Redirecting excess energy supply to a vil-
lage-based service was previously investi-
gated by Boond and deemed unprofitable,
therefore, it was not of interest.

The feedback was balanced with the broader
role | envisioned that design could play in the
service. This meant that | eliminated some

of the design ideas that garnered an unfa-
vourable response, and | retained those that |
believed justified further investigation by the
design process.
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TABLE 3

Opportunity questions
and the short listed
preliminary ideas.
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OPPORTUNITY QUESTIONS

How might Boond build the
capacity of Entrepreneurs
to be better promoters and
ambassadors of their service?

How might the meters
communicate more e ectively
to a broader profile of users?

What is the most e ective
application of mobile
communication, given feature
phone use, in a frugal context?

How might people be
incentivised to shift away
from kerosene?

How could Boond’s 0 ering
more closely align to
customers’ electricity

SHORTLISTED PRELIMINARY IDEAS

Hands-on training on service and meters
Training customers on installation day
Customer to customer support/training
Introduction videos provided on phone, YouTube
Village meeting/event at installation completion
Annual entrepreneur party, entrepreneur award
Annual Boond movie night in the village

Lower meter to eye height of adults
Small catch/lock secures dongle from children

Children’s “Boond stool” for reading meter. Kept on wall, printed
with fun/educational electricity facts

Sticker on meter with prices, website, contacts, and poster.
Audio alerts, choose from a menu of ‘ringtones’
Rename pricing levels: Economy, Peak, Emergency.

Service information in video/audio (via SD card)
Entrepreneurs employ mobile pay to buy/sell credits
Boond radio and podcasts/mp3s
SMS Messaging Service:

- Monthly account summary

- Daily deals when excess supply, e.g., 2 for 1

- Refer a friend, earn credits

- Price alerts, check balance, contact support

Swap kerosene subsidy coupon for prepaid electricity credits
Cost comparison tool — kerosene to prepaid electricity
Price comparison sticker on kerosene lamp

Kerosene lamp replacement service: third party provides lamps
on a buyback scheme. Boond provides a discounted rate on
charging appliance during the day.

Rechargeable cfl bulbs, unscrew and transform into a portable
lamp at night

Motion detectors on outdoor/paddock lighting
Collar lights on livestock, charged on electricity

needs? Light dimmers on bulbs — two to three light levels
Village communal services (e.g., charging station) powered by
surplus energy, run by entrepreneur or a customer
4, 1.3/System visualisations the Boond system for entering at the
village and household level, and individual
Next, I conducted a visual analysis of the household energy use. The sketches — both

ideas to investigate their potential. | sketched  the making and their tangible results —

the context of the service at various scales, clarified my understanding of the systems
focusing on interactions in the systems that and the transactions that take place in

Boond operates in. The scales were: the state them. In doing so, | was better able to
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and district, stakeholders and customers, relate the preliminary ideas to the parts of

the system they address. Next, | situated the
FIGURE 24 ideas in the systems and hypothesised about
Systems visualisations  their feasibility, viability and desirability
sketches, clockwise using the sketch as a background. I did this

from left: Boond at the L. . L
village and household by writing the idea on a note and placing it

scale: transactions on the sketch, and then wrote questions and
between the main ideas on another note (Figure 24). Based on
service actors, explor-  the discoveries from this process, | elimi- The four ideas developed in the design

ing systems for sharing  nated some ideas, and then refined four ideas  proposals are:

excess energy supply. - 4 geveloped development questions to
Boond at the state and

district scale: a cus- further explore their feasibility. These |dea§
tomer's energy source ~ Were then explored and developed to solution

interactions. proposals presented in the next section.
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/ Entrepreneur capacity building program
/ Redesign the meter interface

/ Boond sms text messaging service

/ A Rechargeable electric lantern
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4.2 [THE DESIGN
SOLUTIONS

4.2.1/Entrepreneur
capacity building
program

Development Questions

/' How would a training program
be e ciently delivered to the
entrepreneurs?

/ What other support could Boond
provide to the entrepreneurs?

The initial idea was to provide
training sessions that build the
capacity of the entrepreneur so
that he/she is better able to train
customers and support them on
an on-going basis. Given that both
the entrepreneur and Boond sta
are on site during the installation
period in the villages, it makes
sense to fit the training into this
time frame. In addition, training
could be carried out using the
installed equipment, thereby
promoting learning by doing.

The entrepreneur training
consists of four steps: sales and
customer support, the microgrid
and central station, and the

household system and meters and

step 1: Boond trains the entrepre-
neur on the microgrid system.
step 2: Boond trains on the service
and central station and house-
hold meters.

step 3: Entrepreneurs train the
customers on the service and
meters in the evening when all
members of the household are
likely to be at home. This is done to
provide consistent information and
a good start to the service. Training
could be supported by how-to
videos shown on the entrepre-
neur’s phone and may be uploaded
to customers’ phones for future
reference.

step 4: Once the entire village
installation is complete, Boond
holds a village workshop training
for entrepreneur and all customers
to address any outstanding issues
and questions.

The training could be part of a
larger resource, The Entrepreneur’s
Toolkit, consisting of:
/ Information and training
videos on three topics:
- Service introduction video
explaining the service includ-

- Microgrid maintenance
and central station meter
user guide.

- Household system mainte-
nance and meter user guide.

/ A quick reference visual guide
to the central station meter and
the household meter interfaces
provided on laminated cards.

/ Maintenance guide for microg-
rid including cleaning process
and schedule.

/ An incentive program could
provide a flat fee bonus when
an entrepreneur signs up a new
customer. In addition rewards
could be given for re-sale credit
payments made by digital or elec-
tronic bank payment. The idea is
to incentivise entrepreneurs to
encourage their customers to pay
for recharges with mobile pay.
This then establishes funds in
the entrepreneur’s bank account
to purchase resale credits by
digital payment.

This is a preliminary list. Further
research into entrepreneurs’
practices would go a long way

to revealing how best to support

Recharges

avillage meeting (Figure 25). ing pricing and features their work.
Village
Village confirmed System Household installation
installation installations complete
@ @ L @o—9o—9o—0o o 0O
STEP 1 STEP 2 STEP 3 STEP 4
Entrepreneur B - E trains on B - E trains E - C trains households Boond holds
contracted service sales on microgrid, on installation day avillage
& support CS meter Video, Demo meeting
Video, Demo Video, Demo,
Q&A session
FIGURE 25

The entrepreneur
training model.
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Multiple screens
with overly technical
information.

Terminology is
unclear.

English isn't widely
understood.

Signal light colours

INPUT SENSE
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FIGURE 26

The electricity meter
before the interface
redesign, annotated
with the identified
problems to be
addressed.

4.2.2/Redesign the
meter interface

Development Questions
Within the given confines of the
existing meter design:

/ What improvements could be
made to the meter interface to
help customers understand their
energy use, prices and spending?

/ What language should be used on
the meter?

/ What extra measures could be
taken to communicate with low-
literacy users?

BATTERY

Logos take up valuable
“real estate”.

OUTPUT DONGLE

and price flash are
counterintuitive.

Space around LCD display
and indicator lamps is
underutilised.

THE DESIGN PROCESS
Investigations were carried out by
using a photograph of the 20 watt
meter as a template for redesign.
Design ideas were directly overlaid
onto the photograph on computer.
This approach provided direct
feedback on ideas, identifying new
possibilities, problems and ques-
tions which were, in turn, explored.
Some ideas were abandoned, others
evolved into the solution dis-
cussed below.

The solution is first presented in

a snapshot, above, and in detailed
“before” and “after” images in
Figures 26 and 27. The before
image presents a photograph of the
existing 20 watt meter interface
annotated with identified prob-
lems, followed by the after image
which presents the redesigned
meter interface and detailed

POWER TO THE PEOPLE

annotations.! Following these two
images a more detailed rationale is
presented.

Based on feedback from Boond,
the solution assumes that the exist-
ing meter form, functionality and
layout would not change for future
installations, but that program-
ming and parts could be modified.
Boond’s meter engineer provided
feedback on a draft design. That
feedback has been integrated into
this proposal. A next generation
meter with fewer constraints is
proposed later in this section.

1/ Only the 20 watt meter is pictured
because it is the most popular meter.
However, the same improvements apply
to the 60 watt meter, which has one
additional price lamp.
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LCD DISPLAY

Many of the problems with the display were identified during fieldwork.
The following analysis describes the main issues with the three alternating

screens on the display (Figure 28).

FIGURE 28
The existing meter LCD display screens one,
two and three

Screen one: The term “Power” is
vague. Balance is the most import-
ant information; therefore, it should
appear first.

Screen two: “CP in P1/P2” (con-
sumed powver in price level 1 and 2)
language is cryptic. In addition, the
reading is for total consumption
from initial commencement of
the service.

Screen three: The Voltage and
Current data is diagnostic informa-
tion for technicians, which can be
accessed remotely. As this informa-
tion is of no relevance for custom-
ers, removing the screen entirely
from the display would reduce the
cognitive burden on users.

The redesign proposes reducing the
display content to two alternating
screens, and rationalising the infor-
mation into account information
and consumption information, as
illustrated below.
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FIGURE 29
Proposed screen one

New screen one, account
information:

k@ Actual balance
remaining in the prepaid account
in real time
FMORTH? Displays accumulated
spending for the active month.

Accumulated monthly consumption
is proposed to address the tendency
to overestimate monthly spending
on electricity. If a customer knows
how much they are actually spend-
ing per month, then cost compari-
sons between electricity and other,
more easily quantifiable energy
costs would be more accurate. This
is particularly relevant to kerosene
because spending is tracked on a
monthly basis due to the govern-
ment system of monthly rations.
(Figure 29)

FIGURE 31 :\

Displaying the real time
consumption enables
users to correlate cost
to consumption and
demonstrates trans-
parency in pricing.

%:K.bOI

FIGURE 30
Proposed screen two

New screen two, real-time
consumption information:
FEoHOUES Real-time spending in
rupees per hour informs users
about the cost of the electricity they
are actually consuming.
bLHOLUE S Real time energy con-
sumption in watt hours informs
users about the amount of energy
they are consuming, which can be
correlated with the cost per hour
reading above (Figure 30).

The combination of the two data
points demonstrates transparency
in pricing. Providing accurate and
transparent data could go a long
way in building Boond’s credibility
(Figure 31).

DISPLAY LANGUAGE

The LCD display language remains a challenge. Outstanding issues are
design for a low-literacy context, limitations to the display technology and

the appropriateness of English. In response to these challenges, | designed

the following three approaches.

(]
L2 [= B £ 1 B

FIGURE 32

Devanagari text on a 2 line x 16 character
LCD display. In this example, some charac-
ters take up both lines on the screen.

Hindi display

The Hindi labels printed on the
meter face imply that the LCD
display language be the same. The
meter engineer confirmed that
the LCD display language can be
changed to Hindi by programming
a custom Devanagari script char-
acter set. The display programming
would be part of the normal work
flow (once the characters are
programmed).

However, there are technical chal-
lenges that raise several questions.
These include:

/ Would there be enough space
for longer Hindi expressions
on the 2 x 16 character screen?
Abbreviations are problem-
atic as demonstrated in the
current meters.

/ How would more complex
Hindi characters render on an
LCD screen, as demonstrated
in Figure 32?7

/ Because the term “Balance” is
well recognized, should there
be a break in protocol by using
this English word?

BALANCE -THG IM  R/HOUR - TRa Wl &L

MOHTH - 0 T T W-HOUR - JEal HeT gl Ui

FIGURE 33
English display with Hindi
translation label.

English display with

Hindi translation

The second approach is an English
display with an English-Hindi
translation of each screen printed
on the meter (Figure 33). This
approach a ords more nuanced
descriptions than the display is
capable of, for example “R/Hour” is
translated as “spending per hour”.
With English as the default display
language, other languages may be
easily shown in print. One draw-
back to this approach is it requires
users to correlate two languages/
alphabets between screen and
print, which may be an obstacle for
less literate users.
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FIGURE 34:
Symbols display with Hindi
translation label.

Symbols and translation legend
A third approach is to replace text
with basic shapes in the display
(Figure 34). A printed legend above
the display provides an explanation
in Hindi (or other language). Like
option two above, this approach

a ords more nuanced descrip-
tions and other languages may be
easily accommodated. “Balance”

is included due to its recognition,
and to visually di erentiate the
two screens.
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POSITION THE METERS AT EYE LEVEL

Meters should be positioned at eye level where it is convenient for adults
and school-age children to view. A younger child may step up on bag of rice
or other aid, as they already do, to view a meter that has been secured from
the reach of toddlers. In addition a security latch could be placed on the
dongle. A photo of the current meter position juxtaposed with the proposed
meter placement is shown in Figure 35. A sketch illustrates an adult and
school-aged child at the meter out of reach of a toddler (Figure 36 ).

FIGURE 35

The existing meter
position (left) and a
retouched version illus-
trating the proposed
position (right).

FIGURE 36 (TOP RIGHT)
Adult and school-aged
child with a stool are
able to get close to the
meter, while it is out of
reach of a toddler.

BEFORE

FUTURE SCENARIOS
FOR METERING:

NEXT GENERATION METER
The meter interface redesign
process inspired ideas that were
not applicable to the existing
meters, but which could be applied
to the next generation meter. These
ideas were driven by questions
of how to communicate account
information to low-literacy users
in a non-textual way. Colour and
sound were two techniques that
stood out as possibilities. In order
to explore those, | had to break
away from the confines of the
current design and imagine the
next generation meter in the near
future, and respecting a frugal
approach by building on the
current meter design.

Projecting into the future, it
is likely that networking Boond’s
meters through cellular service will
be more a ordable. This presents
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an opportunity for Boond to track
usage more precisely and provide
real time feedback to customers.
The microgrid would be connected
to the electricity grid. Villages are
both consumers and producers

of energy, thus, profitability of

the service has increased because
surplus supply is sold to energy util-
ities. The cost of sound, display and
led light technology have lowered,
and their capacities increased, thus,
making them more apt for the frugal
requirements of the meters, thus,
more easily demonstrating the cost
advantages of Boond’s services over
other energy sources.

Three main ideas are demonstrated
in Figure 37.

/ Bold colours could be employed
to communicate the state of
the account. Not only does
colour substitute (OR supplant)
the need for text, colour calls
attention to the meter by visual

cues. Coloured led lights would
spray down on to the meter
face sending a more definitive
message than the smaller exist-
ing indicator lamps. A green
indicator light glows constantly
when balance is in positive
supply. A red light replaces
green when the balance is low
or at zero. A blue light glows
when the dynamic pricing is

in effect.

/ A small speaker would sound
an alert when the balance is
low and when peak pricing is
activated. A selection of alert
ringtones could be 0 ered at
installation.

/ Afiner resolution screen
would provide the necessary
definition to support vernac-
ular scripts. All information
would be displayed on a single
screen, thus, making it easier
for customers to review their
energy use information.

B@ONDﬂ

cngsomx )

MCE: R@22. 68
fm?b?m RO30. 88
p/HOUR: RE81.20
{0 HOUR:

\

FIGURE 37

The next generation
meter in various states.
Top: balance positive and
peak pricing in effect.
Right: balance low and
dongle disconnected;
balance positive and
normal pricing.

POWER TO THE PEOPLE
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FUTURE SCENARIOS
FOR METERING:

Balance
Rs. 5.50

Recharge today

FIGURE 38

The Balance App screens one to three. The
background colour gradient transitions from
green to red depending on the balance level
(i.e. green high, orange medium, red low).
Users are prompted to recharge based on
their average daily consumption.

68 04/ Design Proposal

Active Recharge for June 2021

Rs.40

June 28

Rs.5.50

Now

Account History

1
120 20

100 90

June  May  April March Feb  Jan

< @] O

THE BALANCE APP

Imagining a perfect storm of more
a ordable smartphones, improved
network coverage, rising incomes
and expansion of prepaid service
reach, it is worthwhile to explore
how account information may

be communicated on a smart-
phone application. The Balance
App provides both real-time and
historical account information
and links to mobile payment
platforms (Figure 38).

Screen one: A home screen with
the meter balance would bring
real time monitoring to people’s
fingertips. Bold colour conveys
the state of the account (green =
high, red = low), and corresponds
with the lamp colours on the
proposed next generation meter
interface. Customers may pay
the entrepreneur through the
recharge link to a third party
digital payment platform.

Recharge History

June 2021

May 2021

. Government Clean Energy Subsidy

added to your account: Rs. 20.00

Screen two: A level marker shows
the current balance in the active
recharge. Colour corresponds to

the home screen state. The account

history is shown in a bar chart to
display monthly spending over the
past six months.

Screen three: The recharge history

is shown in a calendar format.

The calendar shows all activity,
including any deposits made by
external agencies. Depicted here is
the speculative government “clean
energy” subsidy deposited directly
into the customer’s account.

While the content is designed to be

visually rich to reduce the chal-
lenges of reading written text, it is
worth considering that di erently
literate users would adopt tools

to support reading and texting.
Accessibility applications such as
text to voice, video and voice mes-
saging ease navigation and reduce
typing and reading (Bellman, 2017).

4.2.3/SMS text messaging
service

Development Questions

/ How would a text message
service work?

/ What data is possible to text
automatically?

/ What notifications would be
important? What would be useful,
helpful, delightful?

/ How to make message content
accessible to low-literate users?

/ What considerations do shared
phone and proximity of the phone
to the home/meter raise?

Note: For the purpose of this thesis,
messages are shown here in English.
It is possible that in actuality mes-
sages would be in the local language.

THE DESIGN PROCESS

The initial idea envisioned using
visuals in place of text where
possible. I investigated the pos-
sibility of using images in text
messages on feature phones and

Recharge

soon!

FIGURE 39

Simple messages would
employ emoticons and
colour to augment the text.
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discovered that they do not support
images or emojis. In response, |
propose that text be minimal, with
an emphasis on numbers, and that
text-based emoticons and colour
further communicate the message
content (Figure 39). | acknowledge
that some users will require help to
read the messages, and that while
this practice exists, it is not ideal.

The initial idea was a text message
service that provides real time
balance and price alerts and a
monthly account statement to
customers. In turn, customers
could request account information
and contact customer service.

I sketched a plan of the service,
mapping the events that would
trigger messages and requests
along a typical monthly cycle
(Figure 40). Two key issues
emerged from the plan. The first
was the high quantity of messages
the plan generated. | identified
that if there were two recharges
and one price change, nine
messages would be sent in an one

month timespan, and concluded
that this quantity and frequency

of messages would be burdensome
for the customer. Related to this,

I suspected that a service of this
scope would likely be expensive

to deploy and maintain (feedback
from Boond confirmed this hunch).
The second issue was an oversight
that the balance of the household
meter is not communicated in

real time to the service database.
Although the central station meter
is networked, the household meters
do not have cellular network
capability due to the prohibitive
costs of equipment and data plans,
and spotty rural cellular networks.
This eliminated one of the main
drivers for the service: notifying
customers about their low balance
on their phones. Despite these
obstacles, | saw the potential that
text messages could bring value to
customers. | re-oriented my ques-
tions toward what was possible for
an automated system and how that
data could align with customer and
business needs.

TexT to
¢€ , CuSTomer SERVIE
Corniad ™ Sieck gausnce
Atepr {23

FIGURE 40
Preliminary service
plan based on a one
month cycle.
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FIGURE 42

Sketches of a converted
metal kerosene can with
charging cable and a wire
handle, and a converted
bottle on an external

4.2.4/Rechargeable
electric lantern

Development Questions

/ How might a lantern o er a viable
kerosene lamp replacement?

/ What are some frugal ways that
a lantern could be introduced/
integrated into the kit?

/ What role might a new clean
energy subsidy play in the uptake
of the lanterns?

A portable, rechargeable electric
lantern is proposed to address
on-going kerosene use, an expen-
sive fuel that provides poor quality
lighting. A rechargeable lantern
would provide an alternative to
kerosene lamps, which people still
value for their portability and soft
light. The lantern could replace one
of the 3-watt light bulbs in Boond’s
installation, thus, diversifying

the lighting product o ering to
more closely align with people’s
needs. This attention to customer
needs would position Boond at

a competitive advantage as the
market becomes more crowded
with electricity service providers.
Spending on kerosene would shift
to electricity, providing customers
with better value for money and
increased revenue for Boond.

battery base.
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04/ Design Proposal

THE DESIGN PROCESS

The design process began with

the question: What if the current
Boond installation could be adapted
to include a portable lantern,
keeping in mind frugality? Some
criteria | set based on the research
findings were:

/ The lantern’s rechargeable
battery would be charged on
the Boond system

/ It would have multiple bright-
ness modes:

- low for an ambient
quality of light

- medium and high for task
lighting.

/ It should be easy to carry and
adapt todi erent spaces,
for example be capable of
hanging from a ceiling hook or
tree branch.

Several preliminary ideas were
elaborated in design trials and
explorations. As such, these ideas
are o ered as a starting point rather
than a final conclusion, they are
discussed next.

THE CONVERTED

KEROSENE LANTERN

An early idea was to convert
customers’ existing kerosene lamps
into battery-powered lamps. The
lamp vessels (bottles, cans and
metal tanks) could be cleaned, the
old wick removed and replaced
with a mini led bulb and wiring,
with a rechargeable battery pack
inserted into the vessel or attached
externally (sketched in Figure

42). Facilitation and materials

for converting the lamps could

be provided by a local ngo, with
labour carried out during commu-
nity workshops in the villages.

The converted lamp idea
satisfies some frugal requirements,
such as using locally available
materials, labour and the villagers’
ingenuity. On the downside, poor
durability and dim light would be
immediate concerns. The logistics
of collecting the lamps and re-pur-
posing them — they come in myriad
shapes, sizes and materials —would
be quite complicated. And then,

Kerosene lantern vessels
come in many shapes, sizes
and materials. Some are
purpose built and others
are fashioned from found
objects such as this chem-
ical canister. The sketch
over the photo illustrates
how this lantern might
look once converted into
arechargeable lantern.
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FIGURE 43
Concept sketches
and an early photo

vis
re-

bulb lantern.

FIGURE 44 (LEFT)
The custom made
lantern charges via a

us

outlet and includes a
built in handle.

FIGURE 45 (RIGHT)

Af

evokes the kerosene
lamps that the
lantern replaces.
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there’s the question of whether
people would be willing to part
with their lamps ,which serve as an
important backup light source in
the event that electrical sources fail.
Technicalities aside, converting
the lanterns might prove valuable
for engaging communities in
discussion on the topics of energy
consumption and clean energy at
a policy level. Along those lines
a converted lantern as an artifact
could be introduced to prompt
discussion, an object of speculative
design. The lamp as an artifact
could be fashioned in such a way
that it symbolises the transforma-
tion from the old ways of lighting
with kerosene to modern, e cient
clean energy. How might a lamp
such as this provoke dialogue about
kerosene subsidy and clean energy
policy? This could be an interesting
object for speculative design, an
approach that uses design as a
tool to create things and ideas to
imagine possible futures.

ualisation for the
purposed 3-watt

RE-PURPOSED 3-WATT

LIGHT BULB LANTERN

The next exploration began with
the idea to re-purpose one of the
existing 3-watt led light bulbs from
a mounted wall light into a portable
lantern that could be plugged in,
and charged, directly to the wall
socket (similar to a night light, but
bigger and brighter) (Figure 43). A
frugal use of materials and labour
were the main drivers behind this
lantern idea. However, preliminary
research revealed a number of
technical constraints. The size and
weight of the battery would be
excessive for wall socket charging,
and dimming the led bulbs (if fea-
sible) would require extra hardware
that would add to this weight.

CUSTOM MADE LANTERN
Therefore, | rethought the

idea to a custom-made, cable
charging lantern using a smaller,

dimmable 3-watt bulb (Figure 44).

A frosted plastic shade protects
the bulb and di uses the light.
One version explored the idea
of a flame-shaped protector

as a nod to the kerosene lamp

it replaced (Figure 45). Ideally,
the lantern would be built with
the same frugal approach as

the existing installation, using
Boond’s expertise, networks and

readily available parts and labour.

Retailing the lamps under the
Boond brand to a wider market
could justify the up-front costs of
custom manufacturing.

B cable in the wall

lame-shaped shade

04/ Design Proposal

FIGURE 47

Lanterns fill a need for
portable lighting. The
SunKing lighting unit
adapts to a hand-held
version. This suits
active tasks such as
corralling livestock at
the end of the day and
making security spot-
checks throughout
the evening.

FIGURE 46

The SunKing Solar
lantern may be used
as a desk lamp or

hung as a ceiling light. ——

(photo: Greenlight Planet)

E

MARKET-READY LANTERN

A third option would be to work
with an existing lantern. There are
many battery-powered lanterns
already on the market. Some of
these have been designed for
rugged conditions and priced for
frugal markets. One example is the
SunKing solar-powered lantern
produced by Greenlight Planet
(Figure 46). The light unit has
several brightness settings and
can be detached from the stand for
hand-held use (Figure 47), and the
stand doubles as a hanger. Boond
has already adapted a version of
the lantern for its school lighting
program; the out-of-the-box
lantern normally charges directly
from a separate solar panel, but

it was adapted to charge on the
school’s microgrid system. This
kind of approach could be extended
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to the household context. Working
with an existing, proven product
would be faster to deploy and likely
more a ordable for customers than
custom design and manufacturing.
It is acknowledged that theft,
damage and loss are risks that
would require some mechanism
to minimise or prevent. Creative
financing could be arranged, such as
a financing model where a portion
of the prepaid credit goes toward
outright ownership of the lantern.
An outstanding issue that needs
to be addressed is that the lanterns
might be charged from other energy
sources, such as an shs. This would
undermine the lantern’s potential to
increase consumption of the prepaid
service. Further investigation into
how to deter charging from other
sources, for example a hardware fix
or incentives, may be required.
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The Boond service incorporates a number
of frugal innovations to respond to some of
these challenges, particularly use of o -the-
shelf simplified components, a pay-as-you-go
business model, a smart meter and recharge-
able dongle, and local hosting and mainte-
nance. However, despite these and the clearly
positive impacts of the electricity service on
villagers'’ lives, uptake of the service is lower
than expected, threatening the business’
viability. Previous studies have sought to
analyse and address these challenges from
economics and engineering perspectives.
However, they have not investigated custom-
ers daily interactions with the service, and
importantly, with the new smart meters. In
contrast, this thesis seeks to understand the
obstacles facing prepaid smg services from
an human centered design perspective. By
investigating the daily energy practices of
individual users, its unique contribution is in
better understanding how their interaction
with the service influences its value, usability
and viability, and how these challenges can
be addressed using a constructive design
research approach.

The Boond case study led to a number
of design insights that have implications
for the viability of prepaid microgrid solar
services in rural Indian villages. Customers
currently use the prepaid electricity service
to supplement several preexisting energy
sources. These incumbent sources are often
perceived to be lower cost and, in some case,
better suited to the task at hand, creating
competition for the Boond service. The case
study shows that, in these cases, the Boond
service will only be used when it clearly rep-
resents a cost and suitability advantage over
incumbent energy sources. Another main
insight was that the meter interface design,

05/ Discussion and Conclusion

its placement in the home, and low customer
awareness of the service’s pricing indicate
that the meter fails to influence behaviour

as intended. The study revealed that in

many cases the entrepreneurs — the key link
between Boond and customers — are missing
some training that could help them to better
play their critical role.

Given the contextual challenges, the
design solutions proposed in this thesis
are incremental, rather than breakthrough,
in nature. These include making the meter
interface more understandable for di er-
ently literate users, adjusting the meter’s
placement to make it more accessible to all
householders, extending the capability of
the meter with an SMS messaging service,
ensuring the necessary capacity-building of
the entrepreneurs and adapting the Boond
lighting o er to better fit peoples’ needs.
Drawing on recommendations made for the
development sector, in situations similar to
the frugal context of rural India, evolutionary
solutions that support existing services are
often more realistic, and can produce greater
impact, than revolutionary ones.

This thesis demonstrates that field-based
constructive design research can provide
valuable insights into how villagers in rural
India use prepaid electricity services. The
resulting design solutions proposed in this
thesis are some examples of how human-cen-
tered design can improve the viability of
these frugal solar energy services. While
design alone can not solve all the contextual
challenges facing these services, it can make
avaluable contribution to the introduction
and long-term sustainability of these ser-
vices, and thereby significantly improve the
lives of the many currently under served rural
Indian villagers.

5.5/cLOSING THOUGHTS

My time working on this thesis has been

an interesting and rewarding process. This
thesis has stretched my skills and knowledge
of design research and service design beyond
my expectations. When | began the project,

I knew little or nothing about energy micro-
grids, solar-powered electricity services, nor
the Indian energy context. As my thesis work
progressed, | learned the basics and became
fascinated by the intertwined social, techno-
logical and political aspects of the topic and
how design relates to it. Due to the complex
systems in energy supply, one of the chal-
lenges of the project was to frame the scope
of the thesis. What began, simply put, as a
study of the electricity meters for Boond'’s
prepaid service expanded to investigate the
wider systems that support and influence
villagers’ energy use.

Planning and conducting design research
in India was a rich learning experience, and
presented both opportunities and challen-
ges, and had its successes and failures. On
the one hand, the villagers’ interest and
availability to participate in my fieldwork
enabled me to learn a tremendous amount
regarding the in-situ interaction with the
Boond service in a relatively short time.

In the first day alone, | learned about daily
habits relating to electricity, heard stories
about how the electricity impacted women’s
lives and observed how other energy sources
are arranged for in the home. On the other
hand, however, the language barrier was a
major challenge to gaining deeper insights,
and daily travel to and from the villages
consumed precious field time. As a result,
there were many topics | was unable to fully
investigate, such as the participants’ mobile
phone practices, the entrepreneurs daily
routines and practices and more evening
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observations of electricity-use practices.
As an outsider, gaining access to the Indian
villagers'’ lives in order to conduct in-depth
ethnographic research is not straightforward
— in proceeding with my thesis, | have had
to accept the limitations of the research
and human resources available. In addition
to learning about the participants lives, |
gained insights into my own biases and
assumptions. Recognising and challenging
these assumptions has been a valuable
lesson as a researcher, which | consider a
personal success.

Since returning from India | have pursued
my interest in design ethnography and global
design research by reading on the topics.
Based on my personal reflections and the
new knowledge | have gained since the field
trip | have a better idea of how | would plan
the research di erently if | could do it again.
The following outlines three key changes |
would make to my approach:

/ Setup afield base closer to my research
subjects. This would reduce travel
time to the field and deepen immersion
in the local setting. Setting up a field
base would require more time, a bigger
budget and greater commitment from
interpreters. It would also provide an
opportunity to more easily test ideas and
follow-up on research in person, making
the process much more efficient.

/ Involve the interpreters/field support
team in the research analysis and
synthesis. Although the team debriefed
during the drive back from the field,
an extra day or two to build a research
wall together would have captured the
local team’s perspective, interpretation
of events and deep knowledge of the
local context.
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APPENDIX B
Participant energy source use
Based on sources that participants confirmed using or were observed during interviews. Sources that are

unmarked in the table may be in use but weren’t mentioned by participants.
Hours per day are based on participant reports/anecdotes, the Boond hours also factor in household meter data.
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hpd = Aproximate use hours per day PPC = pay-per-charge battery
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