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Abstract

The intense wood extraction and use in traditional stone fires (TSF) for cooking in the Asuogyaman district
in Ghana are associated with deforestation and indoor air pollution (IAP). Therefore, efforts have been made
by the volta river authority (VRA) to provide improved local cookstoves christened "climate-smart stoves"
to inhabitants of this region. However, these improved cookstoves (ICS) were designed to hold two cooking
pots concurrently, contrary to the typical traditional cooking practice of using one pot in the Asuogyaman
District. Although this may impact the performance of ICS compared to TSF in terms of reducing cooking
time, fuel use and IAP, to date, limited information exists about this impact. This field study evaluated the
performance of ICS relative to TSF using the controlled cooking test (CCT) protocol. The CCT involved 10
ICS and 10 TSF households. The test results show that the indoor CO and PM, ; concentrations were 5.470
+4.668, and 0.451 + 0.328 mg/m?, respectively, for ICS and 13.485 + 10.925, and 0.867 + 0.839 mg/m? for
TSF. Compared to TSF, ICS increased cooking time and fuel use by 78% and 46%, respectively. The findings
reveal that aside from efficiency, it is essential to prioritize traditional cooking practices and users' needs
when designing improved cookstoves. In conclusion, we assert that ICS contributes significantly to reducing
respiratory health issues thus making it ideal for cooking among rural folks. To reduce cooking time and
fuel use for ICS however, we recommend that the stove be redesigned in terms of the material used for its
construction and the number of pot- holes.
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Cooking Test

Introduction

Burning solid fuels such as wood, crop
residues, and animal dung in traditional
stone fires (TSF) for cooking and heating is
ubiquitous among more than 3 billion people
worldwide (Champion et al., 2020). Over
77% of Ghanaian households rely heavily on
solid fuels, especially in rural areas (Nazif-
Muiioz et al., 2020; Weber et al., 2020), for
household energy. It has caused many health
and deforestation problems (Carrién et al.,
2021; Rosenthal et al., 2018). Most rural
Ghana residents are exposed to significant
indoor air pollutants from wood and charcoal
burning through their regular household tasks
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(Nazif-Muioz et al., 2020). In Ghana, indoor
air pollution (IAP) accounts for 502,000
disability-adjusted life years (DALYs) and
2.2 per cent of the national burden of disease
related to solid fuel consumption (Armah et al.,
2015). The WHO also estimates that exposure
to IAP accounts for the death of about 16,600
people every year, a disproportionate part of
which are women and children between 1 —
4 years (Weber et al., 2020). However, there
has been significant interest over the years in
finding effective interventions to alleviate the
detrimental health and climate impacts of solid
fuel use (Barr et al., 2020; Bonjour et al., 2013;
de la Sota et al., 2018; Ezzati & Kammen,
2002; Fandino-Del-Rio et al., 2020; Johnson
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et al., 2020; Quansah et al., 2017; Rehfuess
et al.,, 2014). Proposed measures to reduce
IAP from cooking and heating with solid
fuels have comprised changes using improved
cookstoves and cleaner fuels, changes to
the living environment (e.g., improved
ventilation), and changes to user behavior such
as observing proper stove/fuel combinations
(Del Rio et al., 2020; Li et al., 2022; Pande
et al., 2018). Of these, improved cookstoves,
especially those with chimneys, have resulted
in most reductions in IAP (Huang et al., 2021;
Kumar et al., 2021). Improved cookstoves can
achieve health and climate change mitigation
benefits by reducing incomplete solid fuel
combustion (Champion & Grieshop, 2019).
Over the years, the government of Ghana
has shown its commitment to easing the
health and environmental implications of
solid fuel use in Ghana, particularly in rural
areas (Carrion et al., 2021). One example is
that in 2014, the Ghana Ministry of Energy
provided over 20,000 liquified petroleum
gas (LPQG) stoves through the rural liquified
petroleum gas (LPG) programme (Asante et
al., 2018). This intervention is said to help
reduce deforestation and IAP from solid fuels
in households.

The Asuogyaman District, a riparian area in
the eastern region of Ghana, forms part of the
communities in the Volta Lake basin where
the Akosombo dam is located (Ghansah et al.,
2016). The dam is the largest hydroelectricity
power source in Ghana for domestic and
industrial activities (Obahoundje & Diedhiou,
2022). It extends to neighbouring West
African countries, including Togo and Benin
(Eshun & Amoako-Tuffour, 2016). Past
reports (Gordon et al., 2017; GSS, 2021)
show that all the rural households - about
80% of the population - cook indoors with
wood on TSF. The district's intense reliance
on wood for household energy is linked with
high indoor air pollution and acute respiratory
tract infections (Ampofo et al., 2016; Gordon
et al., 2017). Also, this considerable wood
consumption rate has proliferated rapid
deforestation, evapotranspiration, and silt
build-up in the Akosombo hydroelectric

dam leading to significant disruption in the
generation of hydropower (Obahoundje et al.,
2021). The voltariver authority (VRA) in 2016
implemented a cookstove intervention program
to provide households in the Asuogyaman
district with improved local cookstoves
(christened as climate-smart stoves) (Gordon
et al., 2017; VRA, 2018). The improved local
cookstove was envisaged to reduce the rate of
forest exploitation and degradation, protect
the water in the Akosombo dam for sustained
electricity production and reduce high IAP in
homes.

Due to its socio-economic benefits, the
improved cookstoves (ICS) was surmised to
potentially replace the traditional stone fire
(TSF)inthe Asuogyaman district, thus possibly
reducing cooking-related time and wood use
(Bilsback et al., 2018). In addition to cutting
down on cooking time and fuel use, improved
cookstoves can help rural households reduce
the detrimental health effects of IAP (Tran et
al., 2020). However, the ICS was designed to
hold two cooking pots concurrently, contrary
to the widespread traditional cooking practice
of using one cooking pot in the Asuogyaman
District (Gordon et al., 2017). Previous
evidence suggests that the performance of
cookstoves (i.e., reducing IAP, fuel use and
cooking time) is affected when cookstove
designs (such as the number of pot-holes) do
not meet traditional cooking demands (Del
Rio et al., 2020; Rhodes et al., 2014). For
example, cooking with one pot on a two-pot-
hole stove causes loss of cooking heat to the
surroundings through the unused pot-hole
(Hafner et al., 2018). This ICS attribute may
influence its performance such as increasing
fuel consumption and cooking time as
well as possible abandonment, especially
when there is stove stacking (Jewitt et al.,
2020). Also, substantial health benefits from
ICS use can only be realized when TSF is
replaced (Buthelezi et al., 2019). However,
little empirical research has been done to
understand how the number of pot-holes of
these improved cookstoves influences IAP,
cooking time and fuel use compared with
traditional stone fires.
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Therefore, there is the need to evaluate the
performance of ICS with two pot-holes relative
to TSF. The present field study assessed the
fuel consumption and cooking time savings
by these improved cookstoves with two pot-
holes and traditional stone fires to fill this gap.
It further measured emission reductions of
carbon monoxide (CO) and particulate matter
of acrodynamic size < 2.5um (PM, ) by ICS
relative to TSF using the controlled cooking
test (CCT) protocol. The outcome of the study
provides information about the performance
of ICS and its ability to reduce IAP in
households compared with traditional stone
fires. The paper aims to inform policymaking
and influence stove design that considers the
socio-cultural context such as cooking culture
and habit during future cookstove intervention
programs.

Materials and methods

Study area

The Asuogyaman district, as shown in Fig.1,
is located between latitudes 6° 34° N and 6°
10° N and longitudes 0° 1° W and 0°14E. It
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stands 120 meters above sea level and covers
1,507 square kilometres, constituting 5.7% of
the total land area of the Eastern Region of
Ghana (Mawusi, 2019). The district shares
borders with Afram Plains South District, the
Upper and Lower Manya districts, Kpando,
North Dayi, Ho and the North Tongu Districts
of the Volta Region. The Volta River passes
through such ridges to create a canyon where
the Akosombo dam is located (GSS, 2014).

The stoves tested in this study, ICS and TSF,
are shown in Fig.2. The traditional stone fire
comprises three irregularly shaped stones
placed on the ground to support a cooking
utensil over an open fire. The ICS is a built-
in-place chimney stove made of clay, sand
and water and can hold two cooking pots. It
has two holes; the first hole fits a large pot
and the second hole fits a small pot. It has
an extended inner firepit for front-loading of
wood, a thick wall of 220 mm reinforced with
iron rods to support the combustion chamber,
and a gap of 300mm between the base of the
pot to the floor of the firepit. Acacia nilotica
was used in this field study because it is the
predominant fuel for cooking in the study
area. Wood was purchased from local sellers

L,
o~

-~

720000

Domeada Nswoane

Wpakadan
.

700000
1

.Krmsya

Abazsa e

f
‘-\rpcm[,
‘l
N i
Airade-urSiohome_wSenchi
/
!
/
{

LA

680000

860000
1
.
/" GHANA
{ g
\ Fe
wn § 14
3 ¢
wkudiioge £
{ X
1
4 .
| y
A} <
# Latolabo b
™ A\
Y
i
_msmpmsnaicr
Frize o
JFfkaa . Legend
f -g ¢ Setflement
o Apegus g
] Road Netwark
'
; Water body
l’:}ﬂsungyaman
N
A
0% " £ 45 L)
e — —
.
3
T
860000

T
240000

Fig. 1 A Map of Asuogyaman district in Ghana
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Fig. 2 (A) Improved cookstove with two holes

and stored under sheds a week before the field
measurement. This was done to save time and
labour in carrying wood to the various test
communities. The thick wood was cut into
100.52+ 25.76 x 8.66 = 3.31 cm (LxD) and
used in both cookstoves. Wood moisture was
measured with a Voltcraft FM-300 (Conrad
Electronics SE, Hirschau), and an average of
20.95% (dry basis) was used.

Ethical consideration

Ethical clearance for this study was obtained
from the Ethics Committee for Basic and
Applied Science (ECBAS), University of
Ghana, to ensure the protection ofthe health and
rights of study participants. The purpose of the
study was carefully explained to participants.
Participants were assured of confidentiality
and were at liberty to withdraw from the study
at any point if they felt uncomfortable.

Survey

An initial face-to-face survey was conducted
in September 2018 in twelve communities
in the Asuogyaman district namely
Surveyline, Kudikope, Ampanawu, Old
Apaaso, Nyameben, Adjena Dornor, Dodi
Asantekrom, = Mapakadan,  Klegekorpe,
Abume, Kokonte Kpedzi and Labolabo Tornu.
Households that used ICS were selected
using purposive sampling, while those that
used TSF were determined using snowball
sampling. Information on socio-demographic

(B) Traditional stone fire

variables, ICS and TSF, self-reported
health consequences of stove use, and user
perception of ICS and TSF were gathered
using structured questionnaires and open-
ended questions. Before administering, the
questionnaires were piloted in the study area
to ensure the content was easily understood
by study participants and elicited appropriate
responses. Information gathered from the
survey were used to determine the standard,
quantity and type of food often cooked by
participants. For this study, only household
cooking tasks were performed.

Testing protocol

The Controlled Cooking Test (CCT)
designed by Bailis (2007) was used to test
the cookstoves in kitchens in this field study.
This test assesses the fuel and cooking time
savings of an improved cookstove relative to
a traditional one and provides a true reflection
of in-home stove use (Arora & Jain, 2016).
A CCT involves a chef cooking a selected
standardized meal three times on a traditional
cookstove and improved cookstove. Twenty
(20) cookstoves comprising 10 ICS and 10
TSF from Adjena Dornu, Kokonte Kpedzi,
Mpakadan and Surveyline were selected for
the CCT. This was because the ICS in these
villages were the only ones functioning during
the field test.

The test was conducted in homes with
participants who volunteered. Users of the
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various stoves were asked to operate them as
they usually did during cooking. Kitchens in
the study area are built from mud, roofed with
aluminium sheets and had little ventilation.
Each chef received a pre-weighed bundle of
wood before starting the cooking task. The field
investigators ensured that the fuel was enough
to perform the cooking task. For this study,
females in households who participated were
made to cook "Banku" because it is the staple
meal eaten in the study area. "Banku" is made
from boiling a mixture of fermented cassava
and corn dough until a thick paste is formed,
which is often accompanied by a sauce. The
quantity of ingredients used represented the
amount of food cooked to meet the demand of
a 5-person household, which approximates the
average household size in rural communities
of the Asuogyaman district (GSS, 2014). The
time used during cooking was measured by
starting a timer at the ignition of the fuel; the
timer was stopped when cooking was finished.
For each test, pollutant measurements were
started immediately after the stove was ignited
and stopped once the food was cooked. A
detailed description of the CCT is shown in
Mawusi (2019).

Key stove performance indicators

Aside from emissions reduction, specific wood
consumption and time spent to cook were
used as key stove performance indicators.
The calculation of these indicators followed
the method used by Bailis (2007), and are
shown in the equations below. Specific wood
consumption (SC), (equation (4)) is shown as
the grams of equivalent dry wood consumed
per total weight of food cooked in kilograms
(equation (1)). The time spent in cooking is
calculated in equation 5:

Total weight of food cooked (kg), (w¢) = Z;’:l(ij— B) ()

Where:

J = Index for each empty cooking pot used (up
to 3)

Pj. = weight of pot after cooking

f
Weight of char left after cooking (g), (AC)=C.-k  (2)

With C, and k as the weight of char container
and charcoal (g), and weight of char container
(g), respectively.

Equivalent dry wood consumed (g), (f;) = (£-£)*{1- (12%m)} - 1.5 AC, (3)

Where f. " is the final weight of wood (g),
f is the initial weight of fuelwood (g), m is
wood moisture content (% wet basis), and AC,
represents the weight of char left after cooking

(@)

=@

Specific wood consumption (SC) (fg) =

With f, and w, refer to equivalent dry wood
consumed (g) and the total weight of food
cooked (kg), respectively.

Total cooking time (mins) (At) =t;-t; (5)

t. and t. are the final and initial cooking times,
respectively.

Measurement of indoor air pollution

Indoor concentrations of CO were logged
every minute using a high-temporal resolution
Aeroqual series 500 portable gas monitor
with an appropriate sensor head (Aeroqual
Limited, Auckland, New Zealand), and PM, .
with Haz-dust Environmental Particulate Air
Monitor (EPAM-7500). Pollutant monitors
also logged data on kitchen temperature and
relative humidity during cooking. Indoor
pollutant monitors were placed 1.5m above
the floor and 1.0m in a horizontal distance
from stoves to estimate the breathing zone of a
woman cooking in a kitchen, as done in other
studies (Kephart et al., 2020). Measurement of
gaseous pollutants was not affected by outside
airflow because kitchens in the study area are
usually constructed as stand-alone structures
with little ventilation.

Statistical Analysis

The data collected were carefully examined
to ensure accuracy. Results are presented
using descriptive statistical techniques after
processing it using the Statistical Package
for Social Sciences (SPSS), version 25.0. A
student's t-test was done to test statistically
significant differences between measured
parameters at a 5% significance level. The
data distribution in this study is represented as
arithmetic mean + standard deviation.
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Results and discussion

Indoor air concentrations of CO and PM,

The concentrations of CO and PM, , measured
in this field study are shown in Fig. 3. The
overall mean of CO in households that use ICS
and TSF was 5.470 + 4.668 mg/m* and 13.485
+ 10.925 mg/m?, respectively. The improved
cookstove showed a 47% reduction in PM,
concentrations compared to traditional stone
fires. The difference between the concentrations
of CO and PM_ | for the different stoves in this
study was statistically significant (p < 0.05).
Improved cookstoves efficiently reduce high
pollutant emissions compared with traditional
stoves (Mitchell et al., 2019). The findings
from this present study is in line with Baqir
et al. (2019), where improved chulha stoves
reduced 51% of CO emissions relative to the
traditional chulha stoves. Singh et al. (2012),
also made a similar discovery when newly
designed improved local cookstoves were
tested using CCT in Nepal. Particulate matter
(PM,,) concentrations in this present study
conform with Pennise et al. (2009), who found
a 26% reduction in PM, | after introducing an
improved wood cookstove in Accra, Ghana.
Jagger et al. (2017), after investigating air
pollutant concentrations of improved wood-
burning cookstoves in Malawi, also found
that improved wood stoves reduced 20 — 50%
more CO and PM, , than traditional stone fires.
Improved cookstoves can effectively reduce
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household air pollution and improve health.
This corroborates the finding of Mawusi
(2019), where the number of hospital-reported
respiratory tract infection (RTI) cases reduced
by 25% a year after the introduction of ICS
in Asuogyaman District. But prior to the ICS
intervention, RTI was prevalent among the
people of Asuogyaman District (Mawusi,
2019). As reported by this present field study,
reducing pollutants by ICS makes it ideal
for cooking among rural folks. Therefore,
providing improved cookstoves on a large
scale could help address the adverse human
health consequences of wood use (Saini et al.,
2020; Thakur et al., 2019).

Fuel use

The results in Fig. 4 show that the average
specific wood consumption in ICS was
46% more than TSF, which was statistically
significant (p < 0.05). Dresen et al. (2014),
found that the injera improved local cookstove
designed as a single-pothole saved 40% more
wood than TSF during a CCT in Ethiopia.
Improved cookstoves with two pot-holes were
found to reduce wood consumption by about
24% compared to traditional stone fires in
Tanzania (Hafner et al., 2020). However, this
present field study shows a 46% increase in
wood consumption in climate-smart stoves.
Besides, the standard deviations show a
wide variation in wood consumption for both
stoves, especially the ICS. The more variable
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Fig. 3 Box and whisker plots for indoor CO and PM, , for the different stoves (The central line and white squares
show the median and mean, respectively)
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Fig. 4 Box and whisker plots showing the specific wood consumption for the different stoves (The central line
and white squares indicate the median and mean, respectively)

use of wood in the climate-smart stove could
be due to a lack of training, varying fueling
of cookstoves and the cooks' skill. Training
informs improved cookstove users about the
tasks that cause massive pollutant emissions
and fuel use, and this can help users know how
to operate their stoves properly (Chagunda
et al., 2017). High fuel consumption in the
ICS designed with two-potholes suggests
its inefficiency and the need to improve
the design to suit the cooking culture of the
Asuogyamang community. The difference in
specific fuel consumption amongst different
stoves could be ascribed to differences in
design (Mamuye et al.,, 2018; Shen et al.,
2021) and the material from which they were
made (Pande et al., 2018). The design of the
stoves and the material from which they are
made are the essential variables that affect
stove performance (Yayeh et al., 2021).

In addition to the number of pot-holes,
improved cookstoves without well-designed
combustion chambers can consume more fuel
than their traditional counterparts (Bilsback et
al.,2018; Johnson et al., 2019; MacCarty et al.,
2010). This may partly account for the finding
in this study. Though ICS is a two-pot stove,
residents usually cook food using one pot-
hole. Thus, the heat required to cook is lost to
the surroundings through the unused pot-hole,
increasing fuel consumption (Hafner et al.,
2018). Also, user behaviour has been shown

to influence the performance of stoves (Li et
al., 2020; Shrestha et al., 2021). Users of TSF
in this present study proved to be very skilled
at tending the fire while cooking and thus
maximized fuel energy use. The difference
in fire tending habits of stove users affects
fuel use during cooking (Moses & MacCarty,
2019; Ventrella & MacCarty, 2019), which
could explain this study's finding. There is a
need for community-cooking demonstrations
to ensure climate-smart stoves' correct and
consistent use. These demonstrations will help
stove users observe the process of loading,
lighting, and cooking on the ICS and ask
questions about the novelty of the cookstove
(Del Rio et al., 2020). This will enhance fuel
use and energy efficiency. The results of this
present study suggest that designing double
pot-holes ICS for use in communities with a
cultural practice of cooking one meal at a time,
would defeat some of the intended benefits of
ICS since unsustainable harvesting of wood
for cooking can cause local environmental
impacts such as forest degradation (Bzugu et
al., 2019).

Cooking time

The average cooking times of the different
stoves are shownin Fig. 5. The range of cooking
times for ICS and TSF was 17 — 73 mins. and
11 — 32 mins., respectively, with a mean and
standard deviation of 37.300 + 13.914 mins.
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Fig. 5 Box and whisker plots showing the cooking times for the different stoves (The central line and white
squares indicate the median and mean, respectively)

and 20.933 + 5.420 mins., respectively. A
statistically significant difference was found
between the mean cooking times (p<0.05).
Improved cookstoves are adept at saving
cooking time in households (Jeuland et al.,
2015; Manoa et al., 2017; Prah et al., 2021).
However, this field test shows that ICS users
spent 44% more time cooking than TSF users.
This finding does not conform with CSIR
(2017) results, where climate-smart stoves
used 5% less cooking time than traditional
stone fires.

In other studies, consistent with the findings
of this present field test, traditional stone
fire and improved stove users spent 17- and
22-minutes cooking, respectively (Adkins
et al., 2010). Improved cookstoves do not
consistently outperform traditional stone
fires (Hafner et al., 2020). Traditional stone
fires could perform better than improved
cookstoves on some metrics such as cooking
time (Jetter & Kariher, 2009; Obi et al.,
2019; Ochieng et al., 2013). In their study,
Hafner et al. (2020) reported that traditional
fire stoves outperform improved cookstoves
when cooking tasks are done with one pot,
as was the case in this present study. TSF
boiled water and finished cooking faster, in
some cases even significantly faster, than an
improved cookstove across all types of fuels
tested (Grimsby et al., 2016; Medina et al.,

2017). According to Zube (2010), traditional
stone fires can be unexpectedly efficient if
used cautiously. Users of TSF have the leeway
to keep the cooking pot in proximity to the
fire, thereby increasing radiative heat transfer
(Zube, 2010). Also, the non-existence of any
close material avoids the loss of heat meant
to make the pot hot. The popularity of the
traditional stone fires as inefficient is mainly
due to the loss of radiative energy from the
fire to the environs during use. Another flaw
with TSF is the absence of a restricted current
pathway for the fire vapours causing too much
integration of cooler air from the surroundings
(Ballard-Tremeer & Jawurek, 1996; Kees &
Feldmann, 2011).

Improved cookstoves are beneficial compared
with traditional cookstoves. But they can be
inefficient if not properly designed (Samal et
al., 2019; Thompson et al., 2019). Enclosed
combustion chambers in improved cookstoves
engulf the fire, limit the quantity of fuel fed
into the stove, reduce fuel use, and speed
up cooking. By restricting the inflow of
surrounding air, improved cookstove users
can use stoves at an ideal air-to-fuel ratio
while increasing heat transfer to cooking pots
(Kshirsagar & Kalamkar, 2014; Tryner et al.,
2014). Aside from the longer ignition time for
the ICS, it was observed that experienced cooks
operating the traditional stone fires developed
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various skills to save cooking time, which was
not observed while using the climate-smart
stove. And this apart from the number of pot-
holes for ICS account for the observed results
in the present study. Based on these findings,
it is suggested that households use TSF for
one-pot meals and ICS when meals with more
than one pot are cooked, e.g. when preparing
lunch or dinner. Therefore, stove stacking
and usage of stoves for different purposes is
recommended for cooking efficiently.

Implications and limitations

This study provided valuable information
about the performance of double pot-hole
climate-smart stoves relative to traditional
stone fires in the Asuogyaman district of
Ghana. It served as a basis for appraising the
improved cookstove intervention program
undertaken by the volta river authority. ICS
significantly reduced indoor air pollutants
during in-home use but consumed more wood
and took longer to cook meals largely due
to radiative heat emanating from the unused
pot-hole. Aside from emission reductions, it
is essential to prioritize traditional cooking
practices and users' needs when designing
improved cookstoves. It could be better if
ICS is designed with one pot-hole to suit
the domestic cooking needs of the users and
reduce cooking time and fuel use associated
with the loss of cooking heat to the environs. It
is not generally true that improved cookstoves
can reduce cooking time and fuel use. But it
is contingent on the design and the ability to
satisfy traditional cooking needs.

The factors that limited the scope of this study
are duly acknowledged. The study was limited
to 20 cookstoves because they were the only
functional stoves in the community at the
time of the study. Larger sample size would
have reduced possible errors associated with
the sampling. Future studies where functional
stoves are available should consider increasing
the sample size of the cookstoves.

Conclusion
The following conclusions were reached

based on the study's findings:
* The ICS efficiently reduces CO and

PM,. emissions that emanate from
cooking with wood in households.
 Improved cookstoves with two pot-
holes were inefficient in reducing wood
consumption during cooking compared
with TSF.
* Traditional stone fires were more
efficient in saving cooking time than
the improved cookstoves with two pot-
holes.
The findings reveal thata second look should be
taken at the engineering of ICS in terms of the
material used for its construction, the number
of pot-holes and venting since these have been
shown to affect fuel use in stoves. Thus, the ICS
design should consider the cooking practice
of the Asuogyaman district. The stoves could
also be used in well-ventilated structures to
reduce indoor air pollutants further. Due to the
emissions reduction potential of ICS, efforts
should be made by the VRA to supply them
to all households in the Asuogyaman District.
Adoption and sustained use could be ensured
by incentivizing users.
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