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Tiger Worm Toilets (TWT) are an innovative and relatively new on-site sanitation
technology. Scaling up TWTs in other settings requires a clear understanding of user
perspectives. This study evaluated community surveys and operational challenges of
TWTs in India, highlighting positive outcomes and areas for improvement, and
providing evidence to guide policymakers and practitioners in expanding sustainable

sanitation in low-resource contexts.
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Assessment of the long-term user experience of Tiger Worm Toilets using.thie| 20 :x

Sanitation-Related Quality of Life (SanQoL) Index

Yogesh J. Badekar*, Laure Sioné and Michael R. Templeton

Department of Civil and Environmental Engineering, Imperial College London,
London, United Kingdom

*Corresponding author: yogesh-janardhan.badekar21@imperial.ac.uk

Abstract

Tiger Worm Toilets (TWT) are a relatively new on-site sanitation technology compared
to other sanitation types (e.g. pit latrines), with some of the oldest TWTs globally now
having been in continual use for only approximately 10 years. TWTs use composting
worms to degrade human waste, thereby reducing fill rate and odour, and making
latrine emptying safer. However, there is a significant gap in understanding the long-
term user experience and maintenance requirements of TWTs. To explore this, 358
users were surveyed, and 380 TWTs were visually inspected in Pune, India. The
survey employed the previously established Sanitation-Related Quality of Life
(SanQol) index to quantify TWT users' experiences. The SanQoL index showed a
score of 0.94 out of 1 for TWTs, indicating a positive user experience. Additionally,
83% of users reported no need for biodigester emptying for the past decade,
confirming the low-maintenance needs of TWTs. In parallel, the World Health
Organization (WHO)-designed Sanitation Safety Plan was used to visually inspect and
evaluate the construction quality of TWTs, revealing that poor latrine superstructure

construction is a key challenge in Pune. Overall, this study, the largest such TWT
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survey to date, provides a substantial body of evidence needed to boost confidence it o0on

the technology and to support its expansion in other suitable settings globally.

Highlights

1. Long-term user satisfaction and maintenance issues of TWTs had not been
investigated until this study.

2. A high SanQoL index was reported among TWT users, indicating an overall
positive experience with the technology.

3. This study provides evidence for global TWT scaling in suitable settings, based on

confirmed high user satisfaction and low maintenance.

Keywords: SDG 6, sanitation, Sanitation-Related Quality of Life (SanQoL), Tiger

Worm Toilet (TWT), user experience
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1. Introduction DOk 101039/ DEEW 00008k
A Tiger Worm Toilet (TWT) is an on-site sanitation system that utilises composting
worms such as Eisenia fetida (the tiger worm) to break down fresh human faeces,
converting it into vermicompost. A typical TWT design includes a superstructure with
a toilet pan which channels human excreta into a biodigester (Fig. 1), through a pipe
or via direct drop, where tiger worms digest the excreta and produce nutrient-rich

vermicompost’.

\,

Tiger Worms

T TTT—
ﬁ SquatPan
Concrete Slab ———_

“alPVC Pip, | -
Cover Slab Biodigester
Organic Bedding Material

Woodchip

_ Filtration Material
Optional
| |

Gravel Soakaway

Soakaway

Figure 1: Structural design of TWT, adapted from’

Inside the biodigester, tiger worms inhabit a bedding layer of coconut husk or wood
chips, which supports worm egg-laying and filters solids. Beneath this, a gravel layer
drains the liquid effluent and directs it into a soakaway, preventing waterlogging in the

biodigester.

A number of charities and private companies have installed TWTs worldwide in rural

and peri-urban areas for the past decade, including in Dire Dawa (Ethiopia), Ghana,
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66  Kachin (Myanmar), Monrovia (Liberia), Rwanda, Sierra Leone, and Uganda?, and il oeoos
67 2020 an international association was established to share good practices in
68 implementing TWTs, the International Worm-Based Sanitation Association (IWBSA)3.
69 InlIndia, the Swachh Bharat Mission (SBM), also known as the Clean India Campaign,
70  has provided subsidies to individuals without toilets to construct their own*. Under this
71  scheme, Primove Pvt. Ltd., India's official patent holder of TWT technology,
72  collaborated with its sister company, Easol Pvt. Ltd., to oversee the design and
73 construction of TWTs®. As a result, around 3,000 TWTs were installed across rural
74  Pune, Satara, Jalna, and Ahmednagar districts in Maharashtra province, India, from
75 2014 to 2019.

76

77 By rapidly transforming human faeces into vermicompost and carbon dioxide, TWTs
78  dramatically reduce odours, flies, and the latrine fill rate compared to a conventional
79  pit latrine®. Emptying TWTs is also a much safer process compared to emptying pit

80 latrines, since vermicompost has been shown to have a much lower content of

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

81 pathogens such as faecal coliforms (98.6% reduction) compared to untreated faecal

Open Access Article. Published on 22 December 2025. Downloaded on 12/24/2025 6:05:21 PM.

82  sludge®. TWTs are also reported to be cost-effective in the long run since there is a

(cc)

83  reduced emptying frequency’. Despite these merits, the long-term user experience
84 and maintenance requirements of TWTs, e.g. after several years of use, remain
85 unexplored and unreported. This study addressed this gap by conducting a user
86  survey of TWTs in Pune, India, between May and July 2024.

87

88  Auser survey was developed using the same questions used in the Sanitation-Related
89  Quality of Life (SanQoL) index8, with additional questions to address aspects specific

90 to TWTs. SanQoL describes five core aspects of the enquiry of users: their perceptions
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91 of disgust, disease, shame, safety, and privacy. SanQoL is an index that ranges-from; ;. oox
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92

0 to 1, where 0 represents "no sanitation capability" (the lowest quality of life), and 1

93 represents "full sanitation capability" (the highest quality of life). A higher SanQoL
94 index, i.e. closer to 1, should therefore indicate that the five core attributes of SanQoL
95 are adequately addressed, meaning favourable user perceptions and satisfaction with
96 their sanitation facilities®. The SanQoL index has been used for studying different on-
97 site sanitation systems in five countries to date, namely Ethiopia, Ghana, Malawi,
98  Mozambique, and Zambia812.
99
100  The SanQoL index was selected because it measures the lived experience and well-
101  being of sanitation users, highlighting both the aspects of sanitation that most directly
102  affect quality of life and areas where improvements are needed. In contrast, indices
103 such as the Water and Sanitation Sustainability Index (WASSI)'® and the Sanitation
104  Sustainability Index (SSI)'* focus on system-level dimensions, including financial
105  viability, institutional capacity, and environmental management. SanQoL enables a
106  direct evaluation of user experience by assessing both the acceptability of sanitation
107  facilities and the extent to which the technology is adopted in practice, making it the
108  most suitable framework for examining the long-term user experience of TWTs in this
109  study.
110
111 Overall, this study aimed to achieve the following objectives:
112 1. To determine the long-term (i.e. 5-10 years since TWT installation) user
113 satisfaction and maintenance needs of TWTs.
114 2. To calculate a SanQoL index value for TWTs.
115 3. Tovisually inspect the construction quality and current structural integrity of TWTs.
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117  This study is the largest of its kind to date, offering critical insights into the user
118 experience of TWTs. Through a comprehensive survey, it captures user satisfaction,
119  maintenance practices, and the practical challenges encountered over long-term use.
120  The findings provide valuable evidence to support policymakers and investors in
121  justifying the scaling up of TWT installations in suitable settings worldwide.

122

123 2. Methods

124 2.1 Study setting and survey design

125  The study country was India. Sanitation practices in India encompass a wide variety
126  of toilet facilities. According to the WHO/UNICEF Joint Monitoring Programme’®,
127  38.79% (554.70 million people) of the population of India use improved or basic pit
128  latrines, 39.21% (560.70 million people) rely on septic tanks, 15.26% (218.22 million
129  people) are connected to centralised sewers, and 6.73% (96.24 million people) still

130  practice open defecation.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

131
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132 In this context, TWTs are a relatively recent innovation in sanitation, with installations

(cc)

133 in India starting in 2014. The user information provided by Primove for approximately
134 1300 TWTs installed across 40 rural villages in Pune, India, served as the primary
135 data source. This information was validated through cross-checking with local leaders
136 in the Gram Panchayats, the self-governance authorities in each village. The
137  verification process identified 700 TWT households with confirmed addresses,
138  providing reliable information on user locations and enabling household visits for
139  surveys and TWT inspections. Based on this verified list, a route map for village visits

140 was developed, prioritising villages with the highest number of TWTs to maximise
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141  survey responses. DOk 101039/ DEEW 00008k
142

143  Before starting the survey (which ran between May and July 2024), a pilot survey
144  activity was conducted in February 2024 in Bhalgudi village, Pune, India, to assess
145  the clarity of the survey questions to the users and make changes if needed. The
146  questionnaire was given to six users (three males and three females) of varying ages
147  (above 18) with their informed consent and in their native language (Marathi), using
148 local terminology. The responses to the survey, along with subsequent discussions,
149  helped identify which questions were challenging for them to understand.

150

151 The survey comprised 32 questions and was organised into three sections (refer to
152  Supplementary Material A for the survey questions). The first covered demographic
153  details of the TWT users. The second section included the established standard
154  SanQoL questions, used to quantify the SanQoL index of TWTs in this setting, along
155  with questions specific to TWTs. The final section consisted of additional questions to
156  provide contextual understanding during data collection. Qualtrics survey software
157  (Qualtrics International Inc.) was used to collect the survey responses electronically
158 and document the on-site physical inspection of TWTs. The survey was designed to
159  take 8-10 minutes to complete per person.

160

161 2.2 Sanitation-Related Quality of Life (SanQoL) Framework

162 The Sanitation-Related Quality of Life (SanQoL) framework® is used in this study to
163 investigate and quantify user experiences of TWTs. Its five attributes are designed to
164  evaluate sanitation facilities and their impact on users' satisfaction and well-being. The
165 first attribute, ‘disgust’, captures how often users feel repelled or uncomfortable when
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166  using the toilet. For instance, directly seeing faeces inside the toilet, an unglean {Gilet; . 0ox
167  pan or floor, and foul-smelling waste accompanied by flies are triggers of disgust and
168 can cause constant nausea. The ‘disease’ attribute assesses concerns about
169  sanitation facilities’ potential to spread ilinesses, reflecting both the perceived and
170  actual risk to users’ health and peace of mind. The ‘shame’ attribute addresses
171  feelings of embarrassment or loss of dignity associated with using, or being seen
172 using, sanitation facilities. For instance, a user may experience embarrassment if
173 neighbours observe them entering or using a sanitation facility. ‘Safety’ evaluates
174  whether users feel physically safe when using the facility. The safety attribute includes
175  two underlying conditions: accidents or toilet collapses due to poor construction, and
176  any risk posed by physical or sexual violence when using the toilet. Lastly, ‘privacy’
177 focuses on concerns about being seen or disturbed while using the facility. For
178 example, users may experience concerns about being observed or overheard,
179  compromising their privacy, particularly when the latrine superstructure is

180 inadequately constructed, such as lacking a door or containing gaps or cracks in the

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

181  walls or door8:16,

182
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183 SanQoL was previously used to assess user satisfaction (Table 1) with Container-
184 Based Sanitation (CBS) during an intervention in Ghana'?. SanQoL has also been
185 applied to assess the user experience of shared pour-flush toilets with septic tanks
186  and pit latrines in Maputo, Mozambique®. More recently, a SanQoL study'' assigned
187  SanQol indices to the different classifications of the sanitation ladder (e.g., at least
188  basic, limited, unimproved or open defecation), rather than to specific types of toilets
189 (e.g., pit latrines, CBS, or pour-flush toilets).

190
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191 Table 1: Calculation of the SanQoL index using attribute weights from SanQolL literature e 0ine
Citation- study Assigned
Toilet types SanQolL Index
country weights
Container-based sanitation 0.91 Kumasi, Ghana2
(CBS)
Shared pour-flush toilets 0.83 ,
Disgust = 0.25
Maputo, Mozambique?®
Pit latrines 0.49 Disease = 0.19
Shame =0.19
At Least Basic Sanitation*® 0.70
Safety = 0.18
. . . * 060 i =
Limited Sanitation Maputo and Dondo, Privacy = 0.19
Unimproved Sanitation* 0.45 Mozambique™
Open defecation* 0.30

192 The present study is the first to use the SanQoL index to assess user experience with
193  TWTs. The attribute weights used in the index were derived from a previous study
194  conducted in Mozambique'!, as it had already demonstrated that these weights are
195 suitable for the Indian context due to their robustness and broad applicability across
196 diverse geographical and social settings'®. The weightings were: disgust (0.25),

197 disease (0.19), shame (0.19), safety (0.18), and privacy (0.19) (see Table 1).

* The WHO/UNICEF Joint Monitoring Programme (JMP) defines the sanitation ladder under
Sustainable Development Goal (SDG) 6%, where "at least basic" refers to improved facilities
not shared with other households, such as pour-flush toilets connected to piped sewer
systems, septic tanks, or pit latrines with a slab; "Limited" refers to improved facilities shared
with other households, like pit latrines with a slab but no water seal; "Unimproved" includes pit
latrines without a slab, hanging latrines, or bucket latrines; "Open defecation" is the disposal
of human faeces in open spaces like fields, forests, waterways, or with solid waste.
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199  In addition to surveying users, a structured checklist (see Supplementary, Material. B 20ox
200 for the complete checklist) was developed to visually assess the condition of TWT
201  superstructures, including the door, roof, and other physical components. The
202 checklist was based on the WHO's Sanitation Safety Plan Guidelines'”. Each
203  structural component was categorised as ‘good condition,” ‘needs maintenance,’ or
204  ‘needs replacement,’ with detailed definitions and illustrative photographs of each
205 category provided in Supplemental Material C. This data enabled a systematic,
206 categorical assessment of construction quality, allowing identification of common
207  structural deficiencies and their potential impact on user satisfaction. To minimise the
208  risk that structural defects biased users’ SanQoL responses, the structural inspection
209 and the user survey were conducted independently, and structural findings were
210 analysed descriptively rather than incorporated into or used to modify SanQoL scoring.
211

212 2.3 Data Analysis

213  Data collected via Qualtrics were downloaded as an Excel file and initially checked for

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

214  completeness and consistency. Responses with missing values for key variables or

Open Access Article. Published on 22 December 2025. Downloaded on 12/24/2025 6:05:21 PM.

215 any duplicate entries were removed from the dataset prior to analysis. Descriptive

(cc)

216  statistics, including mean, standard deviation (SD), and 95% confidence intervals (Cl),
217 were calculated for the demographic characteristics of TWT users, responses to
218  specific questions about TWTs, each SanQoL attribute (disgust, disease, shame,
219  safety, privacy), and the overall SanQoL index. The overall SanQoL index for each
220  respondent was calculated using the formula®:

_ 2N (xij xwi)
221 Sj= lf

222 where, §; is the SanQoL index value; N is the number of attributes (5); xij is the score

223 assigned to each attribute, ranging from 0 to 3; and wi is the weight assigned to each
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224  attribute as listed in Table 1. For comparisons between groups (e.g., male ys, fenalé;  ooox
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225  users), the Mann—-Whitney U test was applied due to skewed, non-normally distributed
226  SanQolL data, with p-values indicating the statistical significance of any observed
227  differences.

228

229 2.4 Ethical approval

230 The study protocol was approved by the Science, Engineering, and Technology
231 Research Ethics Committee (SETREC) of Imperial College London, United Kingdom,
232 under Protocol No. 7042005 on 26 April 2024. TWT users were given a participant
233 information sheet in the local language (Marathi) explaining the study's purpose. Free
234 and informed consent was obtained from all participants or their legal representatives.
235 Consent was obtained before providing survey questions, with participants informed
236 that participation was voluntary, i.e. offered no direct financial or other benefits, and
237  could be withdrawn at any time. To minimise courtesy bias, participants were explicitly
238 informed that the study was conducted as independent research for Imperial College
239  London and was not directly affiliated with Primove or Easol Pvt. Ltd., the installers of
240 the toilets in Pune, India. Each participant was assigned a unique ID to ensure
241  anonymity, with no identifying information linked to the data. No questions probed into
242  emotional, fearful, or memory-related topics related to TWT usage. Some users
243  struggled to read the questions in their native language, so the questions were read
244  aloud to those participants.

245

246 3. Results

247  The survey originally included 598 TWT households; however, full survey responses
248  were obtained from only 358 households, with one respondent per household. This is
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because some users were absent during the survey period due to work commitments, oooen
while others had relocated to other areas or had discontinued using TWTs (further

discussion of the reasons for discontinued use is provided below, in section 3.4).

Among respondents, 52.5% (n = 188, where n represents the number of respondents)
were male, and 47.5% (n = 170) were female. Respondent ages ranged from 21 to 75
years, with a mean age of 44 years (SD = 13). The average number of household
members using TWT was 4 (SD = 1.76), with 40% of households reporting more than
four TWT users. The duration of TWT use varied between 7 and 10 years, with a mean

of 8 years (SD = 0.71).

3.1 TWT SanQolL Index Value

The mean scores for each TWT SanQolL attribute, with 95% CI, are shown in Fig. 2.

Privacy

Safety

Shame

SanQol key attributes

Disease

Disgust

o
-
N
w

Mean scale value of TWT

Figure 2: Mean SanQoL attribute scores for TWTs, with 95% confidence intervals

Mean attribute values on a 0-3 scale, where higher values indicate more positive
outcomes, were Disgust 2.73 (95% CI 2.66-2.88; SD 0.67), Disease 2.97 (95% CI

2.94-3.00; SD 0.27), Shame 2.86 (95% CI 2.82—2.90; SD 0.43), Safety 2.78 (95% Cl


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5ew00908a

Environmental Science: Water Research & Technology Page 14 of 31

267 2.72-2.84; SD 0.57), and Privacy 2.80 (95% Cl 2.74-2.86; SD 0.58). Qverall,.thg o
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268  SanQol index for TWTs was 0.94, with a 95% confidence interval of 0.92—-0.96.

269

270 In itself, the SanQoL index of TWTs (0.94) was higher than the indices for other
271  sanitation ladder categories defined by SDG 6 (Table 1), including open defecation
272 (0.30), unimproved (0.45), limited (0.60), and at least basic sanitation (0.70),
273 highlighting the potential of TWTs to be classified as safely managed sanitation, if
274  safety criteria are also evaluated. A comparison of SanQoL indices can be considered
275 to assess the standing of TWTSs relative to other sanitation interventions. Overall, the
276  SanQoL index for TWTs (0.94) compares well with previously published indices for
277  CBS (0.91), shared pour-flush toilets with septic systems (0.83), and pit latrines (0.49).
278 However, these studies were in different contexts, settings, and populations. For
279 instance, TWTs are mostly used in a rural context, whereas other sanitation systems,
280 especially container-based solutions and shared pour-flush toilets, are more
281 commonly used in urban settings, e.g. often due to easier access to water, space
282  constraints, etc.

283

284 The study also assessed differences in SanQoL responses between males and
285 females. The mean SanQoL index was 0.95 for males and 0.93 for females (Table 2).
286  The non-parametric Mann—Whitney U test indicated a statistically significant difference
287  (p = 0.04, p < 0.05); however, the numerical difference in the SanQoL index between
288  sexesis only 0.02, which is minimal. For comparison, a CBS study in Ghana'? reported
289 a larger difference of 0.05 but still concluded that both males and females perceived
290 a similar quality of life and user satisfaction.

291
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Table 2: SanQoL index calculation for TWTs by sex

View Article Online
DOI: 10.1039/D5EW00908A

SanQoL SanQol index Assigned
Sex Mean Score = SD
attributes (95% CI) weights
Disgust 268 £0.71
Disease 2.96 £ 0.32
Female Shame 2.86+0.43 0.93 (0.90-0.96)
Disgust = 0.25
Safety 2.72 +£0.62
Disease =0.19
Privacy 273 +£0.67
Shame = 0.19
Disgust 277 +£0.71
Safety =0.18
Disease 2.98 £0.32
Privacy = 0.19
Male Shame 2.86+0.43 0.95 (0.93-0.97)
Safety 2.83 £0.62
Privacy 2.86 £ 0.67

3.2 Responses to the questions specific to TWTs

Before having TWTs, 93% of TWT users reported practising open defecation, 3% were

using community latrines, and 4% were using their own pit latrines. Since using TWTs,

96% of users reported an improved toilet experience, 3% reported a neutral

experience, and 1% reported a worse experience and preferred their previous

sanitation practice.

Most respondents reported minimal issues regarding odour and flies, both around the

toilet and biodigester. Out of 358 users, 154 (43.0%) never noticed a smell, 152

(42.5%) rarely noticed it, 41 (11.5%) noticed it sometimes, and only 11 (3.0%) reported

always noticing a smell. Flies were also generally not a major problem: 165 (46.1%)

never noticed them, 154 (43.0%) rarely noticed them, 14 (3.9%) noticed them
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306 expressed a strong willingness to continue use of TWTs, with a mean score of 8.8 (SD
307 =2.09). Most respondents (86%) rated their willingness in the “definitely yes” category
308 (=7), while around 10% fell into the “not sure” category (scores 4-6), and only 4%
309 indicated “no use” (scores 1-3).

310

311 Regarding long-term maintenance, 83% of users reported not having had to empty the
312  biodigester over periods of up to 10 years, indicating effective decomposition by the
313  tiger worms in the biodigesters. Among the remaining 17% of users who had emptied
314 their biodigesters, only 5% reported challenges associated with the process. The
315  primary difficulties included finding labour to carry out the emptying and managing the
316 disposal of the vermicompost. An additional concern during emptying was the risk of
317  structural failure of the biodigester walls, constructed from fibre-reinforced concrete
318 panels, which it was feared could lead to collapse or breakage. Out of all the users,
319 only one reported collecting and harvesting vermicompost themselves from the
320 biodigester, for gardening purposes.

321

322  The final section of the survey was completed by 280 users (78%). Among these, 104
323  users (37%) reported their neighbours knew about the TWTs, and of these, 8 users
324  (8%) stated that their neighbours had used their TWTs, with the users reporting that
325 nearly all neighbours had positive experiences. This suggests a role of social networks
326 in promoting innovative sanitation technology adoption and acceptance in the
327 community. Approximately 201 users (72%) reported no issues, even with a higher
328 number of users than the TWT was designed for, which supports the robustness and
329 reliability of the facility. Among the remaining 77 users who experienced issues, 51
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330 users (66%) reported that maintaining cleanliness was difficult (e.g., cleaning the 1GHlet 5 00x
331 pan and removing stains), 14 users (18%) indicated that occasional extra maintenance
332 was required (e.g., water shortages and minor blockages in the toilet pan), 9 users
333  (12%) noted that the need for additional care depended on specific circumstances
334 (e.g., water clogging, especially during rainy days), and 3 users (4%) were unsure.
335  Overall, users rated the ease of daily maintenance as 1.8 (SD = 1.74) on a scale from
336 1 (very easy) to 10 (very difficult). However, despite this ease of maintenance, 207
337 users (74%) still expressed concerns about the construction quality of the TWT
338  superstructures.

339

340 3.3 Physical inspection of TWTs

341 The visual inspection of the TWT construction quality and current structural and
342  cleanliness status revealed that while some TWTs required only minor repairs, others
343 needed significant maintenance to various structural components. Strikingly, the

344  respondents did not report issues with the actual TWT technology, but with the

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

345 components of the toilet that are common across all toilet types, i.e. the superstructure.
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346 Based on the criteria and illustrative examples provided in Supplementary Material C,
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347 33% of the floors were classified as in good condition, 55% required minor
348 maintenance (e.g., crack filling), and 11% required replacement due to significant
349  damage. Similarly, only 18% of toilet pans were in good condition, 55% required minor
350 repairs, and 27% demanded replacement due to major structural issues. The status
351 of the walls and roofs of many TWTs was also not ideal: only 32% of walls were intact,
352  47% needed maintenance, and 21% required replacement, while roofs showed similar
353  patterns, with 26% in good condition, 48% needing repair, and 26% requiring

354  replacement. Additionally, only 7% of the TWTs had an electric bulb connection for
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355 interior lighting. However, ventilation was observed to be adequate in the vast.maigtity oo
356  of TWTs.

357

358 Looking to the future, nearly half of the users stated that they would prefer a larger
359 floor space in the superstructure. Meanwhile, 23% suggested a new superstructure
360  building material for greater durability, for example, by constructing TWTs using
361 masonry or brickwork instead of prefabricated panel superstructures. The remaining
362 respondents (17%) expressed a preference for both improvements, larger floor space
363 and more durable construction materials.

364

365 3.4 Factors contributing to the discontinuation of use of TWTs

366  Approximately 35% of users (218 out of 598 TWT included households in total)

367 discontinued using the TWT for various reasons, illustrated in Fig. 3.

User switched to indoor toilet{ [N 249
Moved to other place | [N &%
Failure of Superstructure _ 15%
Collapsed| [
Municipal sewer system 1 _ 1%

Land acquisition{  [[NNNEGEGEEGN >

Toilet blockage due to facces{  [NNENEGEGEGN s*
Other{ [ 4%
Water shortage{ [N 3%

0 B 10 15 20 25 30
Percentage of households abandoning TWT usage among 35% who discontinued it (%)

368
369 Figure 3: Percentage of households (out of the 35% of total users who had discontinued using

370 their TWTs) that switched to other forms of sanitation for various reasons.

371  Ofthose, some users sought to build a toilet inside their home (whereas all TWTs were
372  outdoor structures), mainly for personal safety reasons, with 24% switching to interior-

373  connected septic tanks. Approximately 18% of TWT discontinued users moved to
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374 cities due to personal commitments such as jobs, education, and other reaspns, a8, ooon
375 reported by their neighbours during visits to TWT households. Approximately 15% of
376  discontinued users expressed concerns regarding the failure of the TWT
377  superstructure. Approximately 12% of discontinued users experienced collapses of
378 the superstructure due to strong winds, heavy rainfall, and burrowing animals
379 damaging the structure. Upon local municipal orders, 11% of discontinued users
380 removed their biodigesters and connected their outlet pipes to the municipal sewer
381  system.

382

383  Faecal blockage inside the toilet pan affected 6% of discontinued users. The primary
384 cause of clogging observed was suspected to be the improper gradient of the outlet
385 pipe from the pan, since the biodigesters underneath were not full. Water shortages
386 are affecting 3% of discontinued users, leading some individuals to discontinue the
387 use of the TWT and revert to other types of toilet facilities or open defecation.

388

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

389  The 'Other' category, which accounts for 4% of discontinued users, includes cases
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390 where TWTs have been repurposed as bathrooms for showers, storage rooms for
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391 agricultural tools, or grain storage facilities. One key factor driving these conversions
392  of TWTs into storage or bathrooms, or the decision not to use them, is the users'
393  reluctance to switch from open defecation to toilet use. These users perceive the TWT
394  space as more useful for living than as a designated toilet. The total installation base
395 cost of a TWT was estimated at Rs 18,000 (about $202) during the period from 2014
396 to 2017. Of this, the Government of India was to contribute Rs 12,000 (66.7%) under
397 the SBM scheme, the Rotary Foundation (a philanthropic service organisation) Rs

398 3,000 (16.7%), and users the remaining Rs 3,000 (16.7%). Among those surveyed,
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399 193 users (54%) paid this partial amount, while 165 users (46%) received the JW &t s o00n
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400 no cost. Many users may not fully recognise the long-term benefits to their households.
401 Overall, TWTs were discontinued on average 1.58 + 0.81 years before this survey.
402  This indicates that users had utilised the technology for approximately 6.4 + 1.1 years
403  before discontinuation, given that the mean age of TWTs was 8 + 0.71 years.

404

405 4. Discussion

406 The outcomes of the five SanQoL attributes for TWTs, disgust, disease, shame,
407  safety, and privacy, demonstrate generally a favourable long-term user experience.
408

409  Firstly, most TWT users used the facility without concern for disease, which may be
410 linked to the perception of fewer flies and the reduced odour inside the toilet compared
411 to alternative toilet types such as pit latrines.

412

413  Secondly, 82% of TWT users use the facilities without feeling ‘disgusted’, and 97%
414  use the facilities without feeling shame. It was initially thought that some individuals
415 might find keeping tiger worms as part of their toilet facilities disgusting. However,
416 none of the users reported feeling disgusted or ashamed of having a biodigester with
417  worms. Instead, users who reported feeling disgusted cited three main reasons: the
418 sight and foul odour of faeces inside the toilet during clogging; water leakage through
419  the roof, making the toilet uncomfortable to use during the rainy season; and the failure
420  of superstructures, such as the toilet pan sinking into the flooring because of burrowing
421 animals creating holes around the toilet pan and biodigesters. It should be noted that
422  these aspects could equally apply to other types of on-site sanitation facilities, such
423  as conventional pit latrines, rather than being specific to TWTs.
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424 DOI: 10,1039/ DSEWO0508A
425 TWTs scored high on the SanQoL index for safety and privacy, with 94% of users
426 reporting that their privacy is well-protected and that they feel safe using the
427  biodigester and superstructure. However, a small portion of users were affected by
428  issues related to the poor quality of the plastic doors, which were often damaged by
429  heavy winds and rain. Approximately 6% of TWTs lacked doors, and 18% had non-
430 functional locks, forcing some users to rely on alternatives such as cloth curtains or
431  cardboard.

432

433  In some cases, discontinuation of TWTs (among 218 households) was imposed by
434  external factors rather than resulting from user choice. In Jejuri, a city in Pune,
435  approximately 11% of users were instructed to remove their TWT biodigesters and
436  connect their outlet pipes to the municipal sewer system. This decision was made due

437  to the city's dense population and the presence of a temple that sees the city fill with

438 people, making it challenging to allocate sufficient space for users to keep their

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

439  biodigesters. Some TWT users (4%) were affected by land acquisition, where their
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440 land was forcibly acquired by government-contracted manufacturing companies.

(cc)

441  These users received compensation to rebuild their houses and install indoor toilets.
442  Additionally, 2% of users were impacted by road expansion projects, which led to the
443  removal of their TWT systems, as they were situated on government-owned land
444  designated for road construction.

445

446  Approximately 273 users (76%) reported that the biodigester component of the TWT
447  was not associated with any problems and had not required additional attention (e.g.,

448  emptying), even after 7-10 years of use. This is consistent with research showing
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450 traditional pit latrines of similar size and usage, as observed in India'®. Among the 85
451  users (24%) who reported issues, the most commonly mentioned problem was the
452  presence of burrowing animals (e.g., rats). No other major problems were consistently
453  identified. However, it is possible that this is not a problem specific to TWTs, as digging
454 by burrowers was also reported and observed around the superstructures of other
455  types of toilets in the study villages (e.g. septic tanks and pit latrines).

456

457  Overall, users expressed satisfaction with the TWT technology, noting that it met their
458 needs. They embraced the biodigester component positively, while primary challenges
459 related to the superstructure’s design and construction quality. Similar challenges
460 related to construction materials and quality were observed in TWTs in Sierra Leone’,
461 highlighting that such issues are common across different contexts. Comparable
462  construction and design flaws, such as an improperly fitted interface between the lid
463 and the biodigester, were also observed during Oxfam trials of TWTs in Ethiopia,
464  Liberia, and Myanmar?2. In general, these construction issues encountered by users
465  are related primarily to the superstructure, which is often common to the construction
466  of other types of toilet facilities, such as conventional or ventilated pit latrines’®, and
467 not the biodigester containing the worms, which is the specific innovative feature of
468 the TWT. These construction challenges are, therefore, not unique to TWTs, but care
469  should nonetheless be taken to address them when designing TWTs. Otherwise, the
470  TWT technology will still be reported to be associated with a negative user experience,
471  even if the worms function as intended in the biodigester.

472

473  Moreover, this study was conducted nearly a decade after the installation of TWTs,
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474  during which some users are likely to have improved their economic status, AssSUEH, o0ar
475 some TWT users are now expecting a superior-quality superstructure. For example,
476  as reported earlier, some users expect toilet facilities with larger floor areas, as the
477  current compact design is undesirable. There is also a strong preference for the use
478  of more robust construction materials, with many advocating for more expensive
479  masonry construction over using ready-made panels.

480

481 The introduction of TWTs represented a major sanitation upgrade for many
482  households in this study. Most users had previously practised open defecation, and
483 the provision of TWTs therefore moved these households into the “basic
484  sanitation” category under the SDG 6 sanitation ladder. Now, nearly a decade later,
485 as some households become wealthier or prioritise greater privacy and convenience,
486 a proportion are choosing to transition further to indoor septic tank systems. This
487  reflects a natural progression up the sanitation ladder as economic circumstances and

488 aspirations evolve, rather than dissatisfaction with the TWT technology itself.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.
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490  Those who transitioned to septic tank systems found them affordable and also chose
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491 indoor sanitation with superior construction materials. The primary motivation for this
492  shift was to enhance safety and privacy, particularly for women. One user stated, "The
493  TWT is working well, but building an indoor toilet will provide us security, safety, and
494  privacy, especially for my daughter and wife. That's why we are planning to switch to
495  a septic tank". Nonetheless, TWT user satisfaction for women was nearly equal to that
496 of men. A few women, however, reported issues with the superstructure, such as holes
497 in the door, cracks around the toilet, and deteriorated panel joints between the wall

498 and roof, which may compromise safety and privacy while using the facilities. Such
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499  switching to alternative sanitation facilities often occurs when users perceiyg, that.th&it; ;. 0ox

Open Access Article. Published on 22 December 2025. Downloaded on 12/24/2025 6:05:21 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

500 current toilets fail to meet essential needs. When safety, privacy, or dignity are
501 compromised, people may abandon the existing facility to avoid harassment, exposure
502 to crime, or health risks'®. In Ethiopia, inadequate toilet facilities, including limited
503 privacy and unsafe emptying practices, led users to seek other options that better
504 protect their physical security and personal dignity20.

505

506 A difference of this study compared to previous SanQoL studies was that this study
507 was designed to evaluate the long-term user experiences over several years, rather
508 than asking users for their experience over the previous 30 days. This was felt to be a
509 necessary amendment to the standard SanQoL methodology in this case, as some of
510 the key benefits of TWTs accrue over the long run rather than the short run, e.g.
511 reduced emptying frequency'18.

512

513 Based on this study, several recommendations are proposed for future studies:

514 1. Awareness of the role of the tiger worms in the functionality of this technology was
515 limited, indicating the need for further efforts to enhance user understanding of the
516 benefits of TWTs and hence the desirability of the technology.

517 2. During the survey, it was observed that users prioritise safety and privacy by opting
518 for indoor toilets (e.g. septic tank systems), especially as they have become
519 wealthier over time. Further research could therefore explore the feasibility of
520 installing TWTs indoors, where appropriate.

521 3. While the survey did not ask about toilet cleaning agents, further research is
522 recommended to assess various cleaning agent options for their suitability for use
523 in TWTs, in terms of ensuring that they are non-hazardous to the worms in the
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524 biodigester. DOI: 10.1038/D5EWO0208A

525 4. A similar user experience survey should be performed in other settings where

526 TWTs have been widely implemented, such as Ethiopia, Ghana, Rwanda, and
527 Sierra Leone, to ascertain if TWT user satisfaction elsewhere is similar to the
528 findings of this study in India.

529

530 5. Conclusions

531 This study is the first rigorous, large-scale evaluation of long-term user satisfaction
532 with TWTs. The SanQoL index of TWT is 0.94, which shows high user satisfaction.
533  The survey findings confirm that TWTs have generally low maintenance requirements
534  (i.e. infrequent latrine emptying) and established that the biodigesters of the TWTs
535 remained in good functional order even up to 10 years post-installation. However, in
536 some cases, poor construction of the latrine superstructure continues to be a
537 challenge. Though this is not a challenge that is specific to TWTs, nonetheless it does

538 ultimately impact TWT usage and user satisfaction. Therefore, there should be greater

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

539  emphasis placed on adopting better initial latrine construction practices as an essential

540 component of designing and constructing future TWTs. However, the TWT would
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541 appear to be a sustainable sanitation option if properly implemented. Overall, this
542  study provides strong evidence to support new installations of TWTs and/or scaling-
543  up of TWT numbers in other appropriate locations globally

544
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Data collected in this study consist of survey responses from human participants who
are Tiger Worm Toilet users in Pune, India. To maintain confidentiality and in
accordance with the ethical approval and participant consent obtained from Imperial
College London (Ref No. 7042005), the data cannot be made publicly available.
However, anonymised data may be shared on reasonable request from the

corresponding author, subject to ethical requirements.
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