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We evaluated the operational, financial, and management challenges within
China’s Toilet Revolution by surveying 656 rural households across
10 provinces. The results revealed that the majority of households which
renovated their toilets under the Toilet Revolution perceived positive impacts
of this on their quality of life and living conditions. Households that had
undertaken toilet renovations viewed the program more favorably than
households which had not undertaken renovation, and were more willing to
engage with the program. Despite the perceived benefits, households were
generally hesitant to personally invest in toilet renovation. We uncovered a
gap in strategic sanitation planning for post-construction operation and
maintenance of toilets, reflecting a “build first, manage later” approach in the
Toilet Revolution. We also identified a widespread lack of formal models for
management of toilets and toilet products, coupled with high reliance among
households on government support and subsidies to fund renovation. To address
operational inefficiencies and financial sustainability issues in the program, we
propose a novel “Toilet Business” model that leverages a sanitation value chain
approach. In this model, private sector engagement, cost management, and
market revitalization are crucial components that must be implemented to
ensure the program’s long-term success. Overall, our study provides valuable
insights into the complexities of implementing large-scale sanitation programs
such as the Toilet Revolution.
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1 Introduction

Since 1992, when the Chinese State Council first officially recognized the need for an
initiative focused on retrofitting rural toilets, China has engaged in continuous improvement of
rural sanitation facilities. By 2004, the Chinese government had allocated approximately RMB
8.64 billion towards rural sanitation (Chen et al., 2022). Efforts were further accelerated in 2015,
when President Xi Jinping, during a visit to a village, highlighted toilet renovation as an approach
to enhance living standards in rural areas and inaugurated the so-called “Toilet Revolution”

OPEN ACCESS

EDITED BY

Maria Elisa Magri,
Federal University of Santa Catarina, Brazil

REVIEWED BY

Kangning Xu,
Beijing Forestry University, China
Xiaomin Dou,
Beijing Forestry University, China
Zhi-Long Ye,
Chinese Academy of Sciences (CAS), China

*CORRESPONDENCE

Xiaoqin Zhou,
zhouxiaoqin025@163.com

Prithvi Simha,
prithvi.simha@slu.se

RECEIVED 22 February 2024
ACCEPTED 08 May 2024
PUBLISHED 30 May 2024

CITATION

Li T, Li Y, Li Y, Li Z, Zhou X and Simha P (2024),
Leveraging a sanitation value chain framework
could address implementation challenges and
reinvent China’s Toilet Revolution in rural areas.
Front. Environ. Sci. 12:1390101.
doi: 10.3389/fenvs.2024.1390101

COPYRIGHT

© 2024 Li, Li, Li, Li, Zhou and Simha. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Environmental Science frontiersin.org01

TYPE Original Research
PUBLISHED 30 May 2024
DOI 10.3389/fenvs.2024.1390101

https://www.frontiersin.org/articles/10.3389/fenvs.2024.1390101/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1390101/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1390101/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1390101/full
https://www.frontiersin.org/articles/10.3389/fenvs.2024.1390101/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2024.1390101&domain=pdf&date_stamp=2024-05-30
mailto:zhouxiaoqin025@163.com
mailto:zhouxiaoqin025@163.com
mailto:prithvi.simha@slu.se
mailto:prithvi.simha@slu.se
https://doi.org/10.3389/fenvs.2024.1390101
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2024.1390101


initiative across the nation (Sripada, 2021). This ambitious program
aims to achieve sanitary toilet coverage rates of 85% by 2020 and 100%
by 2030 (Zhang et al., 2020). Since its inception, the Toilet Revolution
has broadened its focus beyond rural household sanitation facilities to
include public restrooms, particularly those in tourist areas. The
initiative has resulted in significant achievements over a relatively
short period. By 2018, the Toilet Revolution had reached over
10 million households, with a significant majority located in rural
areas. However, challenges persist in operation and management of
these toilet facilities (Genter et al., 2021; Zhang et al., 2023), including
lack of effective collaboration between stakeholders, low community
engagement and neglect of sanitation infrastructure ( Yang et al., 2017;
Wang et al., 2022; Cheng et al., 2018). Ensuring that improved
sanitation facilities meet residents’ expectations is crucial for
increasing acceptance and ownership (Li et al., 2024), as failure to
do so can inadvertently promote practices such as abandonment of
renovated toilets and open urination and defecation (Cherunya et al.,
2020; Yan et al., 2021).

The Toilet Revolution has received significant government
investment and policy support since it was launched, since it is
considered crucial to the nation’s efforts in improving sanitation and
living environment across rural areas. However, the success of such
programs cannot be solely contingent upon infrastructure development
and will require active involvement and acceptance of the local

population. In China, the perception of rural households as passive
participants in social governance initiatives has historically impacted
their engagement and enthusiasm for national programs. As the Toilet
Revolution progresses, examining the attitudes and feedback of rural
residents towards the management of sanitation systems is crucial, but
there has been little research on operational andmanagement aspects of
rural toilets built or renovated since the launch of the program. Such
insights are essential not only for assessing the program’s impact, but
also for identifying areas requiring further attention and improvement.

The overall aim of this study was to evaluate the impact and
social sustainability of the Toilet Revolution among rural
households across 10 provinces in China. Our main focus was on
identifying issues and challenges related to operation, management,
and economics of rural toilets. To this end, we considered potential
barriers, assessed innovative financing models, and developed
actionable strategies to enhance program outcomes and
stakeholder satisfaction with the Toilet Revolution in rural areas.

2 Methodology

We surveyed 656 households across 10 provinces in seven
geographical regions of China (Figure 1) from March to July of
2019, using face-to-face interviews based on a written questionnaire.

FIGURE 1
Location of the 10 provinces (Gansu, Guangxi, Henan, Jilin, Jiangsu, Jiangxi, Inner Mongolia, Qinghai, Shandong, and Sichuan) in China inwhich rural
households were surveyed using face-to-face interviews and a questionnaire.
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The interviews were conducted in Mandarin by nine professional
environmental engineers who received prior training in interview
methods. A list of interviewees was obtained from local authorities
and interviewers visited the selected household, asked the set of
questions in the questionnaire and recorded the answers in the
spaces provided on the printed form. Before the interview, all
respondents were informed of the purpose of the study and
assured that their participation was voluntary and anonymous,
and that their responses would be used only for scientific
research. None of the households withdrew in the middle of the
interviews.

The questionnaire was designed based on our previous
knowledge of fecal sludge management practices in China (Guo
et al., 2021; Simha et al., 2021; Zhou et al., 2022). A pre-test was
conducted with 10 households to test the appropriateness and clarity
of the questionnaire, after which some questions were simplified.
The study design was approved by the scientific and technological
ethics committee of the University of Science and Technology
Beijing (Reference number: 2021–5–103), as part of a larger
project aimed at field-testing renovated toilets in rural
households in China.

The questionnaire used in the main survey consisted of
31 questions divided into three sections (see Supplementary
Material). The first section (Q1-Q7) sought information about
the participant’s demographic characteristics, including gender,
age, education, occupation, household income, and family size.
The second section (Q8-Q20) investigated the current state of
rural household toilets, including information on type of toilet, if
and when the toilet was renovated, whether the household faced
issues related to malodor and flies, frequency and convenience of
toilet maintenance and cleaning, and models of operation,
management, and promotion of toilets in the rural province in
which the household was located. The third and final section (Q21-
Q31) sought insights into respondent knowledge, awareness, and
perceptions of the Toilet Revolution, including motivation for

TABLE 1 Geographical and sociodemographic characteristics of survey
respondents.

Variable n Proportion (%)

Province

Gansu 314 47.9

Guangxi 38 5.8

Henan 51 7.8

Jilin 46 7.0

Jiangsu 26 4.0

Jiangxi 26 4.0

Inner Mongolia 25 3.8

Qinghai 44 6.7

Shandong 31 4.7

Sichuan 55 8.4

Gender

Male 344 52.4

Female 312 47.6

Age

≤20 12 1.8

21–30 49 7.5

31–40 73 11.1

41–50 159 24.2

51–60 203 30.9

61–70 105 16.0

≥71 55 8.4

Education level

None 129 19.7

Primary school 180 27.4

Junior high school 232 35.4

Senior high school 72 11.0

Junior college 23 3.5

University or above 20 3.0

Occupation

Agriculture 413 63.0

Non-agricultural 130 19.8

None 113 17.2

Annual household income

Less than 10,000 CNY 233 35.5

10,000–20,000 CNY 166 25.3

20,000–40,000 CNY 139 21.2

(Continued in next column)

TABLE 1 (Continued) Geographical and sociodemographic characteristics
of survey respondents.

Variable n Proportion (%)

40,000–60,000 CNY 33 5.0

More than 60,000 CNY 44 6.7

Not clear 41 6.3

Number of permanent residents in the family

1 26 4.0

2 182 27.7

3 108 16.5

4 112 17.1

5 104 15.9

6 76 11.6

7 22 3.4

≥8 26 4.0
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renovating the household toilet, satisfaction with the renovated
toilet, quality of living environment, etc. The majority of the
questions were closed-ended, with multiple choice or binary
response options. In the third section, some open-ended
questions were included to allow participants to elaborate on
issues related to construction, installation, usage, and
maintenance of rural toilets and make suggestions for improving
these issues.

Responses to questions involving multiple choices were treated
as categorical variables. The Chi-square (χ2) test was used to assess
the strength of association between willingness of responding
households to participate in the Toilet Revolution’s call for
renovating rural toilets and possible explanatory variables
(gender, age, education, occupation, annual net income and
resident population) (Eq. 1).

χ2 � ∑
r

i

∑
c

j

(nij − Eij)2
Eij

(1)

where r is the number of rows (e.g., willingness to participate in
Toilet Revolution), c is the number of columns (gender, age,
education level, occupation, annual income, resident
population), nij is the observed value, and Ei is the expected
value, given by:

Eij � ni · nj
n

(2)

where n is the total number of respondents.
Associations with p < 0.05 were considered statistically

significant, where the larger the χ2 value, the greater the
difference between the observed value and the expected
value, i.e., the stronger the association between the two.
Results of the Chi-square test can be found in Supplementary
Tables S1, S2.

3 Results and discussion

3.1 Respondent demographics

The socio-demographic characteristics of the 656 rural
respondents are shown in Table 1. There was a slightly higher
proportion of male respondents (52%) than female respondents
(48%). The majority were aged between 40 and 60 years, and were
therefore middle-aged according to the United Nations definition
(Chen et al., 2022). The respondents had varying degrees of school
education and agriculture was the main occupation. Around 60% of
the respondents had annual income of less than CNY 20,000. Nearly

FIGURE 2
Perceptions of quality of the indoor living environment in households that undertook toilet renovations in terms of (A) number of mosquitoes and
flies during summer months, (B) odor, (C) convenience of cleaning the toilet, and (D) frequency of toilet maintenance.
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half of the surveyed households had three or fewer permanent
residents. It should be noted that the number of respondents
from Gansu province exceeded those from other provinces. This
discrepancy arose because the University of Science and Technology
Beijing has been offering targeted assistance to a poverty-stricken
county in Gansu province, which partly facilitated the organization
of households for the survey.

3.2 Current state of household toilets in
rural areas

Among the 656 responding households, 251 had renovated their
toilet during the previous 5 years as part of the Toilet Revolution.
Construction of toilets under the program usually proceeds in one of
three ways (Wang et al., 2022). (i) The local government provides
raw materials and households build the toilets themselves; (ii) the
local government sub-contracts toilet construction by public tender;
or (iii) households construct toilets completely by themselves. The
policy of the Toilet Revolution dictates that the costs for upgrading
toilets will be paid by the government, while other costs must be paid
by households. Among the 251 households that undertook toilet
renovations, 40% received a full subsidy from the government and
the remaining households funded their own toilet renovation. The

most common toilets that renovated are “three-chamber septic tank
toilets” (44.6%), followed by “mixed-dry toilets” (30.3%), sewage-
connected flushing toilets (12.4%), biogas toilets (6.8%) and dual-
urn funnel toilet (6.0%). It can be seen that around 70% opting were
water-flushing toilet systems. In terms of improving the quality of
the indoor environment, 62% of adopting households reported that
the renovated toilets were free of flies and mosquitoes (Figure 2A),
even during the summer months. Around 72% reported that the
toilets reduced malodor (Figure 2B), and >70% considered that the
toilets were easy to clean (Figure 2C) andmaintain daily (Figure 2D).

- Among the 405 households that did not renovate toilets over
the past 5 years, 87% used dry toilets where urine and feces are
collected together, while the rest mostly used existing three-chamber
septic tank toilets (Figures 5G–I). In terms of indoor environment
quality, half of these households reported that their toilets had issues
related to flies and mosquitoes during summer (Figure 3A). Around
72% reported that the toilets smelt bad, of which 33% reported that
the malodor was intolerable (Figure 3B). Despite these issues, the
majority found the toilets easy to clean (Figure 3C) and maintain
without needing repairs (Figure 3D).

When households were asked to express level of satisfaction with
their toilets (Figure 4), 78% of the 251 households that had recently
renovated their toilets (Figures 5A–C) stated that the toilet met their
expectations. In fact, the majority of these households gave their

FIGURE 3
Perceptions of quality of the indoor living environment in households that did not undertake toilet renovations in terms of (A) number ofmosquitoes
and flies during summer months, (B) odor, (C) convenience of cleaning the toilet, and (D) frequency of toilet maintenance.

Frontiers in Environmental Science frontiersin.org05

Li et al. 10.3389/fenvs.2024.1390101

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1390101


renovated toilet a score of >80 out of 100 and >90% felt that the
renovation had improved the quality of their indoor living
environment. Dissatisfaction among the 40% of households that
had not renovated their toilet within the past 5 years stemmed from
safety and convenience issues with dry toilets. As these toilets are
usually installed outside the house to avoid malodor, they are
inconvenient to use during winter months and bad weather
(Figure 5E). There are also risks of children and elderly people
falling into the pit (Figures 5D, F). A previous study identified strong
odor and low fermentation efficiency as major drawbacks of
composting toilets (Gao et al., 2022). For water-flushed toilets,
dissatisfaction was linked to the unstable water supply in rural
areas, complicating cleaning and odor prevention.

We also found that 88% of all households did not have a formal
model for toilet operations (e.g., emptying tanks and transferring
waste for centralized treatment). Around 80% did not have a model
for managing products from sanitation systems (e.g., excreta or
biogas) and 72% did not have a clear business idea for maintaining
toilets (e.g., how to gain profit from the sanitation service chain).
This suggests a “build first, manage later” approach in
implementation of the Toilet Revolution, highlighting a need for
better planning in sanitation service management and utilization.

3.3 Household attitudes to the Toilet
Revolution

The majority of surveyed households were unaware of the Toilet
Revolution, with less than 5% having a clear understanding of its
objectives (Figure 6A), such as improved sanitation condition,
prevent the spread of waterborne disease, recovery nutrients and
energy, etc., even though 43% had received publicity and training in
relation to the program (Figure 6B). Despite this, over 75%

expressed willingness to engage with the Toilet Revolution’s call
for action on sanitation issues affecting rural areas. Attitudes of
households that had recently renovated their toilet (n = 251) to the
Toilet Revolution were relatively more positive than those of
households which had not had a recent toilet renovation (n =
405) (Figure 6C). This discrepancy suggests that enhanced
awareness and education efforts are needed to ensure broader
support and participation in the Toilet Revolution.

When asked about willingness to pay for toilets (Figure 6D), most
households responded that they were unwilling to personally finance
toilet renovations and supplement government subsidies. Among
households that had participated in the Toilet Revolution, 9% were
willing to spend less than CNY 500 on retrofitting a toilet, 14% would
spend CNY 500-1000, 15% would spend CNY 1000-2000, and only
19%would spendmore than CNY 2000. Hence, the rest of them (about
43%) said that they are unwilling to pay. Compared with households
that had not performed any renovations a relatively larger proportion of
households that had recently renovated their toilets expressed
willingness to invest more than CNY 2000 in further renovations. A
previous survey found that mean willingness to pay for toilets among
rural households was USD 73 (CNY 525) in the Inner Mongolia region
and USD 64 (CNY 460) in Shaanxi province (Wu et al., 2019).

Results of Chi-square tests evaluating the strength of association
between explanatory variables and willingness of rural households in
different provinces in China to participate in the Toilet Revolution’s
call for renovating toilets, and their level of satisfaction with current
toilets, are shown in Figure 7. For households in Jilin province, net
annual household income had a significant negative correlation with
willingness to participate in toilet renovation, as households with
higher annual income were less willing to participate (Figure 7A).
Gender was not a significant explanatory variable determining
household attitudes, contradicting findings in a recent study on
toilet construction in India (Das et al., 2023). For households in

FIGURE 4
Survey household perceptions (n = 251) of (A) improvement in quality of indoor living environment due to renovated toilets and (B) level of
satisfaction (scored 0–100, 100 being extremely satisfied) with renovated toilets.
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Jiangsu province, age, education level, and occupation were found to
significantly affect willingness to participate in toilet renovation. Age
and level of education were significant in determining household
willingness to participate in toilet renovation in Qinghai and Inner
Mongolia, and their level of satisfaction with current
toilets (Figure 7B).

3.4 Implications for the Toilet Revolution

A predominant view among the survey respondents was that
government is the primary driver in promotion of sanitation
products and initiatives. However, government efforts alone may
fall short in fostering sustainability within the sanitation sector,

FIGURE 5
Examples of rural toilets after (A–C) and before (D–F) undergoing renovations as part of the Toilet Revolution. An example of a tool for cleaning
toilets (G) and a toilet undergoing renovation (H) are also shown. Despite renovations, some toilets ended up being used as storage spaces or enclosures
for livestock (I). All photos taken by the interviewers with the permission of the surveyed households.
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where involvement of private actors is crucial for construction,
operation, and upkeep of sanitation facilities (Wang et al., 2022).
In this study we developed a novel approach, called “Toilet
Business,” that leverages both governmental and social capital for
construction of rural sanitation facilities, with private entities taking
on their operation and maintenance. These entities would recoup
their investment through various revenue streams, such as leasing
spaces, advertising, and the sale of toilet products (e.g., fertilizers,
bioenergy). However, our survey revealed stark absence of a formal
business model for development and maintenance of sanitation
infrastructure in the 10 provinces surveyed. Over 85% of
respondents reported a lack of any structured approach, with the
majority relying on self-built and self-maintained facilities over time.
Only a few of the surveyed households (4%) were cognizant of
innovative approaches akin to “Toilet Business.”

Sanitation value chain theory suggests division of the internal
value chain into core and auxiliary components to enhance market
dynamism and the sustainability of sanitation services (Ushijima
et al., 2015; Tadesse and Bekele, 2022) (Figure 8). The core value
chain encapsulates basic sanitation system activities, while the
auxiliary value chain bolsters these activities. Together, they
ensure smooth and efficient function of the system. The core
value chain encompasses facility/equipment procurement,
production, operation, and marketing, while the auxiliary value

chain involves financial management, human resource
management, and technological research and development.

Regarding the core value chain, it should be noted that the
sanitation market is still at a rudimentary stage (Beard et al., 2022).
Given the modest profit margins within the industry, prioritizing
cost management is essential for profitability. Among the three
routes by which toilets are usually constructed in rural China,
securing a contractor via public tender and collaboration with a
project management contractor is the prevalent choice. A case in
point is the Inner Mongolia Autonomous Region, where a private
entity secured a contract for toilet construction at approximately
CNY 4000 per household. Since the subsidy provided by
government is around CNY 3000, the financial burden on
households was reduced to CNY 1000. However, our survey
revealed that 23% of the respondents were unwilling to invest
CNY 1000 or more in renovating toilets, which suggests that
private toilet construction companies must still explore cost-
cutting strategies, such as leveraging local materials or opting for
cost-effective design solutions (Willetts et al., 2017).

Revitalizing the sanitation market is another strategic avenue
that could be explored. The overall commerce market is currently
undergoing a shift from a traditional agent-based model to a direct
sales model, due to the emergence of e-commerce platforms. It is
important to note that rural households in China today have limited

FIGURE 6
Survey respondents’ attitudes to the Toilet Revolution (survey questionsQ26-Q29). Respondents were asked to state (A) their level of understanding
of the Toilet Revolution, (B) whether they had received publicity and training related to the Toilet Revolution, (C) their willingness to participate in the
Toilet Revolution’s call for action on sanitation issues affecting rural areas, and (D) the amount they were willing to spend on toilet renovation.
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choice in terms of toilet design and sanitation technologies,
predominantly due to the reliance of these on government
directives. This reliance confirms that the Toilet Revolution is
largely driven by national policy, rather than grassroots demand
or local innovation. However, leveraging the model of existing
online shopping platforms could change the rural sanitation
landscape. Such platforms could be used to showcase a wide
range of toilet products and services, making them readily
accessible to the public. As the penetration of mobile phones and
internet access in rural areas is high [260 mobile phones and
26 computers per 100 households by the end of the survey year
(2019)], there is good potential for e-commerce to revolutionize
rural sanitation. While transitioning to e-commerce might not
drastically cut procurement costs, it could streamline
procurement, tighten cost control, spur market competition,
promote innovation in technology, and improve service delivery
(Judge et al., 2021).

In the sanitation market, customers serve dual roles, as users and
overseers, complicating cost management efforts. Traditional
commercial investment models often overlook user

considerations, leading to a lack of robust mechanisms for
controlling sales costs. This oversight underscores the urgent
need for innovative financing strategies to infuse commercial
dynamics into the sector and enhance cost efficiency (Traoré
et al., 2017). One such strategy is the Public-Private Partnership
(PPP) model, where governments can incentivize corporate
investment through policy support and tax incentives. Our
survey revealed effects of adoption of the “who invests, who
benefits” principle in Shandong province, fostering PPP
collaborations that attract social capital in constructing tourist-
friendly toilets (Li et al., 2021). This approach not only bridges
funding gaps, but also aligns investor interests with public
sanitation goals.

In most sanitation-related projects, including the Toilet
Revolution, the majority of costs derive from acquisition of
essential infrastructure, such as squatting or sitting pans and
prefabricated septic tanks (Guo et al., 2021; Zhou et al., 2022). A
critical challenge lies in financing costs related to toilet operation
and maintenance. Reinvesting potential profits derived from
resource-oriented sanitation systems that produce valuable

FIGURE 7
Heatmap representing strength of association for factors (gender, age, level of education, occupation, net annual household income, and resident
population) explaining (A) household satisfaction with their current toilet system and (B) willingness of households to participate in the in the Toilet
Revolution’s call for renovating toilets. Strength of association (based on Chi-square analysis) for each explanatory factor is arranged by province in
alphabetical order. Color intensity correlates with strength of association, an asterisk (*) indicates a province with a statistically significant
association.
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products (e.g., fertilizer and biogas) is one approach to overcoming
this challenge. In previous studies, we revealed a disproportionate
emphasis on upgrading front-end facilities within the “Toilet
Renovation” initiative, with the management of human excreta
often overlooked (Zhou et al., 2022). The present study revealed
prevalent misuse of toilets connected to digesters, who primarily
regarded such digester as storage tank, and applied such excreta to
farmland directly without sufficient storage time. As was known to
all that the biogas digester requires a hydraulic retention time of
around 30 days so as to ensure the energy recovery efficiency and
hygiene before usage. Barriers to recycling human excreta include
inadequate technology, prohibitive costs, and odor issues, rendering
the sale of toilet products economically unviable and merely a tactic
to circumvent excreta disposal fees. Consequently, the financial
viability of rural sanitation systems relies on government
subsidies, which are vulnerable to policy shifts and budget cuts,
potentially leading to system neglect (Hu et al., 2021). Beyond
financial constraints, consumer skepticism about using human
excreta as fertilizer plays a significant role. Despite general
support for this end-use (Barton et al., 2021), grievances about
inconvenience (36%) and costs (10%) associated with recycling are
prevalent (Zhou et al., 2022), highlighting the complexity of
integrating human waste into agricultural practices both
logistically and perceptually. Nonetheless, human excreta
represent a vast untapped biological resource. Studies have
shown that recycling all human excreta produced annually at

global level could power over 138 million households if
converted to biogas (Wald, 2017) or replace up to 25% of the
synthetic nitrogen and phosphate fertilizer currently used in
agriculture (Simha, 2021; Vasiljev et al., 2022). China is
particularly well placed to tap into gains from such recycling, as
it is home to 25% of the global population.

4 Study limitations

This study did not fully capture progress of the Toilet Revolution
across China. Our analysis was based on data from 10 provinces
across seven geographical regions, chosen based on
recommendations of local government. This selection process
may not have encompassed the diversity of rural sanitation
conditions, particularly in more densely populated areas. The
scope of management and operational practices for sanitation
that could be examined was limited, and in assessment of the
sanitation service chain we combined survey data with personal
insights on the toilet market. Incorporating material obtained in
focus group discussions and in-depth interviews could provide a
more nuanced understanding of different stakeholder perspectives,
enriching the analysis of the sanitation value chain. The insights
presented here are reflective of the current situation, but the Toilet
Revolution is an active and evolving program that is influenced by
shifting policies and market dynamics.

FIGURE 8
A sanitation value chain approach.
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5 Conclusion

We surveyed rural households’ attitudes to sanitation facilities in
relation to the nationwide “Toilet Renovation” initiative in China
3 years after it was launched. The results showed that the Toilet
Revolution has fostered significant improvements in the quality of
rural living environment in the 10 provinces surveyed. However, a
pronounced dependence on government support among rural
households was noted, with substantial investments in toilet
infrastructure overshadowing cost considerations in management,
operation, and maintenance of toilets. To improve sustainability in
rural sanitation, we suggest establishment of a comprehensive
sanitation value chain for rural households and a “Toilet
Business” model that involves private sector actors. Overcoming
challenges in cost management and recognizing the importance of
innovative financing mechanisms, like PPP, are also necessary steps
to improve the sanitation value chain. Achieving the full potential of
the Toilet Revolution in rural areas will necessitate a collaborative
effort encompassing government bodies, private enterprises, and
the community.
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