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Container-Based Sanitation (CBS) has rapidly progressed from its inception less than a
decade ago to its recent classification as a type of improved sanitation facility by the
Joint Monitoring Programme. CBS in many ways represents a sustainable service, as it
addresses the entire sanitation service chain; offers a variety of service-based business
models; and is affordable to people living in marginalized and informal urban settlements.
At the same time, CBS services which have been operating for a number of years have
grown relatively slowly. Taking CBS to scale will require solving several diverse challenges,
particularly the need for government mandates; regulation; and innovative financing. This
paper presents the collective views of some of the world’s leading CBS practitioners in an
effort to summarize the potential, research gaps, and major challenges to scaling CBS.

Keywords: container-based sanitation, sustainable sanitation system, scale-up, safely managed sanitation, urban
sanitation, innovative financing, government regulation, improved sanitation services

INTRODUCTION

Sustainable Development Goal (SDG) target 6.2 aims to provide “access to adequate and equie
sanitation and hygiene for all and an end to open defecation.” The objective’s indicator is based on
the proportion of the population using safely managed sanitation, rather than obtaining access to
a basic toilet. Thus, government agencies and municipalities need to upgrade ~4.5 billion people
globally to safely managed sanitation services by 2030 (JMP)!. This monumental task falls primarily
upon low-income countries and rapidly growing informal urban settlements, which often have
large populations coupled with small implementation budgets. Choosing the most sustainable
methods and infrastructure for providing sanitation services to all remains a vexing challenge
(Whittington et al., 2008, 2012; Jeuland et al., 2013).

SDG target 6.2 is more demanding than the Millennium Development Goal targets.
Nevertheless, it provides an impetus to pursue more effective approaches that can serve the
entire sanitation value chain. One such example has been the rapid development of container-
based sanitation (CBS). CBS consists of an end-to-end service in which toilets collect excreta
in sealable, removable containers (also called cartridges). The containers are regularly collected
and transported to treatment facilities when full. Since 2010, modern CBS iterations have rapidly
evolved into a viable, low-cost sanitation option, particularly in low-income urban settlements
where demand for sanitation services is high and on-site sanitation and sewerage are not feasible
or cost-effective (O’Keefe et al., 2015; Russel et al., 2015; Tilmans et al., 2015; Nyoka et al., 2017).
While transporting waste in containers is not a new concept, doing so in a cost effective, safe and

1JMP. (2017). “Progress on Drinking Water, Sanitation and Hygiene: 2017 Update and SDG Baselines.”
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desirable manor has been a significant improvement over
previous systems (Nilsson, 2006; Letema et al., 2014).

CBS services have been provided by social enterprises or
NGOs, and several city utilities (such as Cape Town and Manila)
are adopting CBS as part of their approach to citywide inclusive
sanitation (CWIS). Revenues come from customer service fees
and the sale of waste treatment by-products, including compost;
protein (for animal feed); and energy (Preneta et al., 2013; Foote
et al., 2017). It is important to note that CBS service are not cost
recovering currently and some amount of philanthropic or public
financing is still necessary.

In 2018, the JMP formally recognized CBS as a type
of improved sanitation facility?>. The CBS full value chain
approach follows the SDG definition for “safely managed”
household sanitation (6.2), even in disaster and humanitarian
emergency conditions.

However, as noted in a 2019 World Bank report, despite
having been operational for a number of years, most CBS services
are still operating in relatively early stage development®. This
slow growth can primarily be attributed to the serious challenges
of operating a utility service focused on the urban poor in the
absence of an enabling environment supported by government
mandates and regulation.

DISCUSSION OF CBS SERVICE
POTENTIAL

CBS has several attributes that enable it to complement the
existing suite of sanitation solutions to provide a robust citywide
sanitation portfolio.

Flexible, Adaptable, and Modular

CBS has typically been used where it is infeasible or inappropriate
to install sewerage systems, such as in densely populated urban
neighborhoods, informal settlements, displaced person camps, or
areas with high water tables or risk of frequent flooding (O'Keefe
etal., 2015; Russel et al., 2015; Greenland et al., 2016; Nyoka et al.,
2017).

Traditional sewerage systems require significant up-front
capital investment and reliable water and energy supplies to
function (Haller et al., 2007; Hutton, 2008; Massoud et al., 2009).
Simplified sewers which have been successfully implemented
for lower costs than traditional sewers in Brazil and Pakistan
also need reliable water supplies (Mara and Alabaster, 2008).
Highly professionalized, well-resourced utilities are also required
to operate and maintain traditional sewers. Installing sewers may
additionally be politically challenging, and can confer legitimacy
on squatter settlements, disrupting the integrity of property laws
(McFarlane, 2008; Scott et al., 2013; Meeks, 2018). Waterborne
sewerage alone is thus unlikely to achieve SDG target 6.2, and
calls are increasing for the use of more non-networked options
(Mara and Evans, 2018).

2JMP. (2018). “Core questions on drinking water, sanitation and hygiene for
household surveys: 2018 update.”
3WB. (2019). “Evaluating the Potential of Container-Based Sanitation.”

In contrast, CBS toilets have a lower capital burden,
require less water and energy to operate, and require limited
infrastructure or installation, allowing users continuous service
even after a move (Figure 1). In addition, CBS has the potential
to be deployed in new areas and quickly scaled to match refugee,
emergency, or disaster response needs (Nyoka et al., 2017).

Due to the relatively nascent nature of CBS, operators have
typically had to act as designers, developers and builders, all
while trying to meet health and safety standards for the entire
sanitation value chain. However, the individual modules of the
CBS value chain could be plugged into existing CWIS systems
to strengthen overall sanitation service delivery. For example,
Sanivation treatment plants accept both CBS and pit latrine
waste, Sanergy integrates organic solid waste into its treatment
process, and Clean Team disposes of waste at government
treatment facilities.

Reducing Water Usage

The use of water to convey waste creates interdependency
between the SDG sanitation target (6.2) the SDG water target
(6.1). However, it is impractical in many regions to expect
water availability and infrastructure to be able to support the
implementation of sanitation in addition to providing basic
water access. Instead of water, CBS uses dry cover material
(sawdust, charcoal powder or unused by-products of agricultural
production) or polymer film (e.g., Loowatt) for “flushing®”.
Water savings using dry or minimal-water systems like CBS as
compared to water-flush systems can vary from 6 m*/person to 25
m?/person annually, depending on waste separating techniques
(Andersson, 2016). Such water saving solutions are becoming
more crucial as global cities struggle with the increasing
likelihood of water shortages (Muller, 2018).

Combating Climate Change

Sanitation is a significant contributor of greenhouse gas
emissions (GHG), producing ~2-6% of global anthropogenic
methane (Saunois et al., 2016). As urban populations grow, the
use of rudimentary sanitation systems like pit latrines, septic
tanks, and waste settling ponds will increase sanitation-related
GHG emissions, potentially undermining efforts to slow climate
change (Reid et al.,, 2014; Ryals et al., 2019). Thus, increased
access to sanitation could be linked to increased GHG emissions,
unless the prevailing sanitation paradigm shifts to climate-
positive sanitation solutions.

A recent study in Haiti found the CBS system there
produced less net GHG emissions compared to both waste
stabilization ponds and illegal dumping (Ryals et al., 2019).
Furthermore, depending on the resource recapture and reuse
technology employed during treatment, CBS, unlike other
sanitation systems, could contribute to carbon sequestration
(Ryals and Silver, 2013; Paustian et al., 2016). CBS toilets produce
less diluted or decomposed waste, which is ideal for reuse
because it has not been mixed with graywater in sewers or
stored in a pit for extended periods of time. As a result, fecal
waste from CBS systems often produces higher quality reuse

4Dry cover material acts as a visual barrier, smell reducer, and desiccant.
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* A CBS toilet captures
excreta in a sealed
container.

* A CBS toilet is
typically waterless
and often portable.
In most cases, a
urine-diverting dry
toilet is used to
minimize the volume
and weight of the
container.

* When full, the
container is exchanged
for an empty, clean
container.

* Service providers
typically collect the full
containers weekly

or biweekly.

* Service providers
are professionally
employed to empty
the toilets — reducing
stigma and providing

* Excreta-filled containers
are sealed and transported
to a treatment or disposal
site.

* Single-stage transport
places containers directly
into a transport vehicle.

* Two-stage transport uses
push carts, then consolidates
the containers at a
collection depot before
placing them into a larger
transport vehicle.

*Waste is removed,
processed, and the
containers are
disinfected before
reuse.

* CBS waste is typically
drier and contains less
garbage relative to latrine
and sewer waste.

* Waste processing
can take many forms,
from simple pathogen
reduction to full
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* The most common
methods of resource
recovery are
thermophilic
composting, as well
as the production of
biogas, biomass fuel,
and animal feed,

* There remains
potential to recapture
nutrients such as
nitrogen and
phosphorous from

dignified work.

FIGURE 1 | CBS sanitation value chain.

resource recovery. urine.

products like biomass and biogas fuels, fertilizer, or animal
feed. Hence, CBS could allow for simultaneous progress toward
increasing global sanitation access and reducing sanitation-
related GHG emissions.

Hygienically Safe

CBS services encompass the full sanitation value chain, and
therefore meets the requirement for safely managed sanitation
according to the WHO. Assuming feces are properly handled
throughout the service chain, including treatment and safe
disposal/reuse, CBS is likely to be an effective solution for
limiting the spread of fecal contamination within household and
community environments (Preneta et al., 2013; Russel et al., 2015;
Foote et al., 2017; Mackinnon et al., 2018; Bischel et al., 2019).

Protecting Women and Girls

Two recent reports from the Bill and Melinda Gates Foundation
on gender and sanitation noted that in-home CBS services
provide women and girls with a private, safe space to use the
toilet and manage menstruation and pregnancy5 . By contrast,
open defecation and public sanitation options expose women and
girls to high risks of violence and harassment as they travel to
defecation locations, often at night (Pommells et al., 2018; Sclar
et al,, 2018). CBS could contribute to multi-sector approaches to
eradicate this type of violence and harassment.

Affordable and Cost Effective

There has been widespread optimism around the potential
for CBS providers to be financially self-sustaining given their

SBMGE. (2018). “Gender and the Sanitation Value Chain: A Review of the
Evidence” and “Case Studies in Gender Integration: Sanitation Product and Service
Delivery in Kenya.”

business-focused approach®. A 2018 EY report found that Clean
Team in Ghana was able to achieve positive gross margins, a
significant step toward self-sufficiency’. However, whilst positive
gross margins are possible, this could come at the expense
of affordable user fees, thus defeating the goal of universal
coverage at the city level®. Currently, CBS provider user fees
in Ghana, Haiti, and Peru range from 3.21 to 12.00 USD per
household per month (these fees are between 1.2 and 2.5%
of a household income, assuming one adult in the household
is earning the annual gross national income). Both a 2017
Copenhagen Consensus Center report and the 2019 World Bank
report note that CBS is an affordable and likely cost-effective
method of expanding services to marginalized communities’.
However, the principal pathway to achieving scale is likely to be
through government-backed contracts which guarantee service
providers revenue and reduce risk.

DISCUSSION OF KEY CHALLENGES FOR
CBS

Enabling Environment

Gaining government buy-in at national and local/district levels

is essential to extending CBS into unserved areas. However,

challenges remain in persuading governments and the wider

sanitation sector that CBS is a viable alternative to sewerage.
While CBS has gained official recognition in the 2016 Kenya

Environmental Sanitation and Hygiene Strategic Framework as a

SEY and WSUP. (2017). “The World Can’t Wait for Sewers.”

7EY. (2018). “Global Leaders in Household Container-Based Sanitation Services.”
8Combined WASH expenditures below 5% of household income are generally
considered affordable.

9Sklar and Faustin. (2017). “Pit Latrines or Container Based Toilets?”
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safe and cost-effective alternative to sewers and on-site sanitation
systems, most countries have yet to take any official stance (van
Welie et al., 2019). This is often due to a lack of regulation
or restrictive regulation based on outdated definitions of what
comprises “safe” sanitation (Peal et al., 2014; O’Keefe et al., 2015).

In an effort to improve the enabling environment, the
Container-Based Sanitation Alliance (CBSA) was formed in
2016 and became a legal entity in 2019'°. The CBSA seeks to
standardize CBS through research and advocacy. Each CBSA
member seeks to build a policy environment in their respective
countries that is conducive to the provision of CBS services.
For example, CBSA members are working together with local
government partners to conduct World Health Organization
(WHO) Sanitation Safety Planning (SSP)!!, which is a modular
risk assessment process used to understand and mitigate health-
related hazards for each link of the sanitation chain. There is
a need to foster conducive policy frameworks and regulation
for waste reuse, as well as the development of markets for
reuse byproducts.

Financial

There is a significant investment hurdle to ensure a CBS service
can start and grow. The unit economics of sanitation and,
in particular, the fees that customers can pay (assuming ~2-
3% of household budgets) means the economics are difficult.
Additionally, there are few examples of full value chain sanitation
services in low-income markets and thus few examples of how
to pay for such services. More research is therefore needed to
compare the costs and benefits of CBS to traditional options
and to understand the magnitude of cost savings gained through
increasing service densities and economies of scale.

A new CBS service requires capital expenditures on treatment
systems, conveyance equipment (i.e. trucks and carts), and toilets.
These expenditures can be very expensive and difficult for any
single organization to cover on their own. Additionally, by
committing to addressing the full sanitation value chain, CBS
providers may have higher operational cost as compared to pit
emptying services. However, CBS providers are demonstrating
that the use of novel treatment technologies which are safe,
efficient, and can facilitate resource recovery ultimately make
CBS more cost effective. Thus, leveraging public, philanthropic,
and private funds to get CBS services running at scale can
lead to greater return on investment in terms of public goods
(public health and environmental quality) as well as private goods
(privacy, cleanliness, and social status) than traditional options in
dense urban settlements.

At an operational level, access to capital and longer-term
financing mechanisms to scale up CBS services is often lacking
(O’Keefe et al., 2015). CBS implementers are working to develop
blended finance models for ensuring that there is sustainable
financing in place from a mixture of earned revenues and

10Founder members of the CBSA include Clean Team (Ghana), Loowatt
(Madagascar), Sanergy and Sanivation (Kenya), SOIL (Haiti) and X-Runner
(Peru). Additional CBSA members and affiliates: Sanitation First (India) and
Mosan (Guatemala). Additional CBS organizations: Fundaciéon Sumaj Huasi
(Bolivia) and Non-Water Sanitation (India).

'WHO. (2016). “Sanitation Safety Planning.”

public sector funding. Like all sanitation options, ongoing public
support will be required. This may be through public-private
partnership models or other government support such as land
leases, tax reductions, access to lower-cost capital, carbon credits,
or electricity supply.

Management and Staffing

Some CBS service providers have faced challenges to hire,
train and manage their workforces. In some contexts, local
recruitment, and retention of high capacity staff can be
challenging, as team members must be interested in working
in a low-margin and historically stigmatized sector. Similarly,
there can be a lack of fecal sludge experts as education
typically focuses on traditional sewerage and wastewater
treatment plant operations. Thus, incentivizing the creation
of university programs that include training in a variety of
sanitation technologies, in similar ways to the Gates Foundation-
funded MSc at THE Delft would be very helpful. Furthermore,
governments could provide incentives to encourage qualified
professionals to continuing working in nascent sanitation
services that currently do not provide the economic security of
more established sanitation jobs.

Building a More Complete Solution

A toilet must be attractive and aspirational to customers, easy
to use, durable, and simple to install. It also needs to be
attractive to governments and utilities, and meet the needs
of their constituents (i.e., politically and culturally acceptable).
The toilet user interface can largely be classified by defecation
position and anal cleansing preferences (Figure 2). Currently,
the majority of CBS toilets are designed for sitters and wipers.
Wash water is a particularly important challenge in a dry CBS
system, thus more research and design work are needed in washer
dominated locations.

Currently, not all CBS services collect urine, as it represents a
high added cost due to its weight and volume. While infiltration
or urine and graywater may be an acceptable short-term solution,
large scale infiltration of urine could lead to elevated nitrate
and nitrite levels, as well as pharmaceutical contamination in
groundwater (Templeton et al., 2015; Larsen et al, 2016). In
places where water tables are high or infiltration is slow, there
could be significant standing water and contamination issues.
There has been substantial research by the VUNA project among
others on urine resource recovery, but these technologies have
not been integrated into CBS services (Simha and Ganesapillai,
2017; Hyun et al., 2019; Nagy et al., 2019)12. Applied research
that achieves a value-add proposition for integrating urine and
graywater solutions in CBS services is an area of great interest.

Additionally, more research is need into the impacts CBS
services have on access equality and inclusion. Given the
potential to positively impact the lives of women and girls,
their needs should be at the forefront of future research and
design work.

12The VUNA project was a collaboration of EAWAG and municipality of
eThekwini in South Africa (https://www.eawag.ch/en/department/eng/projects/
vuna/).
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Logistics

CBS providers have been developing digital systems to support
and strengthen service delivery as well as improve the customer
experience through better logistics management (Saul and
Gebauer, 2018). To aid in this digital transformation, CBSA
members have been collaborating on a shared IT platform
(VeriSan) for the management of service provision, but
continued innovation will be an ongoing necessity.

Transportation needs to be developed in context, especially
where there may be poor road infrastructure, high housing
density or difficult topography. Several CBS providers use a two-
stage model: door-to-door collection of containers with push
carts or small motorized vehicles; use of transfer stations for
temporary storage; and employing larger trucks for secondary
delivery of containers to waste treatment facilities. Transport
distance between households and treatment facilities is a key cost
driver, and exploring innovative methods for route optimization
is an ongoing and needed area of research.

Finally, maintaining hygienic safety throughout the sanitation
value chain is essential. Future work that monitors potential
contamination failure points and the magnitude of the associated
risk in comparison to traditional sanitation options is important
for improving the safety of CBS.

CONCLUSION

CBS has the potential to reach un- and under-served urban
communities with sustainable, high quality, cost-effective

services that can vyield multiple economic, health and
environmental returns. However, wider sector buy-in and
financing is required—this will help shift the prevailing
paradigm to a broader understanding of the suite of sanitation
options necessary for achieving inclusive citywide sanitation.
There is a need to encourage sanitation and public health
ministries and policy makers to include CBS among their
sanitation policy options and to structure financing (e.g.,
targeted investment and tariffs, payment by results mechanisms,
etc.) and public-private partnerships to support the expansion of
CBS services.

With cities expanding at unprecedented rates and the
number of people living in informal urban settlements
expected to double by 2030, it is critical that new
sanitation technologies and services like CBS be studied

and made available to governments and unserved
communities'3.
AUTHOR CONTRIBUTIONS

KR, KH, MR, DA, AFE, SK, and RB contributed the concept
and identification of the perspectives presented. KR wrote
the first draft of the manuscript. All authors contributed to
manuscript revision and have both read and approved of the
submitted version.

13UN-Habitat. (2010). “The Challenge of Slums.”

Frontiers in Environmental Science | www.frontiersin.org

5 November 2019 | Volume 7 | Article 190


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Russel et al.

Scaling Container-Based Sanitation

FUNDING

The research for this paper was not funded, however the
Greenbaum Foundation is providing funds for the open access
publication fees. Additionally, the CBSA and its initiatives
have been funded or provided in-kind support from the
following organizations: The Stone Family Foundation, the
Osprey Foundation, the Vitol Foundation, GSMA Mobile for
Development, Oxfam, WSUP, EY, the Toilet Board Coalition, the

REFERENCES

Andersson, K. (2016). Sanitation, Wastewater Management and Sustainability:
From Waste Disposal to Resource Recovery. Nairobi; Stockholm: United Nations
Environment Programme and Stockholm Environment Institute.

Bischel, H. N., Caduff, L., Schindelholz, S., Kohn, T., and Julian, T. R. (2019).
Health risks for sanitation service workers along a container-based urine
collection system and resource recovery value chain. Environ. Sci. Technol. 53,
1-13. doi: 10.1021/acs.est.9b01092

Foote, A. M., Woods, E., Fredes, F., and Leon, J. S. (2017). Rendering fecal waste
safe for reuse via a cost-effective solar concentrator. J. Water sanit. Hyg. Dev. 7,
252-259. doi: 10.2166/washdev.2017.112

Greenland, K., de-Witt Huberts, J., Wright, R., Hawkes, L., Ekor, C., and Biran,
A. (2016). A cross-sectional survey to assess household sanitation practices
associated with uptake of “Clean Team” serviced home toilets in Kumasi,
Ghana. Environ. Urban. 28, 583-598. doi: 10.1177/0956247816647343

Haller, L., Hutton, G., and Bartram, J. (2007). Estimating the costs and health
benefits of water and sanitation improvements at global level. J. Water Health
5, 467-480. doi: 10.2166/wh.2007.008

Hutton, G. (2008). Global costs of attaining the millennium development goal
for water supply and sanitation. Bull. World Health Organ. 86, 13-19.
doi: 10.2471/BLT.07.046045

Hyun, C., Burt, Z., Crider, Y., Nelson, K. L., Prasad, C. S. S., Rayasam,
S. D. G, et al. (2019). Sanitation for low-income regions: a cross-
disciplinary —review. Amnu. Rev. Environ. Resourc. 44, 287-318.
doi: 10.1146/annurev-environ-101718-033327

Jeuland, M. A., Fuente, D. E., Ozdemir, S., Allaire, M. C., and Whittington,
D. (2013). The long-term dynamics of mortality benefits from improved
water and sanitation in less developed countries. PLoS ONE 8:e74804.
doi: 10.1371/journal.pone.0074804

Larsen, T. A., Hoffmann, S., Liithi, C., Truffer, B., and Maurer, M. (2016). Emerging
solutions to the water challenges of an urbanizing world. Science 352, 928-933.
doi: 10.1126/science.aad8641

Letema, S., van Vliet, B., and van Lier, J. B. (2014). Sanitation policy
and spatial planning in urban East Africa: diverging sanitation spaces
and actor arrangements in Kampala and Kisumu. Cities 36, 1-9.
doi: 10.1016/j.cities.2013.08.003

Mackinnon, E., Campos, L. C., Sawant, N., Ciric, L., Parikh, P., and Bohnert,
K. (2018). Exploring exposure risk and safe management of container-
based sanitation systems: a case study from Kenya. Waterlines 37, 280-306.
doi: 10.3362/1756-3488.00016

Mara, D., and Alabaster, G. (2008). A new paradigm for low-cost urban water
supplies and sanitation in developing countries. Water Policy 10, 119-129.
doi: 10.2166/wp.2008.034

Mara, D., and Evans, B. (2018). The sanitation and hygiene targets of the
sustainable development goals: scope and challenges. J. Water Sanit. Hyg. Dev.
8, 1-16. doi: 10.2166/washdev.2017.048

Massoud, M. A., Tarhini, A., and Nasr, J. A. (2009). Decentralized approaches to
wastewater treatment and management: applicability in developing countries.
J. Environ. Manag. 90, 652-659. doi: 10.1016/j.jenvman.2008.07.001

McFarlane, C. (2008). Sanitation in Mumbai’s informal settlements: state, “slum,”
and infrastructure. Environ. Plann. A 40, 88-107. doi: 10.1068/a39221

Meeks, R. C. (2018). Property rights and water access: evidence from land titling in
rural Peru. World Dev. 102, 345-357. doi: 10.1016/j.worlddev.2017.07.011

World Health Organization and the Water Supply and Sanitation
Collaborative Council (WSSCCQC).

ACKNOWLEDGMENTS

The authors would like to express our endless gratitude to
Tracey Keatman, Molly Case, and Sebastien Tilmans for all their
assistance in editing this paper and coordinating the CBSA.
Thank you to Kris Russel for creating the figures.

Muller, M. (2018). Lessons from cape town’s drought. Nature 559, 174-176.
doi: 10.1038/d41586-018-05649-1

Nagy, J., Mikola, A., Pradhan, S. K., and Zseni, A. (2019). The utilization of struvite
produced from human urine in agriculture as a natural fertilizer: a review.
Period. Polytech. Chem. Eng. 63, 478-484. doi: 10.3311/PPch.12689

Nilsson, D. (2006). A heritage of unsustainability? Reviewing the origin of the
large-scale water and sanitation system in Kampala Uganda. Environ. Urban
18, 369-385. doi: 10.1177/0956247806069618

Nyoka, R., Foote, A. D., Woods, E., Lokey, H., O’Reilly, C. E., Magumba, F., et al.
(2017). Sanitation practices and perceptions in Kakuma refugee camp, kenya:
comparing the status quo with a novel service-based approach. PLoS ONE
12:¢0180864. doi: 10.1371/journal.pone.0180864

O’Keefe, M., Liithi, C., Tumwebaze, I. K., and Tobias, R. (2015). Opportunities
and limits to market-driven sanitation services: evidence from urban
informal settlements in East Africa. Environ. Urban 27, 421-440.
doi: 10.1177/0956247815581758

Paustian, K., Lehmann, J., Ogle, S., Reay, D., Robertson, G. P., and Smith, P. (2016).
Climate-smart soils. Nature 532, 49-57. doi: 10.1038/naturel17174

Peal, A, Evans, B., Blackett, I., Hawkins, P., and Heymans, C. (2014). Fecal sludge
management: a comparative analysis of 12 cities. J. Water Sanit. Hyg. Dev. 4,
563-575. doi: 10.2166/washdev.2014.026

Pommells, M., Schuster-Wallace, C., Watt, S., and Mulawa, Z. (2018). Gender
violence as a water, sanitation, and hygiene risk: uncovering violence against
women and girls as it pertains to poor wash access. Violence Against Women 24,
1851-1862. doi: 10.1177/1077801218754410

Preneta, N., Kramer, S., Magloire, B., and Noel, J.-M. (2013). Thermophilic co-
composting of human wastes in Haiti. J. Water Sanit. Hyg. Dev. 3, 649-654.
doi: 10.2166/washdev.2013.145

Reid, M. C, Guan, K., Wagner, F., and Mauzerall, D. L. (2014). Global
methane emissions from pit latrines. Environ. Sci. Technol. 48, 8727-8734.
doi: 10.1021/es50154%h

Russel, K. C., Tilmans, S., Kramer, S., Sklar, R., Tillias, D., and Davis, J. (2015).
Impacts of a container-based, household toilet and waste collection service
intervention in Cap Haitien, Haiti. Environ. Urban 27, 525-540.

Ryals, R., McNicol, G., Porder, S., and Kramer, S. (2019). Greenhouse gas fluxes
from human waste management pathways in Haiti. J. Clean. Prod. 226,
106-113. doi: 10.1016/j.jclepro.2019.04.079

Ryals, R., and Silver, W. L. (2013). Effects of organic matter amendments on net
primary productivity and greenhouse gas emissions in annual grasslands. Ecol.
Appl. 23, 46-59. doi: 10.1890/12-0620.1

Saul, C., and Gebauer, H. (2018). Digital transformation as an enabler for
advanced services in the sanitation sector. Sustainability 10, 752-718.
doi: 10.3390/s5u10030752

Saunois, M., Bousquet, P., Poulter, B., Peregon, A., Ciais, P., Canadell, J. G., et al.
(2016). The global methane budget 2000-2012. Earth Syst. Sci. Data 8, 697-751.
doi: 10.5194/essd-8-697-2016

Sclar, G. D., Penakalapati, G., Caruso, B. A., Rehfuess, E. A., Garn, J. V,,
Alexander, K. T., et al. (2018). Exploring the relationship between sanitation
and mental and social well-being a systematic review and qualitative
synthesis. Soc. Sci. Med. 217, 121-134. doi: 10.1016/j.socscimed.2018.
09.016

Scott, P., Cotton, A., and Khan, M. S. (2013). Tenure security and household
investment decisions for urban sanitation: the case of Dakar, Senegal. Habitat
Int. 40, 58-64. doi: 10.1016/j.habitatint.2013.02.004

Frontiers in Environmental Science | www.frontiersin.org

November 2019 | Volume 7 | Article 190


https://doi.org/10.1021/acs.est.9b01092
https://doi.org/10.2166/washdev.2017.112
https://doi.org/10.1177/095624781664734
https://doi.org/10.2166/wh.2007.008
https://doi.org/10.2471/BLT.07.046045
https://doi.org/10.1146/annurev-environ-101718-033327
https://doi.org/10.1371/journal.pone.0074804
https://doi.org/10.1126/science.aad8641
https://doi.org/10.1016/j.cities.2013.08.003
https://doi.org/10.3362/1756-3488.00016
https://doi.org/10.2166/wp.2008.034
https://doi.org/10.2166/washdev.2017.048
https://doi.org/10.1016/j.jenvman.2008.07.001
https://doi.org/10.1068/a39221
https://doi.org/10.1016/j.worlddev.2017.07.011
https://doi.org/10.1038/d41586-018-05649-1
https://doi.org/10.3311/PPch.12689
https://doi.org/10.1177/0956247806069618
https://doi.org/10.1371/journal.pone.0180864
https://doi.org/10.1177/0956247815581758
https://doi.org/10.1038/nature17174
https://doi.org/10.2166/washdev.2014.026
https://doi.org/10.1177/1077801218754410
https://doi.org/10.2166/washdev.2013.145
https://doi.org/10.1021/es501549h
https://doi.org/10.1016/j.jclepro.2019.04.079
https://doi.org/10.1890/12-0620.1
https://doi.org/10.3390/su10030752
https://doi.org/10.5194/essd-8-697-2016
https://doi.org/10.1016/j.socscimed.2018.09.016
https://doi.org/10.1016/j.habitatint.2013.02.004
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Russel et al.

Scaling Container-Based Sanitation

Simha, P., and Ganesapillai, M. (2017). Ecological sanitation and nutrient recovery
from human urine: How far have we come? A review. Sustain. Environ. Res. 27,
107-116. doi: 10.1016/j.serj.2016.12.001

Templeton, M., Hammoud, A., Butler, A., Braun, L., Foucher, J.-A., Grossmann,
J., et al. (2015). Nitrate pollution of groundwater by pit latrines in developing
countries. AIMS Environ. Sci. 2, 302-313. doi: 10.3934/environsci.2015.2.302

Tilmans, S., Russel, K., Sklar, R., Page, L., Kramer, S., and Davis, J.
(2015). Container-based sanitation: assessing costs and effectiveness of
excreta management in Cap Haitien, Haiti. Environ. Urban. 27, 89-104.
doi: 10.1177/0956247815572746

van Welie, M. J., Truffer, B, and Yap, X.-S. (2019). Towards sustainable

urban basic services in low-income countries. a technological
innovation system analysis of sanitation value chains in Nairobi.
Environ. Innov. Societal Trans. 33, 1-19. doi: 10.1016/j.eist.2019.
06.002

Whittington, D., Hanemann, W. M., Sadoff, C., and Jeuland, M. (2008). The
challenge of improving water and sanitation services in less developed
countries. FNT Microeconomics 4, 469-609. doi: 10.1561/0700000030

Whittington, D., Jeuland, M., Barker, K., and Yuen, Y. (2012). Setting

priorities, targeting subsidies among water, sanitation, and preventive
health interventions in developing countries. World Dev. 40, 1546-1568.
doi: 10.1016/j.worlddev.2012.03.004

Conflict of Interest: KR serves as the Chair of the CBS Alliance. KH, MR, DA, AF,
SK, and RB are all members on the steering committee of the CBS Alliance and
individually represent organizations providing CBS services in different locations
around the world. The CBSA is an alliance of CBS providers (www.cbsa.global).
The CBS Alliance’s stated goal is to deliver greater quality and availability of CBS
services through the formalization of CBS as a widely accepted and endorsed
approach among municipalities and regulators.

Copyright © 2019 Russel, Hughes, Roach, Auerbach, Foote, Kramer and Bricefio.
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 | www.frontiersin.org

November 2019 | Volume 7 | Article 190


https://doi.org/10.1016/j.serj.2016.12.001
https://doi.org/10.3934/environsci.2015.2.302
https://doi.org/10.1177/0956247815572746
https://doi.org/10.1016/j.eist.2019.06.002
https://doi.org/10.1561/0700000030
https://doi.org/10.1016/j.worlddev.2012.03.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

	Taking Container-Based Sanitation to Scale: Opportunities and Challenges
	Introduction
	Discussion of CBS Service Potential
	Flexible, Adaptable, and Modular
	Reducing Water Usage
	Combating Climate Change
	Hygienically Safe
	Protecting Women and Girls
	Affordable and Cost Effective

	Discussion of Key Challenges for CBS
	Enabling Environment
	Financial
	Management and Staffing
	Building a More Complete Solution
	Logistics

	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


