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Domestic private fecal sludge emptying services in
Cambodia: between market efficiency and regulation
needs for sustainable management

Clément Frenoux and Alicia Tsitsikalis

ABSTRACT

Over the past decades, in developing countries, several urban sanitation management models have
been promoted, showing various results, often poor, as regards reducing negative environmental,
public health impacts and in reaching access to sanitation for all. Many studies and reports highlight
that solutions should be found by promotion of on-site and decentralized sanitation approaches
including fecal sludge management (FSM). However, few papers have either offered a
comprehensive analysis of FSM services, regarding both demand from households and services
provision from public and/or private operators. Based on field research in Cambodia, this paper aims
to fill this gap. It is built on a large survey conducted in three cities in 2011. Results showed that the
Cambodian FSM sector is dominated by private mechanical extraction and transportation operators
(ETO). The FSM market looks economically efficient with reasonable fees. It also offers a reasonably
high level of service quality including profitability of businesses, although the FSM market is also
characterized by strong negative environmental externalities that are not considered. Consequently,
this paper advocates an integrated urban sanitation approach that aims at exploring in more
detail how to integrate gradually and complementarily private mechanical ETOs and households
practices into a more complex sanitation urban model raising the key issue of financing the
externalities” costs.
Key words | externalities, fecal sludge management, market-oriented approach, regulation, urban
sanitation
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In developing countries, over the past decades, several urban
sanitation management and governance models have been
promoted showing various results, often poor, in reducing
environmental pollution and negative public health impacts
as well as in reaching access to sanitation for all. Most of
them were focused on combined sewerage infrastructural
approaches using particularly public-managed arrangements
linked or not with water supply utilities. Internationally recog-
nized, failures of this model have many faces. They are mostly
due to the high up-front investment costs, the specific urban
growth of developing cities characterized by urban sprawl,
the singularinereasesingworldsurbangpopulation particularly
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in developing countries. Failures are also linked to inappropri-
ate financing incentives’ modalities (subsidies, grants, etc.), the
maladaptation of governance models to encompass the hetero-
geneous nature of household demand and particularly
regarding the poor. Concerning this, an international consen-
sus has arisen among most researchers, international donors
and non-governmental organizations (NGOs). It advocates
that solutions to these problems should be found by the pro-
motion of on-site and/or decentralized sanitation using a
market-based approach, notably encouraging fecal sludge
management (FSM) services, as conventional/combined sew-
erage systems investment costs remain far too expensive.
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However, few papers have either offered a comprehensive
analysis on an in-depth assessment of FSM practices, both con-
cerning demand from households and on FSM service
provision from public and private operators. Moreover,
although FSM has progressively gained interest, most attention
remains focused on the ‘quantity of sanitation systems built’
(how to increase the rate of access to sanitation) rather than
raising the crucial question about the ‘quality of sanitation
system’ (how to improve the urban sanitation system manage-
ment). Using an in-depth field research commissioned and
funded by the Bill and Melinda Gates Foundation, this paper
aims first to fill this gap. It is based on a large survey conducted
in three Cambodian cities in 2011: Kampot (a small city), Siem
Reap (a medium-sized city), and Phnom Penh (the capital).
In Cambodia, the urban sanitation management model is
based on a common combined sewerage approach linking
drainage, wastewater collection, transport, and off-site treat-
ment. In spite of this being the main scenario, a large range
of sanitation systems are in fact used at the household level.
In the center of cities, most urban sanitation systems (when
they exist) contain a pre-treatment stage, largely variable,
built on rural technical ‘standard’ (pits), before discharging
settled effluent into the sewerage systems. For households
(HH) located outside the ‘sewer’ coverage area, on-site sys-
tems are most common and also based on a rural technical
‘standard’. The investment costs of these systems remains
quite low ranging from 40 to 200 USD. Recently, with the
increase in urban densification, the FSM practice at the
household stage has increased significantly. However, with-
the FSM market is
dominated by numerous ‘informal’ private operators. Small

out public institution response,

in size, these operators are mostly mechanical. They use com-
plex truck facilities to desludge household sanitation systems.
The Cambodian FSM market is also characterized by high
competition among private mechanical extraction and trans-
portation operators (ETOs), lower barrier entry (12,000 USD
for a locally assembled truck), and strong market-oriented
approaches. Most of them are finally profitable and efficient.
They provide, at a quite cheap tariff to households (capacities
ranging from 20 to 50 USD), good quality FSM services. This
is thanks to an adapted business model based on low invest-
ment, operation and maintenance costs. Following this
figure, the Cambodian urban sanitation paradigm appears
economically efficient.

Nevertheless, in Cambodia, from the upstream of the
sanitation value-chain, affordable but low quality sanitation
technologies are also predominant (pits are rarely water-
tight). Most fecal sludge is finally directly discharged into
the environment at the household stage (into sewers and
open canals). Institutionally, there is no technical standard
available and no processes to certify and control the quality
of sanitation facilities built. The proportion of households
having their feces tank emptied is consequently very low,
on average 20% of the total urban population, even though
tariffs are quite affordable compared to household willing-
ness to pay. Then, most fecal sludge collected by private
mechanical ETOs is also directly discharged into the environ-
ment. Unregulated, unformalized, there is no systematic
control from public authorities either to enter into the sani-
tation business or deal with FS dumping. Consequently, we
adopt a critical stance discussing the real performance of a
market-based approach to urban sanitation management
arguing that although a market-based approach to sanitation
involving private mechanical ETOs sounds promising, the
attention of researchers and NGOs needs to be more focused
on how to regulate them. Using the externality concepts
(Pigou 1920; Coase 1960; Buchanan & Stubblebine 1962) as
a framework of analysis (an externality is a cost or benefit
that results from an activity or transaction and that affects
an otherwise uninvolved party who did not choose to incur
that cost or benefit), we demonstrate that despite, non-net-
affordable and profitable
sanitation businesses, without any government and policy

worked approach, private
involvement, these approaches do not attain public health
and environmental impact reduction. We advocate an inte-
grated urban sanitation approach that aims at exploring in
more detail how to integrate gradually and complementarily
private mechanical ETOs and HH practices into a more com-
plex sanitation urban model including current practices both
regarding FSM and conventional systems, raising also the key
issue on financing the externalities’ costs.

METHODS

Results presented come from a large study conducted in
Cambodia from June to November 2011. It aimed at gath-
ering and rigorously analyzing data to better understand
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FSM in Cambodia and particularly its extraction and
transportation components. The first challenge was to
identify and select a range of cities, representative of all
those existing in Cambodia. Excluding Phnom Penh
with its 1.24 million of inhabitants, urban areas can be
Indeed, the
second city of the country (Siem Reap) has only 170,000

divided into small and medium cities.

inhabitants and most of the other cities have fewer than
50,000 inhabitants. Consequently, the following criteria
were applied: (1) total population, the ‘size’: the capital
of Cambodia, one medium-sized city, and one small-
sized city; (2) geographical location: one city in the
center of the country, one city in the north, and one
city in the south; (3) environment specificity: one city
along the Mekong River, one city in the Mekong basin,
and one city close to the sea. Three cities have thus
been selected: Phnom Penh, a large city (1.24 million
inhabitants), Siem Reap, a medium one (168,700 inhabi-
tants), and Kampot, a small city (38,800 inhabitants).
The data comes from three kinds of assessment: an in-
depth desk review of legal and policy documents, a
large household survey, and a detailed investigation of pri-
vate mechanical and manual ETOs with sanitation supply
chain stakeholders. The legal and regulatory survey con-
tained a review of laws and policies regarding
(pol-
lution control), land management, and urban sanitation

administrative (decentralization), environmental
issues. The household survey sampling was based on the
number of population and a transect approach in each
city. The transect approach was considered as the most
appropriate due to the specificity case of Cambodian
cities with their strong geographical heterogeneity versus
a high socio-economic homogeneity and its impact on
sanitation practices. HH interviews were done from June
to September 2011. A total sample of 1,320 households
for Phnom Penh, 428 households for Siem Reap, and
308 households for Kampot were surveyed using a
closed-question questionnaire. Different criteria were
tested to identify the demand determinants: type of equip-
ment, socio-economic status, and specific location on the
city (Table 1).

The analysis of ETOs combined two steps (Table 2). A
prescreen survey was conducted in order to identify all the

private mechanical and manual ETOs in each city (that

Table 1 | Survey distribution per cities

HH in
Name of Number of Number transect Number % per
the city population of HH selected of survey  transec
Phnom 1,242,992 243,724 65,974 1,320 2.00
Penh
Siem 168,662 33,071 10,768 428 3.96
Reap
Kampot 38,819 7,612 5,137 308 5.90
Source: (NIS 2008) and authors.
Table 2 | Survey distribution of ETO survey per city
Estimated
total Number
Name of the number of of ETO

Type of ETO city Category ETO surveyed %

Manual Phnom Penh 24 5 21
ETO Kampot 1 1 100
Mechanical Phnom Penh Small 12 5 42
ETO Medium 4 6 86
Siem Reap Small 5 4 80

Medium 1 0 0

Kampot Small 1 1 100

was an unknown). Twenty-three private mechanical oper-
ators and 25 manual ones (24 in Phnom Penh, one in
Kampot, and none in Siem Reap) were found. A total of
22 operators were interviewed in detail. The following typol-
ogy of operators (the categories were proposed by the Bill
and Melinda Gates Foundation to compare data given
from a ten-country study and explains the absence of large
operators in Cambodia) was used: (1) public ETOs; (2) pri-
vate ETOs: small (only one truck), medium (from two to
four trucks), large (more than four trucks); (3) manual
ETOs. Following the data collected directly from the
ETOs, the authors also conducted cross-check analysis in
order to confirm or refute field-collected information such
as: price of fuel, taxes paid at the dumping site, real invest-
ment cost from the truck assembler and fees charged from
the HH survey. The financial analysis is also based on a
cross-check between the data given by the operators and
hypothetic calculations. Other relevant stakeholders along
the supply-chain (truck assemblers, latrine builders) were
also interviewed. Moreover, technical field visits were
done to collect data on the dumping sites.
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RESULTS: THE QUITE HIGH ECONOMIC EFFICIENCY
OF CAMBODIAN FSM SECTOR

Urban sanitation in Cambodia: flood control, high
access to sanitation, large range of technologies used
and a legal ighorance on FSM

In Cambodia, several ministries are involved in urban sani-
tation management but four of them are predominant: (1)
the Ministry of Public Works and Transport (MPWT) is
responsible for urban drainage and sanitation in urban
areas of Cambodia including the Phnom Penh Municipality;
(2) the Ministry of Environment (MoE) is in charge of water
pollution control and environmental protection; (3) the Min-
istry of Land Management and Urban Planning is
responsible for construction standard control and issuing
construction permits; (4) the Ministry of Rural Development
(MRD) is responsible for rural sanitation. At the provincial
level, a local department of each ministry exists and is
involved with the provincial authorities in urban sanitation
management. In 2003, the Cambodian government issued
the National Policy on Water Supply and Sanitation (RGC
2003), a ‘key crucial factor for setting up an institution that
can maintain and expand the services’. It is the only docu-
ment that frames urban sanitation. The policy promotes
the construction of ‘community sanitation systems, [where]
all residents share in financing the systems, whether they
use them or not’. The scale of application of these criteria
is the ‘neighborhood sanitation block’ (household conglom-
erates). These ‘community sanitation systems’ are then
supposed to be discharged into either a decentralized treat-
ment facility or into ‘zonal sanitation systems’ (public
sewerage), where ‘the use of separate sewerage and drainage

Table 3 | Sanitation coverage by region (urban area) (NIS 2005)

Improved sanitation (%)

systems should be promoted and encouraged, particularly in
new installation areas’. However, guidelines do not consider
non-sewer solutions (that often exist in urban areas), and
only look for financing mechanisms, including ‘target subsi-
dies in exceptional circumstances’ (Kopitopoulos 2005).
Although the institutional framework (national strategy
and policies) is rather clear, there remain some overlaps
among ministries, especially responsibilities between
MPWT and MIME on household sanitation and between
MPWT and MRD on who is in charge of sanitation in
peri-urban areas. The MPWT is responsible for sanitation
service delivery, but it has shown low investment capacity
and weak skills in managing utilities. Investments are still
mostly funded by ODA. Moreover, few laws and decrees
were voted and enforcement is particularly complicated
resulting in a lack of coordinated responses to urban sani-
tation issues. If extraction and transport practices are
known by public authorities, the treatment of sludge is not
managed or controlled by them. There are no mentions of
FSM control and regulation in any document reviewed
except the rural water and sanitation strategy recently
issued (Okelford 2010). Only the MoE undertakes some con-
trols on FSM operators when they desludge at the
authorized dumping site.

Regarding access to sanitation, the current situation also
remains unclear as studies (Levisay & Sameth 2006; Kov
et al. 2008) show: coverage rates vary from 56.1 to 61.1%.
What is certain is that there are large gaps between rural
areas, where access to improved sanitation is low, and
urban areas, where access to sanitation is higher than 80%
(Table 3). Following the Cambodia Demographic and
Health Survey (NIS 2005), Phnom Penh has a high rate of
HH connected to the sewer when the medium-sized and

Unimproved sanitation (%)

Sewer connection (%) Septic tank (%) Pit latrine (%) Total (%) Public toilet Pit latrine (%) open (%) other (%) Total (%)
Phnom Penh 90 3.9 0.6 94.4 - 0 2.8 2.8 5.6
Siem Reap? 5.5 43.1 3.1 51.7 - 0.2 43 4.9 48.1
Kampotb 7.7 33.3 0.8 41.8 - 1.2 49.7 7.3 58.2

@Based on the Tonle Sap region average data and not on Siem Reap specifically.
"Based on the coastal region average data and not on Kampot specifically.
Source: (NIS 2005).
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small cities like Siem Reap and Kampot used septic tank and
other on-site sanitation systems more. The term ‘septic tank’
is used widely in Cambodia. Commonly used in old build-
ings built by the French, classic septic tanks can be found
in the center of cities. Behind these standardized data
there are a large range of technological options that are com-
monly used in Cambodia. No technical standards are
provided in urban areas and rural technologies are often
used in urban contexts. However, some ‘standard designs’
can be identified: (1) multi-storey buildings which are con-
nected directly to combined sewerage systems or to septic
tanks (on-site) [the sewerage systems installed in Cambodia
are combined systems that collect both wastewater and rain-
water and usually comprise: (i) a secondary sewer system;
(ii) a primary open-channel system; (iii) pumping stations;
(iii) wetlands that treat the effluent]; (2) middle standard
households which sometimes use ‘classic septic tanks’ but
more often interconnected pit systems either discharging
directly into combined sewerage systems (sewerage or
open-air channel) or infiltrating; (3) urban poor or other
HH which have no sewage system and use traditional
pour-flush latrines with pits. The private sector is largely
involved in sanitation system construction. An estimated
80% of household latrines are purchased at market prices
from private sector providers (Robinson 2007; Roberts
et al. 2007). However, this private sector is characterized
by a fragmented network of business including importers,
local manufacturers, wholesalers and retailers, and masons
(Salter 2008).

Historically, Cambodian cities used a combined sewer-
age system that collects both rain water and wastewater.
Due to intense rainy season and high flooding risks, most
of the urban sanitation investments in cities are made for
flood control (open channel that drain rain water out of
the city) and less for sewage collection and treatment. In
Phnom Penh, commercial and residential users are con-
nected to a French-designed combined sewerage system
(with tertiary and secondary sewers leading to open-air
canals) that serves the central area including both sewage
(gray and black water) and drainage water (storm water col-
lection). It has both pipe and open channel networks of
about 160 km in all. Seven pumping stations annually lift
30 million and 6 million cubic meters, respectively, of dom-
estic and industrial wastewater. The sewage network is old

and poorly maintained. The MPWT is in charge of the oper-
ation and maintenance of the system. The system is unable
to deal with peak flows, contributing to flooding in many
districts during the rainy season (Kopitopoulos 2005). After
transportation, the wastewaters are then transferred into
three wetlands which provide natural removal of biological
contamination (Boeung Trabek, Steung Mean Chey, Boeung
Tumphum). Only 56% of suspended solids are settled in wet-
land before entering the river; the content of the metal
elements such as Cd, Pb, Cu, and Zn significantly exceeds
the WHO standard (Tomonori ef al. 2005). In Phnom
Penh, household sanitation fees are charged on the water
bill (10%) representing about 2 million USD per year. In
Siem Reap, there is an old conventional sewerage system,
upgraded and extended (using separated approach and lift
station) by recent projects funded by international donors
(Agence Francaise de Développement and Asian Develop-
ment Bank). A wastewater treatment plant was also built
and run efficiently. The system is also operated by the
MPWT. Household sanitation fees are paid directly by the
household with a separated bill from water and electricity.
Finally, in Kampot, there is only a combined sewer in the
city center, built by the French in the early 1950s without
a wastewater treatment plant. Existing wastewater collection
and treatment follow the Cambodian urban sanitation
scheme with combined sewer working as a drainage
system and as a settled sewer. Cambodian urban sanitation
system combines finally an on-site part (the pit or tank)
and an offssite one (the sewer and drainage network)
where fecal sludge is normally and theoretically intercepted
by pits or tanks. Based on the three cities case studies, the
high urban sanitation coverage is confirmed with various
types of latrine for a total coverage of at least 90% in each
town; a variable access to sewerage systems (86% for
Phnom Penh against 32% in Siem Reap and 40% in
Kampot) (there are some slight differences between these
data collected from the HH survey (2011) and the NIS
data (2005) due to different administrative borders of the
cities considered) and a large variety of sludge pre-treatment
facilities (pits, tanks, septic tanks, etc.). Considering only the
pre-treatment facilities, most systems are constituted of infil-
tration pits (as in rural areas). In Phnom Penh, few HH
(26%) have no pre-treatment facilities (only 24% are con-
nected to the sewer directly while 2% discharge in the
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environment) whereas in Siem Reap and in Kampot, every
HH has pre-treatment assets on their land. The living con-
ditions in the three towns present similarities (number of
people per household) and differences (smaller housing
and more of it in shared buildings in Phnom Penh, lower
proportion of well-off households in small and medium
towns) but none is clearly correlated to sanitation practices.

Household FSM: informal private ETOs, lack of
regulation, low entry costs and technical innovation

When the pits or septic tanks are full, the household has few
possibilities to desludge. The Public Administration indeed
has pit empting trucks (Phnom Penh and Siem Reap have
ten trucks and one truck, respectively), but they are dedi-
cated to operating and maintaining the combined
sanitation systems of the cities. They do not desludge at
the household level even when many pre-treatment facilities
exist. The deficiency of service is filled by small private
‘informal’ ETOs who have been investing in the sector for
the past 20 years without any incentives from the govern-
ment. Following study results, private ETOs appear to be
the main pit emptying providers for households and small
businesses in Cambodia. Moreover, it is not the manual
ones that are mostly represented, but the mechanical ones.
Public institutions have little control over them. The
MPWT delivers only road permits for the trucks but no con-
tracts or licenses to operate FSM services and the MoE also
has little control.

In Phnom Penh, the current FSM market is covered
79% by private mechanical ETOs, 14% by HH themselves,
and 7% by manual operators (Figure 1). In medium-sized
cities, the same trends are observed where the current
market is over-dominated by private mechanical ETOs at
87%. Few HH empty their sanitation system themselves
(14%). In small cities the situation is changing. Indeed,
manual operators have a larger market share in contributing
to FSM services than in other kinds of cities. The field
research shows that these private mechanical ETOs can be
characterized as family-scale companies with only one to
four trucks ensuring a service for HH and a few businesses.
They are mostly small-sized enterprises owning only one
truck with two to three staff. There are no large-sized
businesses in Cambodia concentrating capital and in a

14%

Phnom Penh Siem Reap Kampot

® Mechanical ® Manua Myself

Figure 1 | FSM market structure.

monopoly situation. In Phnom Penh, 69% of the operators
own only one truck, 23% have two or three trucks, and
only 8% have four trucks. This results in a proportion of
69% of small operators and only 31% medium-sized
businesses. In total, they represent around 13,400 trips per
year. In Siem Reap, the entire market is covered by small
operators which represents around 1,100 trips per year.
Interestingly in Kampot, 71% of the market is covered by
manual operators and 29% by small operators which rep-
resent only 170 trips per year. From the market efficiency
framework perspectives, Cambodian private mechanical
ETOs also demonstrate low entry costs, technical inno-
vation, profitable and sustainable business and efficiency
gains due to competition among them.

The specificity of the Cambodian case is the low entry
costs and technical innovation. Low entry costs are mainly
due to second-hand locally assembled trucks that are par-
ticularly efficient. A common system (5m’ sludge tank
and 1m® clean water tank, two pumps) is usually sold
from 15,000 US$ to 20,000 US$ depending on the purchase
date and purpose the truck was initially used for. The
market barriers to entry are consequently low compared
to, for example, trucks used in the African region. Moreover,
the maintenance can be done locally. The tank size can also
be chosen, and it can be changed without changing the
engine. Interestingly, the tanks have different sizes depend-
ing on the kind and size of the city: from 3 m® in Siem
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Reap, 5 to 8 m® in Phnom Penh and Kampot. The smaller
trucks are cheaper on average, their cost varying from
12,000 US$ to 15,000 US$ and also depending on the qual-
ity of the truck. One of the most crucial arguments for the
service quality is based on the capacity of the truck to
empty all the sanitation systems (pits) in one trip. Therefore,
many mechanical private ETOs consider that they need a
big truck in Phnom Penh because the demand is high and
the distances greater. None of the operators in Phnom
Penh said that they had exceptional volumes or had to do
two trips for a single HH. They also never have mixed
sludge from two different HH in the same trip. Conse-
quently, the trucks appear technically and economically
adapted to the site of the work in order to promote
efficiency.

Low tariff and aggressive commercial-oriented
approaches

Technically adapted, their service delivery model also seems
commercially adapted. In Phnom Penh, fees appear quite
homogeneous for private mechanical ETOs and the average
tariff is estimated at 36 US$/trip or 7.2 US$/m>. All ETOs
surveyed said that the emptying service tariff has a variable
structure depending on the number of trips needed accord-
ing to the size of work and the distance of the trip, rather
than the volume itself; that is why we use the average fee
per trip and not per m>. It can vary from 30 to 50 US$ for
a trip, not far from the manual ETOs that have a tariff fee
varying from 25 US$ to 30 US$ (but the household said
that they generally pay more — 45 US$). In Siem Reap, the
average fees are about 20 US$/trip (6.6 US$/m>) on average
but can reach 150 US$ as a maximum. The average tariff is
lower than in Phnom Penh, due to the lower distance from
the emptying location to the dumping site (5km). In
Kampot, due to the low number of clients, the mechanical
ETO is constrained to have a high tariff to cover expenses
- about 50 US$ per two rings (12.5 US$/m?). The manual
operator has a tariff depending on the size of the work
and on the number of rings of the pit. It is around 12 US$
per ring emptied (6 USS$). Fees charged are globally competi-
tive and do not seem to exclude poor HH. In Phnom Penh,
the fees represent less than 0.2% of the annual household
expenses. Results also show that they represent 0.35% of

annual HH expenses for the poor HH and 0.12% of the
annual HH expenses for the well-off HH. No correlation
was found between poverty and emptying modality both in
Phnom Penh and Siem Reap. To conclude, fees charged
seem quite cheap and in line with household capacity to
pay and as the willingness to pay is around 7 US$/m? it
does not exclude anyone from the FSM service.

According to the household survey, service satisfaction
appears also very high, ranging from 96% in Phnom Penh
to 98% in Siem Reap. For mechanical ETOs services, the
reasons of satisfaction are that the service is clean (first
response), the operator is quick to come (second response),
and fast to operate (third response). Concerning the manual
pumper in Kampot, the satisfaction comes also from the
clean service and the cheaper tariff. Despite the fact that
households are satisfied, households who emptied will not
call the same operator next time. It seems that there is no
‘fidelity’ in this sector and every service given is in a com-
petitive way for one time only. In Phnom Penh and in
Siem Reap, the ratio of repeat clients, those who will call
the same operator for a future emptying, is very low, close
to 24%. Consequently, private mechanical ETOs have devel-
oped an aggressive commercially oriented approach. About
180 leaflets per client per truck are disseminated throughout
Phnom Penh, and telephone numbers are painted on poles
and sign boards. Almost 7.4 million of leaflets were distribu-
ted in Phnom Penh for 31 trucks in one year, which
represents about 15 leaflets per client. Except for two oper-
ators, there are at least two marketing staff, normally
permanent, confirming the commercially oriented strategy
of these structures. Moreover, the expenses in marketing
are strongly correlated to the profit and to the number of cli-
ents (Figure 2). The success of an operator seems to be based
on their ability to have an aggressive marketing strategy by
posting leaflets in the city.

Profitable business, dynamism, innovation, and
efficiency gains

Private mechanical ETO activity is characterized by high
operational costs (gasoline and human resources are the
main ones). Transport and operation costs represent from
47% (Phnom Penh) to 66% (Siem Reap) of the total costs.
The analysis shows that the average cost per trip can vary
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Figure 2 | Direct correlation between marketing and profit.

a lot among ETOs. Some of them are very productive with a
cost of around 18 US$ while others are less productive with
an average cost per trip of 33.9 US$. Only one was unprofi-
table. Not surprisingly, gasoline consumption is largely
variable depending on the distance and in which city: in
Phnom Penh customers are far from the dumping site and
in Siem Reap closer to it. The business model is therefore
very sensitive to an increase in gasoline price. There is an
average of three staff per truck: one is responsible for
work evaluation, driving the truck and/or price negotiation
and the other two do the emptying work. Fifty-six percent of
operators give a variable share, from 20 to 25% of the tariff
as wages. Concerning the return to investment, most private
mechanical ETOs have had their investment quickly
returned. The average duration of the return is in 2.5 years
but some operators could have their investment back in
1.5 years. A projection of the business plan for those oper-
ators shows that the breakeven point is around 19 clients
per month in Phnom Penh and 22 clients per month in
Siem Reap. The most important difference between small
and medium size operators is the depreciation costs for
trucks and the high income in return per truck (which
investment has been already returned). Having more
trucks increases proportionally the costs and does not gener-
ate scale economies. In Phnom Penh, on average, there are

431 customers per year per truck or 36 HH/month. How-

Nbof HH/truck/year

from 48 HH per year per truck to 1,212 HH per year per
truck. In Siem Reap, on average, there are 264 customers
served per year per truck (22 HH/month in average). The
business structure is more homogeneous than Phnom
Penh ranging from 156 to 276 HH/year. In Kampot, due
to the different structure of the market, the only mechanical
ETO that appeared recently has, on average, 48 customers
per year (4 HH/month on average). Mechanical private
ETOs present a high diversity of profile and results; some
of them are more dynamic, efficient, and profitable. Their
performances are mainly based on their productivity,
measured by the number of clients per truck per year,
which can vary a great deal: Type 1, ‘Survivors’ (from 1 to
150 customers per year) that make on average 2,400 US$
per year profit; Type 2, ‘Competitors’ (from 150 to 350 cus-
tomers) whose profit can be from less than 1,000 to 1,800
US$ per year per truck. Their profit is less important than
Type 1 because of truck depreciation taken into account
and fixed charge; Type 3, ‘Performers’ dealing with more
than 350 customers and earning from 4,000 to 20,000 US$
per year and per truck profit. Type 3 includes the most
dynamic operators and may be the only ones who will sub-
sist from this competitive market in the long term. A strong
competition exists that leads to an efficient and profitable
business model. Demand is satisfied with this service that
is at a quite affordable tariff. Financial constraints for invest-
ment do not appear as a major constraint due to low market
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entry costs. The main constraints applying to operators
seems to be business ones due to important competition
between operators and a rather low demand in Cambodian

cities.

DISCUSSION: SANITATION AS A MARKET DOES
NOT CREATE SUSTAINABLE MANAGEMENT

Low demand, saturated market, unsuitable
technologies and direct discharging of fecal sludge into
the environment

The proportion of HHs in the total sample having already
emptied their feces tank is very low in each city, only
21.9% in Phnom Penh, 14% in Siem Reap, and 19% in
Kampot. Low demand is a strong specificity of the Cambo-
dian FSM sector (Figure 3). The frequency of emptying is
also quite low. On average, in Phnom Penh, the frequency
is 0.31 emptying per year (the assets are emptied every
three years), which is quite similar to 0.25 (median) of the
sample (once every four years). In Siem Reap, it is closer
to 0.56 (once every two years). The average volume is also
quite different per type of treatment assets. There is no
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Figure 3 | Who emptied their pit?

real correlation between the date of construction, the
volume of tank, the water consumption, and whether the
HH is connected to the sewer or not. The demand is also
not correlated to the socio-economic profile. Poor house-
holds have almost the same desludging practices and the
same nature of facilities. For example, 17% of the poor
who emptied their pits did it manually themselves whilst
18% of medium HH did this.

Another surprising fact is that most of the HH surveyed
that had already emptied their latrine are connected to the
sewer (20% when 1.9% is not connected to the sewer).
Indeed, due to the pre-treatment stage before discharging to
the sewer most sanitation systems in Cambodia need to be
emptied. There is no link between the type of sanitation
assets and the emptying frequency. Indeed, in Phnom Penh,
the HH that are connected to the sewer empty their assets
more than the others, confirming the paradoxical ‘on-site/
off-site’ nature of Cambodian urban sanitation. In Phnom
Penh, the center of the city is more represented, certainly
due to the date of installation. Possibly flooding in the city
also has an impact as most empting is done during the rainy
season (74%). Analyzing the fecal sludge production/collec-
tion at the household level, in most cases little fecal sludge
is finally collected. (The market and sludge production

20%

60% 70% 80% 90% 100%
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estimate was based on a cross-check of different parameters.
The aim was to articulate data relative to: (i) the frequency of
emptying services; (ii) the volume of fecal sludge produced
per type of system; (iii) the nature of equipment (septic
tank, infiltration pits, etc.); (iv) the discharge modality (to
the sewer or directly to the environment). The main bias in
the nature of the study was its ambition to look at prospective
trends on demand without looking at past ones. To estimate
future demand, according to our survey, the following
hypotheses were made: we expected that the frequency of
emptying would not change in the future and that the
people who have the same assets and technological profile
would empty at a same proportion to those who already emp-
tied once.) One way to explain the low frequency can be
related to the number of people living in the house. On aver-
age, there are six people in the houses that never emptied
their pit or septic tank while there are 8.4 people in the
houses that have emptied. However, one can find that,
upstream of the sanitation value-chain, low quality sanitation
technologies are predominant (pits are rarely watertight) and
most of FS is directly discharged into the environment at the
household level, which could have a strong impact on public
health and the environment in the future. Indeed, a theoreti-
cal approach based on the average volume of production of
sludge estimated at 0.06 m>/pers/year (0.17 L/capita/day)
was used to calculate the theoretical production of the city.
It appears that 92,941 m® of sludge is produced in Phnom
Penh, 25,662 m® in Siem Reap, and 489 m® in Kampot. How-
ever, 29% of the sludge produced in Phnom Penh is actually
collected through operators, only 9% in Siem Reap, and
53% in Kampot.

Considering all the specific data for the three cities, we
applied a theoretical approach to calculate the market size
and the overview of demand and offer across cities. The
results show that there are 81 trucks in all the country,
close to the 80 to 90 constructed by the truck manufacturer
in Phnom Penh and 74 manual operators in all the country.
This represents globally: (1) a current market of 42,391 HH,
8% of the urban population of Cambodia; (2) almost 320
jobs in the country; (3) 1,271,720 USS$ per year of incomes
(with an average tariff of 30 USS$). The potential market rep-
resents 38% of the urban population and is located in
proportion in medium-sized cities rather than in big cities
or small ones. However, when estimating the actual capacity

of pumping and the number of trucks, results show that the
market coverage is already very high, 77% in Phnom Penh,
57% in Siem Reap, 122% in Kampot. Due to a low demand,
the actual capacity of the market to absorb future demand
appears very high. Finally, it is not surprising that compe-
tition is high in Cambodia and particularly in Phnom Penh
and Siem Reap. In Phnom Penh, private mechanical ETOs
pay 1.5 US$/dumping/trip and must theoretically discharge
into official dumping sites far from the center. However,
public ETOs do not have to pay and can discharge the
liquid part of their load in the open canals across the city.
In Siem Reap, there is a dedicated place to dump fecal
sludge at a wetland recently built by international donors.
Operators pay 1.5 US$/dumping/trip. In Kampot, there is
no dumping site. However, in Phnom Penh if most ETOs
said that they dump at the dumping site, the survey shows
that only one really goes there. Finally, only 16% of the oper-
ators are discharging in the authorized sites. The authors
conducted two field surveys in order to check the actual
number of trucks that dump at the official site and only 5
out of 31 existing trucks in Phnom Penh do so. The survey
was done at the official sites during 1 day. Thus, many unoffi-
cial dumping sites exist throughout the city mainly due to the
cost of transportation and a lack of control.

Negatives externalities, regulation needs and the
promotion of an original essential services regulatory
framework

Despite a competitive market, demand remains particularly
low and environmental and public health issues are raised.
It entirely justifies the role and the intervention of both
national and local authorities to regulate the sector. Indeed,
using the externalities framework of analysis, the current
Cambodian FSM market does not take into account the
costs of environmental and public health impacts. Regarding
these issues, the Cambodian urban sanitation sector is, more-
over, truly unproductive. At the household level, the current
population density in Cambodian urban areas is a high
source of pollution mainly due to the poor design and quality
of sanitation system in towns. Most fecal sludge in urban
areas is directly discharged to the environment without any
treatment. (‘There is a problem of quality. By definition, an
improved latrine can be a simple construction. However,
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factors such as the latrine design and construction quality,
and the latrine placement in relationship to water sources
or food storage and preparation areas can seriously affect
consumer benefits in terms of health and environment or
simply value for money’ (Salter 2008: 5). From the service pro-
vision, suppliers (latrine builders) and providers (desludgers)
provide quite affordable products and services, but seem
totally independent from public regulation, excluding extern-
alities, that lead to non-environmental and unsafe practices.
There is no systematic control for entering into the sanitation
business, to define technical standards both on sanitation
facilities and FSM systems, and few controls are undertaken
to control fecal sludge dumping. Nevertheless, these issues
appear quite complex and a simple response cannot be for-
mulated. Two questions are particularly raised. The first
focuses on the kind of regulation modalities that could be
implemented, including informal private mechanical and
manual FSM operators into the conventional sanitation
system. The second is directly linked with the previous and
questions how to include of externalities costs (who will
pay, who will collect, who will redistribute, etc.).

On the first question, FSM services present particular
economic attributes compared to other essential urban ser-
vices like water supply and electricity. As a non-networked
industry, FSM is characterized by non-fixed assets (truck),
low up-front investment (only one truck), low assets speci-
ficity (the truck can be resold without sunk costs) and an
absence of economy of scale (trucks are limited by their sto-
rage capacity). These factors consequently require specific
regulation frameworks and are probably significantly differ-
ent from those coming from other essential service sectors.
Certainly, tariff regulation through a licensing model
seems complex to implement and control because of the
number of private mechanical ETOs and the diversity of ser-
vices provided (in terms of volume pumped, transportation
length, difficulties of operators). Controlling each FSM oper-
ator could also be too costly. A contract-based approach like
a public-private partnership giving to one operator a mon-
opoly situation on a particular geographical area (or a part
of the city for each operator) could also fail. It could lead
to losing the interesting competition effects that can be
observed in Cambodia and could potentially create conflicts
and additional costs between operators and public insti-
tutions to ensure that control for each geographical area is

respected. From the users’ perspective, it could also create
difficulties in reaching the ‘right’ operators responsible for
each area, involving time and cost as FSM providers operate
throughout the entire city. While the market is working
quite well at the household level, the measures and rec-
should be adapted and not disturb
practices but orient them to more sustainable options. On

ommendations

the second question, a regulatory model also needs to be
designed to allow the sufficient financing of effluent collec-
tion, transport, and treatment both on combined sewerage
system and FSM services. A key idea could be based on
how to force FSM providers to move to the right location
to dump and also how to constrain households to desludge
more frequently. Potential sources of financing are already
available. Indeed, most of Cambodia’s urban population is
used to paying sanitation taxes, for instance in the water
bill in Phnom Penh or directly to the sanitation operators
in Siem Reap. However, FSM services and particularly the
treatment stage do not currently gain any support. To
force private mechanical ETOs to move purely via control
from public institutions also appears inefficient considering
the enforcement of law in developing countries, particularly
Cambodia. Consequently, an original innovative approach
needs to be promoted; aiming at not giving bias to the
market forces but promoting performance and reaching
minimal standards to mitigate environmental risks. Sol-
utions have to be implemented in relation to the current
market and the trends observed in each city, not destroying
but creating incentives for better practices.

RECOMMENDATIONS

Based on this brief overview and analysis, five main rec-
ommendations are proposed in order to improve and
optimize service quality, efficiency, and effectiveness on
the FSM sector in Cambodia.

1. At the national level, public authorities should be helped
to implement policy dialogue and sector regulation in
two ways: (i) land management could promote pre-treat-

at the household

standards of construction thus evacuation could be con-
trolled by public administration; (i) MoE and MPWT

ment technologies scale with
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should work closely during the licensing process of oper-
ators not to establish the tariff, but simply just to
supervise the number of trucks in each city.

. To incentivize private ETOs in large and medium cities,
decentralized sludge treatment systems could be developed.
The treatment of the sludge collected is an obvious priority
and the implementation of decentralized treatment would
reduce the negative impact to the environment, as well as
possibly helping to reduce transportation costs. A strict
zoning approach within PPP contracts is not adapted by
Cambodian cities and the existent developed market. How-
ever, investing in decentralized fecal sludge treatment
plants could push operators to reallocate their trucks to
strategic places. It could help optimize the transportation
costs and reduce the final cost for customers, while also
protecting the environment. Payment from public insti-
tutions could also be one an another source of incentive
coming from the taxes paid in water bills.

. Increase demand and develop ‘pre-treatment’ technol-
ogies for households: the development and promotion
of high quality pre-treatment assets would be an efficient
complementary solution of limiting the impact on the
environment with only pre-treated wastewater dischar-
ging into the drainage system and fecal sludge being
collected by the ETOs.

. In small cities, authorities and donors could support
manual operators in adopting semi-mechanized technol-
ogies. The case of Kampot shows that the FSM market
is very low and does not yet allow the running of a mech-
anical service, as in Phnom Penh or Siem Reap. Manual
operators can play a significant role as they already cover
a large part of the market, but their working conditions
must be improved to increase their efficiency as well as
to control the health risks. Burying sludge, a practice
adopted a long time ago in Malaysia, could be an efficient
solution for small cities and should be developed to avoid
any future problems in towns. They also could be encour-
aged and subsidized to provide semi-mechanized systems
that could allow them to transport the sludge greater dis-
tances than they currently do.

. Promote public awareness and environmental protection
during urban sanitation campaign: access to sanitation in
urban areas is quite high, however systems are often of
low environmental quality and encounter problems. Raising

the population’s awareness could support the increase of
demand for quality sanitation equipment and services. How-
ever, this has to be supported in parallel with the
development of simple and affordable technologies.

CONCLUSION

Itis commonly accepted and criticized that in urban areas, the
Cambodian water and sanitation sector is characterized by sys-
tems that provide water supply services to the population
without providing sewerage and sanitation services (PPIAF
& The World Bank 2002). Does this mean that nobody is
acting in this field? On the contrary, this study demonstrates
that the market for ETOs is almost saturated due to a great
deal of competition and a limited demand. In fact, private
mechanical operators dominate the market for households
and small producers whilst public operators are offering sewer-
age cleaning services. In addition, even if the operators are
small, even having one to three trucks, their business models
is quite profitable. They offer an affordable tariff and a satisfac-
tory emptying service. They have adapted their offer
technically and commercially due to a risk mitigation strategy
and low entry costs. However, this market neither stimulates
demand, nor is it sufficiently controlled. It produces strong
negative environmental externalities that are not included in
the tariff. The study was focused on this part of the value
chain but raises issues that are more global. Indeed, most of
the fecal sludge is directly discharged both by households
and private operators into the environment. This situation
raises the issue of public control and regulation over this com-
petitive and relatively efficient market. Also, this paper
highlights difficulties in regulating this specific service, the
importance of adapted institutional arrangements, following
a city’s characteristics (size of market, treatment and transport
technologies) and proves that an integrated value-chain
approach is the key method to assessing the sector.

DISCLAIMER
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