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Abstract

With a view towards improving the robustness offioial and economic analysis, this paper discusses
current approaches towards the assessment ofarubtisenefits associated with sanitation improvement
Excreta reuse is identified as a specific area @/lteere is a need for further development. Usisglte
from a study that compares urine diversion dehyardbilets with conventional sanitation technokxsyin
sub-Saharan Africa, the authors highlight challengelated to financial and economic modelling of
sanitation systems. Specific attention is placeshupe quantification of the economic benefits xafreta
reuse and the authors describe the approach foretiemg these benefits. As well as specific
recommendations for improving the robustness o #malysis, the authors propose a framework for
categorising financial and economic parametergfofect design, sanitation program, and policy-mgki
The authors argue that a consistent applicatiotihiefframework combined with the standardisation of
methodologies and systematic collation of financald economic data is required for further
developments in this important area.
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Introduction

In order to enable decision makers to assess tatveevalue to society of a proposed investmentoor
assess the efficacy of alternative approachegdmat desired goal, sanitation projects and prograre
increasingly subjected to financial and economiglyses. The type of analysis depends upon thedipe
activity that is being undertaken. These generaligte to one of the following:

i) Project design - Sound financial analysis is fundamental for gpooiect design. To be able to cost a
project within a given budget, sanitary enginearechto base estimates on accurate unit costs and to
understand the uncertainty surrounding these data.

i) Sanitation programming - Financial analysis is also important for compani of the capital
investment (CAPEX), operational and maintenancésc@PEX) associated with different sanitation
technologies in order to identify the most costefifve solution. Economic analysis is less common
for sanitation programming but may be requiredisdify the rationale for a project or program.

iii) Policy decisions - Results from economic analysis can play an impolé in influencing political
decisions about the need to invest in improvingtaaon. The benefit-cost ratios of some types of
sanitation intervention may even surpass thoseatéminterventions (Huttoet al. 2007a) and the
results of this type of analysis may be instrumidntatimulating investments into sanitation.

Broadly speaking, the costs and benefits can hdativinto the following categories:

1) Financial expendituredncluding CAPEX and OPEX, sanitation and hygigmemotion, project
management support costs and other capacity bgillitivities. As well as those directly connectdthw




the ‘project’, these expenditures should also idelbhousehold level investments and revenues agstcia
with payments for services.

2) Economic benefits that are not directly linkeidhwvihe projectas described above but having a tangible
financial impact on beneficiaries in the communitiyere the project is targeted. Benefits in thiggaty
include those related to illness (e.g. expenditmemedicine/health care or lost income due to Inss
productivity), costs of treating water, and ther@ased productivity of water resources (e.g. irsgedish
populations due to improved water quality) and @agdtiiral land where wastewater/excreta is reused to
increase crop yields.

3) Benefits that are essentially the same as thlieseribed above in (2hut those who gain are
stakeholders who are outside of the area of theatkproject.

4) Economic benefits that cannot be attributedraricial expenditures or revenue but can be quantified
in monetary terms. Based upon WSP (2008), theviitig types of economic benefit in this categoryéav
are identified:

» Health: full costs of health care from an institutionargpective.

» Productivity: income associated with lost time caring for tioé.s

« Extended lifespan: better health leading to extended lifespan andeam®d income potential.

* Education: increased attendance at school and improvedatngitability.

« Environment quality: increased land value due to improved environmeataditions.

« Timebenefits: as a result of closer access to a toilet and shaediting times at public toilets, which
result in additional time for work or study.

e Tourism: potential for increased revenue from tourism.

Examples of different types of financial and economic assessment

Based upon a review of the literature, it is appiatbat different researchers have consideredrdifite
parameters for inclusion in their analyses and laegorised these in different ways. For examiay
(2009) document an evaluation of various sanitgbiajects that include financial cost-benefit asaly of
capital and operational expenditures, costs of @gpauilding and sanitation/hygiene promotion. Von
Muench and Mayumbelo (2006) compared the Net Prédssoe (NPV) of capital and annual operational
costs of different sanitation systems. Costs fgracdy building or sanitation/hygiene promotion tsos
were not included in the analysis but the studyidadude a monetary value of excreta reuse based on
estimates of the value per unit mass/volume ofeugind compost.

A study undertaken by Huttcet al. (2004) for the World Health Organization (WHO) bsas the costs

of a range of interventions (similar to those diésat by KFW 2009) but the researchers also incthde
economic benefits associated with health care aogcased productivity. Building on this, Huttehal.
(2007a) carried out a more detailed study whiclonperated the above but including an increasederang
of economic benefits such as those related to adodkaths and time savings due to easier access to
sanitation.

WSP (2008) developed the economic assessment fudhmonetize the impacts of poor sanitation and
hygiene on health, water resources, tourism aner atielfare indicators. In this study, the effedtgpoor
sanitation on various qualitative dimensions inglgdquality of life, user preferences and the gquadif

the surrounding environment are covered. The sindgrporates an assessment of these economic
impacts describes how these may be quantified Uerally derived statistical data based upon ao$et
assumptions.

WSP (2009) describe the development of a modebtapare urine diversion dehydration toilets (UDDTS)
- a type of toilet that separates urine from faeatesource to facilitate excreta reuse - with cotre@al
sanitation systems (ventilated improved pit latsi@@d conventional sewerage) in terms of finarenmal
economic costs and benefits. The model requiresirthbat of capital expenditure (CAPEX) and
operational expenditure (OPEX) including costs Hardware, such as the cost of the latrine itself an
software, including sanitation promotion, trainiagd other capacity building activities. In additi@s
described below, the methodology monetizes the @moanvalue of excreta based upon an estimated
increase in crop yields.



Monetising the costs of excreta reuse

As the methodologies to monetize economic valuexofeta remain in their infancy, this section fasus
specifically on the methodology and results froma YWSP (2009) study introduced above. Case studies
were analysed in three urban areas where relatieefje-scale projects promoting UDDTs have been
implemented; Kabale in Uganda, eThekwini (Durban$outh Africa and Ouagadougou in Burkina Faso.
Due to health concerns, excreta reuse is not &gtuacticed in eThekwini and therefore the resatty
show the potential for economic benefit. In OQuagamw, the system is different from insofar as etecre

is collected from each household by small-scal@apei sector operators and transported offsite for
treatment and reuse. Therefore, unlike in Ugandd {ia the majority of situations where excreta eeiss
practiced), the economic benefits of excreta reéugs@uagadougou are not realised by the househelds b
by the farming community.

To account for the fact that there are wide vaoiatiin costs of toilets depending upon the qualfty
construction, local consultants were asked to gupglta for both high-cost and low-cost toilets. As
subsidies distort the distribution of financial tsthe analyses were undertaken without subsidies
enable a more transparent comparison of differamitation technologies.

Economic benefits other than those associated metith, pollution and reuse were not included. For
health, the benefits were quantified using datenfHuttonet al (2007b) from the Africa region. The value
of US$ 4.7 per person per year (inflated from 2@002009) was assumed to be the same for all
beneficiaries as it was assumed that differentsygidoilet offer the same level of service. Therefthe
economic benefits associated with health are éffggtthe same in each case. To economic impattteof
environmental damage caused by the discharge mdatatl fecal sludge into the environment was eduate
to the cost of remediation (calculated as the ed@ohcost of treatment) as a proxy.

The study used two approaches towards the monetisait economic benefits of excreta reuse. The firs
approach was similar to that used by von Minch Magtlumbelo (2007) in which the calculation of the
monetary fertilizer value was based upon the vafugynthetic fertilizer in the local market. Hovezyin
addition to this, a more detailed methodology wesgetbped to model the benefits associated withereus
where information about the availability of landdathe type of crops is known. This approach is
described below and the results presented are loasthis methodology.

An estimate of nutrients contained in excreta m¥s@n was used as input into an empirical equation
calculate the additional crop yield. It was assurttied nitrogen/phosphorus derived from excretathas
same fertiliser potential as manufactured fertilizewas also assumed that the nutrient valuexofeta
(predominantly contained in urine) is the only @disr economic benefit. Thus the soil conditioning
value of digested or composted faeces or the patefar generation of biogas was not taken into
consideration.

As well as the area of cultivated land and typecraip, other input parameters required by the model
include the agro-climatic conditions, crop yieldspense and market value of produce. Whether the
monetary value of excreta has a financial or ecandmanefit in the analysis depends on whether the
excreta is reused on site by the household, soldhéyousehold as fertilizer or whether it is torsed
offsite for use on farms where it is assumed tofleconomic benefit for farmers.

Availability of land

Sensitivity analysis showed that the amount of lavailable is a key consideration. As shown in Fégl,
reducing the availability of land per householdinorements of 0.3 from 1.2 to 0.3 ha has significan
impacts on the production of potatoes (38% reduogtidhis equates to a reduced economic NPV value
from US$ - 354 to US$ -551 for the high cost UDDetoand from US$ +111 to US$ -95 for the low cost
UDD toilet. The impact in economic terms indicatkat it is more beneficial to apply fertilizer ovar
larger area (as opposed to concentrating the apiglicin a smaller area).
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Figurel: Impact of the availability of land per household fop production and the quantity of
produce in Kabale, Uganda (WSP, 2009)

Type and market value of crop

The amount by which the NPV is improved is alsaaction of the type of crop being cultivated due to
the fact that different crops have different yiebdsl different market values. Based upon the cashy s
data from South Africa, Table 1 shows the impacfioancial NPV at the household level for different
crops (potato and maize) and for different landasreéAs mentioned above, these values are potential
values only as this is a hypothetical scenariotgsresent excreta reuse is not promoted in ethekwin
Clearly, production of crops that have a higherketwalue is more beneficial in economic terms dmut
shown above, reuse of excreta in the urban envieohis less economically beneficial as the densfity
housing increases and the availability of landgimwing crops decreases.

Table 1: Financial and economic NPV at the household level in South Africa for different crops
(potato and maize) and availability of land per household (W SP, 2009)

Area of land available for reuse per household

0.2 ha 0.5 ha 1 ha
US$ US$ US$

no reuse -1376
Reuse Potato -1050 -718 -487
Maize -823 -258 -134
US$ US$ US$

no reuse -1518
Reuse Potato -1284 -1045 -879
Maize -1120 -714 -432

Agricultural conditions

Crop yield is also a function of the agriculturahditions. Good agriculture conditions promote @éased
yields and it is in these conditions that excretase is most beneficial. The agricultural condgiamthe
Southwest of Uganda were assumed to be relativadgl gompared with eThekwini and Ouagadougou,
which were assumed to be average and poor resplgctivhe study found that the economic NPV of
ecosan is adversely affected by worsening agri@llzonditions (se&igure 2) However, as mentioned
above, digested or composter excreta also have @& soil conditioner as well as a source ofenis,
which may provide additional economic gains in temwhincreased crop production in areas whereisoil
poor.
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Figure2: Impact on household level economic NPV in Kibal@aesult of changes in agricultural
conditions (WSP, 2009)

Net impact of reuse on overall NPV

The results showed that excreta reuse has ecormnifits associated with increased crop yield, whic
can be of financial benefit where crops are sokldascribed above, these benefits are dependemtlupo
area of land available for crop production, thd@gdtural conditions, and the market value of ctoat is
grown. Poorer households are perceived to gaitivrela more in proportion to their household income
and therefore the results support the case thatfbwncial benefits and/or economic benefits adsan
can be greater for poorer households when the Eardearea is available.

Although economic benefits were identified, as shanv

Table 2, only one of the sanitation technologiesegated a positive NPV. As shown by the
results of low-cost latrines compared with hightdatines, the impact of the CAPEX costs is sigaifit.
The results do not show the impact of changes éndther investment costs associated with project
management, capacity building and sanitation pramotf these were to be reduced, notably for egosa
projects where these costs are often high, themeflative degree of economic benefit in terms ofVNP
would be increased.

In addition, as the results are not congruous witter studies (e.g. Hutton and Haller 2004) that
show a definite positive net economic benefit aeesult of sanitation investments (even without the
additional benefit associated with reuse), the aedeers concluded that the health, social and
environmental benefits were undervalued in the ystddese implications are discussed below in the
recommendations for model development.

Table 2: Comparison of Financial and Economic NPVs of ddfdrsanitation technologies in Uganda,
South Africa and Burkina Faso for high and low-dodiets (W SP, 2009)

Financial NPV Economic Financial NPV Economic
NPV NPV
Household Total Household Total
UDDT Uganda -484 -607 -345 -55 -178 +111
South -1217 -1376 -1518 - - -
Africa
Burkina -342 -691 -560 -192 -349 -396
Faso
Pit Uganda -647 -677 -492 -301 -331 -124
latrine
South -1230 -1273 -1148 - - -
Africa
Burkina -759 -850 -842 -336 -427 -380
Faso




Requirements for further model development

In this section, based upon the experiences fremiBP (2009) study described above, we suggest ways
to improve the robustness of the economic analysis:

« Excretareuse: as described above, the benefits of excreta rease derived from first principles
using the total estimated mass of nutrients exdrel®ily by individuals in the project area.
~However, the data is the literature data is scarwk further research is therefore required to
improve estimates of the amount of nutrients thea #heoretically available. In addition,
aalthough there have been a considerable numbalobfecosan projects in different parts of the
world, assessing the economic benefits of excmtae is found to be particularly complex and as
yet there is no standardized methodology. For el@mpany researchers have reported improved
crop yields with urine application, but there rensal systematic assessment of the expected
increased crop yields in relation to the rate dafilfeer application to be able to derive and
calibrate an empirical model. Therefore, furthesesech is required to develop the empirical
relationship between fertilizer and increased weldr different crops in different agricultural
conditions.

e Pollution of water resources: The assumption that the economic cost of dischafgentreated
excreta into the environment equates to the cogtofifition mitigation is not considered to be
strictly accurate as this depends on the type dfnelogies that are utilized. This approach was
considered to be appropriate for the purpose ofpemimg ecosan with conventional sanitation but
this component could be improved significantly.alddition, the costs of groundwater pollution
were not included in the model. Although consumptad groundwater from shallow wells in
urban areas is not recommended as a source ofl@otalber, in many parts of the world it is
ubiquitously practiced. Pit latrines have a higbetential to lead to groundwater pollution in
urban settings than UDDTs. Thus, in situations whgroundwater is used for drinking then
UDDTs should result in greater health benefits thidhatrines. Further work is therefore required
to monetize these costs and to develop this conmafehe model.

* Benefits due to time saving: The benefits associated with time savings rdl&debetter access to
sanitation was not included in the model. This ecpived to be one of the main factors
contributing to the result that most sanitationiam were observed to have negative economic
NPVs according to the analysis. Future analysesildhiberefore include this parameter based
upon estimates using local context data rather litexature values.

One ofthe fundamental complexities for different typesfioncial and economic analysis is the clear
definition of the boundary conditions which defittee categories of costs to be incorporated th®
analysis. Therefore, prior to embarking on any eiserinvolving financial and economic analysisisit
first necessary to define what the study is ainmeddhieve. As mentioned above, these analyses may b
employed for project design, sanitation programnundo support policy development. Table 3 proposes
a framework to provide guidance to decide how iattics should be included in the specific assessment
As noted in the table, further differentiation foosts related to capital maintenance as proposed by
Franceys and Pezon (2010) is recommended.

The study differentiated between low-cost and lagkt toilets, but the assumption that all
investments result in the same level of benefithnig necessarily the case. The assumption that
beneficiaries realise the full benefit of improveghitation also requires further investigationraseiality
in many situations users already have access te $mm of sanitation facility which already achieve
relative improvement compared with no sanitatioherefore, we propose that there is a need for a
qualitative assessment of existing facilities lidke a rating system which is used to factor thellef
economic benefit to the relative improved levesefvice.



Table 3: Proposed cost categories for financial and economic analysis used for project design,
sanitation programming, and policy making

g 1
22 =50 o<
o3 g 9 E S s
0o n a & o E
A — Financial costs (including household investments)
Hardware Capital investment . . .
Operation and maintenance costs . . .
Capital maintenance costs . . .
Software Sanitation and hygiene promaotion . . .
Capacity building (including Project . . .
Management Support)
B- Local economic benefits tangible in terms of fin ancial benefits
Health Reduced household expenditure on . .
medicines and health care costs
Increased productivity (both short-term . .
and long-term)
Water Reduced expenditure on drinking water . .
resource supply ( treatment and distribution)
Increased productivity of water bodies . .
(e.g. for fishing ))
Reuse Increased agricultural productivity due to . .
wastewater and excreta reuse
C- Economic benefits
Health Full health care costs .
Increased productivity costs .
Increase nutrition and cognitive ability
Increased lifespan .
Water Drinking and domestic water costs .
resources (financial + time for hauling water)
External Aesthetics .
Value of unusable land .
Other welfare | Time savings/loss .
(travel waiting time to toilets)
Work/school absence 0
Tourism Tourist sickness and number of visitors .
(revenue loss from low occupancy)

Concluding remarks

Although many researchers and advocates of ecallogamnitation report improved crop yields as altesu
of excreta reuse, quantifying sanitation benefitd aonverting these to monetary values to givelnédi
estimates is a challenging. There is a requirentenndertake a systematic assessment (meta-analfsis
the increased crop yields in relation to the rdtieuilizer application to be able to derive aralilorate an
empirical model. Additionally, there is a need ¢peater understanding on the assumptions that ade m
when deriving cost and benefit data, especiallynasy of the economic benefits of sanitation accrue
outside of the water and sanitation sector and thenhetary assessment requires considerable eseerti
from economists and health sector specialists. Mzateon of these benefits adds further uncertemti
which influence the interpretation of the resultkese inherent assumptions may subsequently irdéuen
the credibility of economic studies and therefdneré is a need for precaution before presenting the
results to policy makers, without a transparens@ngation of the associated uncertainties. Theofise
confidence grades as a means to present thesdainies could provide a reasoned basis to qu#iigy
reliability and accuracy of the data.

Using a structure framework for data collectiorge envisage that there will be considerable
benefits for the collation of a comprehensive detse of cost and benefit data which can be theoh fose
benchmark for other analytical studies. To improMeustness of future studies, to ensure consistangdy
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to make results comparable, there is a need terdisate guidance for survey design to standardita d
collection procedures. We perceive a need for gragte of statistical tools and use of sensitiaitglysis
to assess uncertainties in relation to differeputrdata.

The authors encourage other interested partiggindhe “Costs and Economics” working group of
the Sustainable Sanitation Alliance (SuSanA) andaltaborate in this initiative. We propose to tike
model developed by the WSP funded study as thes baisfurther developments in this important area.
We encourage researchers to contribute their id¢asodel development and to use the model foh&urt
research studies in this field
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