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Ecological sanitation offers both sanitation and fertilizer through recycling of nutrients. 

Human fertilizer provides a close to free addition of nutrients in household farming and 

may therefore decrease the downward risk of fertilizer adoption. We study an ecological 

sanitation investment program in southern Mali, where just over 150 beneficiaries got a 

urine diverting dry toilet installed. Our results suggest that the average household in our 

study is able to produce amounts of N, P and K equivalent to around a fourth of its yearly 

expenditures on artificial fertilizers, corresponding to a yearly addition of nutrients or a 

yearly reduction in fertilizer expenditures to a value of about 50 €. However, the quantity 

and quality of N, P and K actually retained is found to be only a fraction of this potential 

amount. Using propensity score matching methods, we find an increase in maize yields 

among beneficiary households, but no effect on the yields of other crops. Moreover, 

households substitute artificial fertilizer with human fertilizer at 10 to 15 per cent of the 

average household use of artificial fertilizers. Thus, the substitution may worsen an already 

bad soil nutrient balance. Higher retention levels are needed for solutions to prove 

financially viable. 
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INTRODUCTION 

Sanitary solutions that also aim at recycling nutrients are generally referred to as 

ecological sanitation (EcoSan, for short).1 Thus, in addition to the health effects of 

adequate sanitation, EcoSan solutions offer a potential direct economic gain through 

savings on artificial fertilizers or through increased returns to farming. The same 

amounts of nitrogen (N), phosphorus (P) and potassium (K) that are consumed by 

humans are also excreted, except for a small percentage that is absorbed by the body 

during childhood while muscles and bones are still growing. When sanitary solutions 

are not in place, excreta tend to end up in rivers, leading to eutrophication, instead of 

being used productively. The economically poorer the farming context, the larger is the 

challenge of ensuring a soil nutrient balance through the addition of (costly) artificial 

fertilizers. In the extreme, farming without fertilization depletes the soil from nutrients 

beyond restoration possibility. 

The absence of agricultural productivity growth in African agriculture is 

arguably the strongest manifestation of the challenge to development posed by farming 

of poor soils. In 2010, cereal yields averaged 1.3 tons ha- in Sub-Saharan Africa (SSA) 

compared to 4.6 tons in East Asia and the Pacific (EAP) and 3.9 in Latin America and 

the Caribbean (LAC). Comparable figures in 1961 for SSA, EAP and LAC were 0.8, 

1.4, and 1.3 evidencing not only low yields today but also stagnant growth in SSA 

(statistics from World Development Indicators). On average, agriculture in SSA uses 

around 9 kg ha- of nutrients compared to 73 kg in Latin America and 100-135 kg in 

Asia (Kelly, 2006). Henao and Baanante (2006) report over 85 per cent of the African 

                                                 

1 Langergraber and Muellegger (2005) provide a general introduction into principles and 
concepts of EcoSan. 
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farmland to have a soil nutrient mining (the net removal of nitrogen, N, phosphorous, P, 

and potassium, K) of over 30 kg NPK ha- and more than 40 per cent to have rates over 

60 kg. 

Insufficient use of fertilizer in SSA may be explained by high transportation 

costs and non-existent local production. There are however additional explanations why 

individual farmers would end up underinvesting in fertilizers, including horizon-

dependent preferences (Duflo et al., 2011) and large downward risks with fertilizer 

adoption (Dearcon and Christiaensen, 2011). Season-dependent fertilizer prices, 

insurance schemes and drought resistant varieties are therefore potentially viable 

policies to increase the use of fertilizer. 

By providing a close to free addition of nutrients, the use of human fertilizer has 

the potential to work as an insurance mechanism, minimizing the downward risk of 

fertilizer adoption.2 Some support for this is given in Andersson (2015) where 

smallholder farmers in eastern Uganda state as an advantage of the use of urine as 

fertilizer that it does not involve the investments associated with inorganic fertilizer. 

The essential question is whether the quantity of human fertilizer from EcoSan solutions 

is enough to make any difference in practice. While it is hard to think of the recycling of 

nutrients to be sufficient to restore depleted farmland, it does have the potential to 

positively affect yields, in particular for small scale farming households. Thus, a private 

economic incentive for investment in sanitation is added in comparison to other sanitary 

solutions. For farming households, this may imply either a decrease in the use of 

                                                 

2 The production, storage and application of human fertilizer do involve some costs throughout 
the year. However, these costs are in terms of man-hours and do not involve any recurrent 
monetary outlays. The majority of handling costs is also associated with the regular 
maintenance of the toilet. Since the production of human fertilizer is an ongoing process, 
through accumulation over time, present biased preferences would at most lead to a smaller 
use of fertilizer since every deferral is directly linked to a proportional loss of fertilizer. 
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artificial fertilizers (using human fertilizer as a substitute) or an increase in the total 

amount of fertilizer (using human fertilizer complementary).  

Given the challenges of soil depletion and sanitation, EcoSan has been studied 

surprisingly little from an economic perspective. To our knowledge, the present article 

is the first attempt to study the effects on farming households’ productivity in a fully 

implemented program. Guzha et al. (2005) found a positive effect on maize production 

among six volunteer farmers in Zimbabwe when exhausted soils were restored by 

sanitized human excreta. Andersson et al. (2011) found fertilization with stored human 

urine to increase maize yields by some 30 per cent among smallholder agriculture in 

South Africa's Thukela River basin, and Andersson (2015) reports increases in maize 

yields up to 120 per cent among smallholder farmers in the Tororo District in eastern 

Uganda.3 Schuen et al. (2009) compared the economic viability of EcoSan with 

conventional sanitation systems using case studies from three countries (Burkina Faso, 

South Africa and Uganda) concluding that a scaling up of EcoSan is unlikely without 

considerable external support.  

MATERIALS AND METHODS 

The program and its context 

In Mali, only 22 per cent of the population use adequate sanitation facilities and 14 per 

cent practice open defecation, which means that they depend on buckets, bushes, the 

banks of a stream, a back street or some other sheltered place for their daily several 

excretions (WHO and UNICEF, 2012). At the same time, many smallholder farmers use 

no or too little fertilizer resulting in soil depletion of nutrients. Henao and Baanante 

                                                 

3 Andersson (2015) did however not involve a formal EcoSan solution; farmers brought urine 
from their households to large collective containers. 
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(2006) estimate Malian soils to require an addition of 52 kg of NPK per ha in order to 

balance the outflow of those nutrients. They report the average per ha use of NPK to 

11.7 kg (figures based on the 2002-2004 cropping seasons).4 

The EcoSan facilities studied in this project are built in small separate buildings 

at the household level. They are urine diverting dry toilets (UDDT) that separate the 

faecal matter from the urine into separate containers. The products are contained and 

sanitized for some time and then recycled. After a month’s storage the urine is sanitized 

and can be used as fertilizer while faeces need to be stored for 6-8 months. Through a 

program run by the organization CREPA (Centre Régional pour l’Eau Potable et 

l’Assainissement à faible coût) from March 2006 to May 2009, 163 EcoSan facilities 

were constructed in the municipality Guégnéka, consisting of the small town Fana and 

its surroundings. The vast majority (107 toilets) was constructed in 2007. Eligibility was 

conditioned on three criteria: (1) having own land to cultivate; (2) being at least 10 

household members; (3) being able to contribute to the construction of the own toilet as 

well as to others’, for a period of six months, in cash or in kind through material or raw 

labour.5 The final selection of households to benefit from the subsidies was made by the 

village councils. 

Beneficiary households were instructed in maintenance of the toilet and in 

proper use of excreta in farming. In particular, the instruction manual (CREPA-Mali, 

2009), available in French and in Bambara, provides guidelines on proper usage and 

cleaning of the toilet, collection and storage of urine and faeces as well as 

recommendations on application and dosage of the human fertilizer. The dosage table 

                                                 

4 For comparison, the households in our sample (in 2010-2011) add on average 15 kg of NPK 
per ha (10 kg N, 2 kg P and 3 kg K). 

5 Since most families in the area are engaged in farming, the first constraint did probably not 
exclude many households a priori. 
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provides recommendations for maize, sorghum and millet only, in addition to some 

market gardening varieties. 

The fact that we are studying a project that was implemented some years ago has 

both pros and cons. The obvious disadvantage is that other things may have happened 

during the post-construction period making potential effects influenced by other factors 

than the treatment. However, in addition to the fact that the use of EcoSan is to some 

extent a permanent treatment, an advantage to study a ‘settled’ program is that we may 

capture more permanent effects of EcoSan rather than potential initial effects that may 

fade away after some time.6 

Data collection 

Our household data was collected between 24 March and 24 April 2011. We were able 

to interview 155 of the 163 households.7 Five (urban) beneficiaries were not engaged in 

farming and were therefore dropped from our data.8 40 of the remaining 150 beneficiary 

households reside in urban Fana and 110 in the surrounding rural villages. In addition to 

interviews, we sampled fertilizers from a selection of toilets in our study and analysed 

the nutrient content. 

The questionnaire provides data on the amount of artificial and human fertilizer 

used, the cost of fertilizer, the area of cultivation, the yields of the cultivation and a 

number of household indicators including demographic data, ownership of durables, 

                                                 

6 Indeed, the fact that five beneficiaries, at the time of the interview, were no longer active in 
agriculture and that two other households, for unknown reasons, destroyed their toilets may 
provide some evidence of this. Banerjee et al. (2007) provide an example of initial large 
effects fading over time, although in a different sector (education in India). 

7 Out of these 155, two UDDTs had been destroyed at the time of interview and one was 
actually never built. We still treat them as treated households (just as we treat as treated the 
beneficiaries that do not use human excreta as fertilizer). 

8 Four did not own any land and one did not cultivate the 1 ha owned. Their toilets were erected 
during March-July 2007. 
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other assets and livestock.9 Table 1 presents some statistics for the sample of 

beneficiaries. First, note that the rate of compliers is 70 per cent of the designated 

beneficiaries, that is, 105 out of 150 households report to have used human fertilizer in 

agriculture. The average size of land cultivated is 10 ha. 123 households are growing 

sorghum and allocate on average almost half their land to this crop. Millet is grown by 

81 households, on over 35 per cent of their land. A somewhat lower share of land is 

allocated to maize and cotton, respectively. Groundnuts occupy on average under 10 per 

cent of the land. The average size of land fertilized with human fertilizer is 2 ha. Given 

that a crop is being cultivated, the share of the plot size that is fertilized with human 

fertilizer varies a lot. Among maize growers, almost 50 per cent of their maize fields are 

fertilized with excreta. The share of other crops vary between 10 percent of the 

groundnut fields to 21 per cent for sorghum. The farmers’ relatively more intense use of 

human fertilizer on maize is no surprise since it has been proven well-suited for 

EcoSan-farming in previous research. 

The vast majority, almost 90 per cent, applies the fertilizer by putting at least 

some of the sanitized excreta on the compost; a few households (14 per cent) use the 

fertilizer directly on the fields during the dry season and a fourth use the fertilizer 

directly on fields during the rains. A third of the beneficiaries use urine only, two 

households report to use only faeces, and around 37 per cent uses both urine and faeces. 

Of the 103 compliers that report to use urine in agriculture, only 46 households have an 

idea of the quantity applied, reporting an average of 205 liters, and of the 58 household 

using faeces, only 6 households report the quantity applied, averaging 134 kg. 

Moreover, a large majority of beneficiaries report the UDDT to be economically 

                                                 

9 The questionnaire is available from the authors upon request. 
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profitable, to have reduced the incidence of diarrhoea, and to have led to less bad 

odor.10 The lower panel in the table reports the content of N, P and K in our laboratory 

tested sample of urine (N=6) and faeces (N=3). 

Table 1: Summary statistics, treated sample 

 N mean sd min max 
Complier 150 0.700 0.460 0 1 
Land cultivated (ha) 150 9.980 7.296 0.0500 40 
Share cultivated with sorghum 123 0.487 0.244 0.029 1.000 
Share cultivated with millet 81 0.375 0.214 0.050 1.000 
Share cultivated with maize 96 0.228 0.200 0.038 1.000 
Share cultivated with cotton 57 0.307 0.177 0.033 0.800 
Share cultivated with groundnuts 50 0.097 0.063 0.019 0.333 
Land fertilized with HF (ha) 103 2.027 2.984 0.038 18.000 
Share of sorghum fertilized with HF 123 0.208 0.378 0.000 1.000 
Share of millet fertilized with HF 81 0.128 0.317 0.000 1.000 
Share of maize fertilized with HF 96 0.479 0.447 0.000 1.000 
Share of cotton fertilized with HF  57 0.201 0.369 0.000 1.000 
Share of groundnuts fertilized with HF 50 0.100 0.286 0.000 1.000 
HF, on compost (1/0) 104 0.885 0.321 0 1 
HF directly on land, dry season (1/0) 104 0.135 0.343 0 1 
HF, directly on land, during rains (1/0) 104 0.250 0.435 0 1 
HF, urine only (1/0) 149 0.315 0.466 0 1 
HF, faeces only (1/0) 149 0.0134 0.115 0 1 
HF, urine and faeces (1/0) 149 0.376 0.486 0 1 
Urine applied (liters) 46 205.2 227.5 20 1200 
Faeces applied (kg) 6 133.8 82.03 53 280 
EcoSan is profitable (yes/no) 132 0.947 0.225 0 1 
EcoSan leads to less diarrhea (yes/no) 127 0.984 0.125 0 1 
EcoSan leads to less bad odor (yes/no) 134 0.821 0.385 0 1 
EcoSan leads to worse odor (yes/no) 134 0.157 0.365 0 1 
      
Laboratory sample:      
Urine, N (g/ltr) 6 2.588 0.735 1.893 3.690 
Urine, P (g/ltr) 6 0.184 0.072 0.120 0.324 
Urine, K (g/ltr) 6 0.963 0.424 0.369 1.556 
Faeces, N (g/kg) 3 27.806 4.465 22.682 30.864 

                                                 

10 We should expect responses to the last questions to be biased. This is evidenced by 125 
households reporting the toilet to be economically profitable, which must be considered high 
given the 105 compliers. 
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Faeces, P (g/kg) 3 16.891 6.176 10.044 22.041 
Faeces, K (g/kg) 3 22.534 9.681 14.236 33.170 

 

Table 1 reveals that the majority of households cannot recall (or did not measure) the 

amount of human fertilizer used directly on land or on compost. Thus, knowledge on 

the amount of human fertilizer used for various crops are scarce. On the contrary, 

households in general do recall the extent of artificial fertilizer used for various crops. 

For farmers who use human fertilizer on only a section of their fields (HF fields), table 

2 presents the use of artificial fertilizer (number of 50 kg sacs ha-) and the quantity of 

compost (number of donkey carts, approximately 250 kg, ha-) for three crops on the 

parts fertilized with and not fertilized with human fertilizer, respectively. This may give 

an idea of the extent to which human fertilizer is used in addition or in place of artificial 

fertilizer in farmers’ internal allocation decisions. For sorghum, though the difference is 

not statistically significant, the average use of artificial fertilizer is actually somewhat 

higher on HF fields than on non-HF fields, and (for the fewer reporting households) 

compost is used on HF fields only.  Growers of maize and cotton use on average less 

artificial fertilizers on HF fields (the difference is statistically significant for cotton 

only, at the 5 per cent level). While the vast majority of compost is put on HF fields, 

little is used on non-HF fields, indicating a marginal use of human fertilizer on some 

non-HF fields. 

Table 2: Use of artificial fertilizer and compost on fields fertilized/not fertilized with 
human fertilizer for households using both type of fields for sorghum, maize and cotton. 
 N mean sd min max 
Sorghum      
AF on HF field 18 0.333 0.694 0 2 
AF on non-HF field 18 0.222 0.560 0 2 
Compost on HF field 10 39.417 32.752 0 105 
Compost on non-HF field 10 0 0 0 0 
Maize      
AF on HF field 24 0.761 1.710 0 8 
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AF on non-HF field 24 1.110 1.851 0 6 
Compost on HF field 12 51.597 62.059 0 160 
Compost on non-HF field 12 2.433 5.889 0 20 
Cotton      
AF on HF field 9 0.648 0.995 0 2.333 
AF on non-HF field 9 2.121 1.881 0 5.5 
Compost on HF field 8 46.102 55.891 0 132.8 
Compost on non-HF field 8 1.063 3.005 0 8.5 

Notes: Figures on artificial fertilizer (AF) refer to the number of 50 kg sacs of artificial fertilizer ha- on 
fields fertilized (HF fields) and fields not fertilized (non-HF fields) with human fertilizer. The quantities 
of compost are given in number of donkey-carts (approx. 250 kg) ha-. Samples include only households 
with both types of fields. 

 

Since placement was not random, attempts to measure program effects need to rely on 

methods using ex-post construction of a comparison group. Control households were 

selected in collaboration with CREPA trying to find households meeting the eligibility 

criteria for a UDDT. We interviewed 97 control households in Fana and 135 households 

in the surrounding villages. Two rural and one urban control households were not active 

in agriculture and were hence dropped. In addition, we performed 231 interviews with 

(rural) households from another municipality in which CREPA has no engagement of 

any kind (Kéréla). This gives us 610 interviews in total (150 beneficiaries and 460 

controls). 

Assessing the quantity and value of human fertilizer used 

In order to have an idea of the economic potential of an investment in EcoSan, we need 

to assess the quantity and quality (nutrient content) of the household production of 

human fertilizer. Assuming that all excreta are actually taken care of, we derive a 

theoretical upper bound for the value of human fertilizer (in terms of monetary value 

and in terms of equivalent artificial fertilizer). Using our laboratory data on the nutrient 

content and the (self-reported) quantity of human fertilizer used in agriculture, we 
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calculate its actual value. A difference between the theoretical and the actual values thus 

indicates an underutilization of human fertilizer and foregone productivity increases. 

Estimating the effect of EcoSan 

To assess the effect on yields, which is expected to increase if human fertilizer is used 

complementary to artificial fertilizers, we use as outcome the average (local) market 

value of yield per ha, calculated as the total market value of each household’s harvest 

divided by the total area of cultivated land. We also use the number of months the 

respondent claim that the household can feed itself with the harvest as well as the 

average yields of specific crops, in quantity per ha.11 If human fertilizer instead is used 

to substitute for artificial fertilizers, we do not expect to find any substantial effect on 

the previous listed outcomes. To assess the extent of substitution, we use as outcomes 

the total quantity (ha-) of chemical fertilizer used, as well as the quantity (ha-) of each of 

the three chemical fertilizers used.12 

The treatment effect of interest is 𝐸𝐸[𝑌𝑌𝑖𝑖(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸) − 𝑌𝑌𝑖𝑖(𝑁𝑁𝐸𝐸𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)|𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸], 

that is, the difference between the observed outcome of a household having a UDDT 

and the unobserved counterfactual, that is, the potential outcome for the same household 

had it not had a UDDT, estimated using the outcome of matched controls.13 

                                                 

11 We only consider the ‘most popular’ crops, that is, cotton (244 controls/65 treated), maize 
(394/114), sorghum (409/136), millet (326/94) and groundnuts (204/60). 

12 We make no attempt to, and with our data cannot, measure the health effects of EcoSan. It is 
plausible that adequate sanitation positively affects the productivity of farmers due to health 
improvements. Such health effects are however unlikely to be confined to individual farmers 
and their families but to have effect at the village level. The estimated effects on productivity 
are thus additional to the possible common effects from improved health. 

13 In our setting, we see three potential sources of bias in the estimated treatment effects: (i) 
selection on observables, that is, households that face an EcoSan project have some specific 
characteristics, making comparisons with other households uninformative in terms of project 
impact. The remedy is to construct a control group from non-EcoSan households that are 
similar to the treated households in terms of observables; (ii) contamination of the control 
group, in our case that village non-participants gain from the existence of the program, 
implying that the program impact is underestimated. We believe this to be less likely in our 
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To control for systematic differences in the covariates between the group of 

beneficiaries and the control group, we balance the groups using the propensity scores 

from a logit model of the probability to obtain a toilet.14 Which covariates to include, 

and how to assert that the resulting sample post matching is balanced, has been much 

debated though no consensus has emerged (see for example Imbens and Wooldridge, 

2009; Fu and Li, 2008; Stuart, 2010; Clarke et al., 2011). Since we have data for one 

point in time only, we face the risk, in particular when treatment is successful, that the 

outcome variable of interest has affected a number of potentially important covariates. 

If a successful use of human fertilizer implies increased yields, or lower expenditure on 

artificial fertilizer, a household may contemplate changing their fertility, schooling, or 

labor supply decisions, increase their ownership of durables, increase (or decrease) the 

use of fertilizer or change the composition of crops.15 Of our potential candidates, we 

therefore decided to include in our logit model a set of covariates that we believe are not 

likely to suffer from endogeneity: Household size, counting household members older 

                                                 

setting since treatment concerns a physical investment. This would involve either non-
EcoSan users building a toilet outside the program (unlikely) or EcoSan-users giving or 
trading the own-produced fertilizer to non-EcoSan users. Our questionnaire includes 
questions of alternative uses of the EcoSan output. We found no evidence of a market for 
human fertilizers even though the creation of such a market is one explicit goal of CREPA. 
However, we do find some evidence of another sort of contamination: ten control households 
are using self-produced human fertilizer without having constructed an UDDT; (iii) selection 
on unobservables, that is, the extent to which EcoSan users differ from non-users in some 
‘unmeasurable' characteristics. There is clearly an explicit self-selection into treatment where 
unobserved factors such as ability and effort determine whether a household apply for a 
toilet or not. The factors determining selection by the village councils probably also include 
a number of unobservables. We cannot control for such factors. By including control 
households from another municipality in which CREPA has no engagement of any kind 
(Kéréla) we believe to somewhat decrease the influence from unobservables. Results from 
sensitivity tests using Rosenbaum’s (2002) bounding approach are presented in the results 
section. 

14 The seminal work on propensity score matching was done primarily by Paul R. Rosenbaum 
and Donald B. Rubin in the 1970’s and 1980’s. Two overviews often referred to are Dehejia 
and Wahba (2002) and Todd (2008). 

15 However, whether assets are increased in response to increased income will depend on the 
extent to which farmers interpret the income increase as permanent or transitory, the latter 
will likely have a smaller impact on asset ownership. 
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than 7 years of age; the relative size of the age groups 16-54 years and over 54 years; 

the share of females in the household; a dummy for Fana (urban); a dummy for whether 

the household head is in the age group 55 and older; the education of the household 

head; the size of owned arable land; and distance to fields (three indicator variables). 

Table 3 presents the differences in covariates between the group of treated and the 

resulting group of controls after matching. We note that, post-matching, no covariate 

differs between treatment and control at any conventional level of significance.16  

 

Table 3: Summary statistics, after matching 

 One-to-one matching 
 meanT meanC diff s.e. Pval 
H.hold size over 7yrs 11.765 11.985 0.220 (0.536) 0.681 
Share female 0.441 0.441 -0.000 (0.018) 0.997 
Share aged 16-54 yrs 0.537 0.546 0.009 (0.024) 0.699 
Share aged 55- yrs 0.126 0.127 0.002 (0.012) 0.898 
H.hold head aged 55- 0.662 0.644 -0.017 (0.058) 0.768 
H.hold head has education 0.209 0.207 -0.002 (0.050) 0.975 
Urban (Fana) 0.241 0.270 0.029 (0.053) 0.581 
Land owned (ha) 13.697 13.474 -0.223 (1.181) 0.850 
Distance fields >0-2 km 0.336 0.350 0.015 (0.058) 0.800 
Distance fields 2-5 km 0.146 0.139 -0.007 (0.042) 0.863 
Distance fields over 5 km 0.080 0.080 0.000 (0.033) 1.000 
N 137 137    
Notes: Equality of covariates after the estimation of propensity scores using the listed covariates and after 
re-sampling using average yields as the outcome in one-to-one matching with no replacement 
(‘M1to1NR’). Results are similar for other matched samples (results available upon request). See text for 
details. 

 

Figure 1 graphs the propensity scores using, in turn, linear predictions and probabilities. 

The graph suggests that, regardless of propensity score used, there is a sufficient overlap 

                                                 

16 As a robustness check, we re-estimated the propensity score by including in our logit model 
all covariates that differed significantly between the treated and the control groups (in a t-test 
using ten per cent as a, liberal, level of significance) as well as a number of covariates that 
we hypothesize are correlated with the outcome of interest. We re-ran all regressions that 
follow without finding any substantial differences in results (results available upon request). 
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in scores in order to focus our analysis on the common support. We use the linear 

predictions as propensity score.17  

Figure 1. Distribution of estimated propensity scores. 

 

RESULTS AND DISCUSSION 

The potential value of human fertilizer 

To arrive at a theoretical estimate of the value of human fertilizer we use data on the 

nutrient content of urine and faeces, respectively, together with data on the amount of 

urine and faeces excreted by an average adult. In the guidelines given to the UDDT 

beneficiaries (CREPA-Mali, 2009), the content in urine (grams per liter) and faeces 

(grams per kg) of N, P and K is listed as 5 (33.7), 0.4 (15.4) and 0.3 (22.3).18 The 

quantities of urine and faeces excreted vary from person to person and from country to 

                                                 

17 We re-ran our models using probabilities instead without obtaining any results affecting our 
conclusions. 

18 These figures differ from samples from the CREPA UDDTs in Burkina Faso, reported by 
Dagerskog (2007, table 6 and 7) as 5 (20), 0.5 (15), and 2 (15). There is a huge difference in 
the reported concentration of K in urine. We believe the figure in CREPA-Mali (2009) to be 
a typo, in particular since the manual also states that 400 liters of urine contains 0.9 kg of K, 
that is, 2.25 grams per liter. We chose to use a concentration of 2.25 in our calculations. 
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country, depending on climate and diet. We use as an approximation a range of daily 

excretions between 1.2 to 1.6 liters of urine, and 30 to 60 grams of faeces, per adult and 

day.19 This directly yields the total quantity of N, P and K excreted by an average adult 

Malian to lie in a range of 2.56-3.66, 0.34-0.57 and 1.23-1.80 kg per year. 

Corresponding values for urine only are 2.19-2.92 (N), 0.18-0.23 (P) and 0.99-1.31 (K) 

kg per year. The proportions of nutrients in urine and faeces are important for two 

reasons. First, it will be informative of the price of not using one form of excreta. 

Second, during the compost and dehydration process of the faecal matter in the EcoSan 

toilet, the nitrogen evaporates and can therefore not be reused. However, it is assumed 

that phosphorus and potassium are fully recyclable. 

Applying these quantities to the average household size and composition in our 

data, counting the age group 2-15 as half-adults, we arrive at an average yearly 

production of nutrients of 27-39 kg N (of which 23-31 kg from urine), 3.7-6.1 kg P (of 

which 1.9-2.5 kg from urine), and 13.2-19.4 kg K (of which 10.6-14.1 kg from urine). 

Figures are reported in table 4, columns 1 and 2 (since the N in faeces is assumed to 

evaporate fully, only the N in urine is reported in the table).20 

In the studied area three different sorts of artificial fertilizer are used, Complexe 

Coton, Complexe Céréale and Urea. The first two are composites of primarily N, P and 

K while Urea is very rich in N. The N-P-K percentage concentrations of the fertilizers 

are 14-7.8-15 in Complexe Coton; 15-6.5-12.5 in Complexe Céréale and 46-0-0 in 

Urea. These fertilizers are bought in sacs of 50 kg. They all had the same price in 2010 

                                                 

19 Jönsson et al. (2004) reports a default value of urine (faeces) to 1.5 liters per day (30 grams 
per day) for Swedish adults and 1.6 liters (60 grams) for China. Esray et al. (2001) reports 
average values (based on Scandinavian studies) of 1.2 liters and 35 gram. 

20 This production corresponds to a yearly quantity of 4,700 litres of urine and 118 kg of dry 
faeces for the average household. 
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with a median reported price paid of 13,400 XOF (around 20 EUR) per sac.21 Taking 

the simple average of nutrient concentration and price, we arrive at an average per kg 

price of respective nutrient (column 3) which we use to assess the corresponding value 

for one year’s production of human fertilizer (column 4 and 5), implying a total yearly 

value for the average household of 45-63 EUR (of which 40-53 EUR from urine).22 The 

average reported use of Complexe Coton, Complexe Céréale and Urea among 

households not using EcoSan is 5, 0.35 and 3.45 sacs per year. Thus, the potential 

production of human fertilizer in the average household corresponds to 22-35 per cent 

of the households yearly cost for artificial fertilizer, or (roughly) to one sac Urea and 

two sacs Complexe.23 

Table 4: Theoretical value of human fertilizer for the average household in the sample 

 Avg. hh of which Avg Total of which 
 production urine  price value urine 
 (kg/yr) (kg/yr) (EUR/kg) (EUR/yr) (EUR/yr) 
N 23.5 - 31.4 23.5 - 31.4 1.1 25.2 - 33.6 25.2 - 33.6 
P 3.7 -   6.1 1.9 -   2.5 1.2 4.3 -   7.1 2.2 -   2.9 
K 13.2 - 19.4 10.6 - 14.1 1.2 15.3 - 22.5 12.3 - 16.4 
Total    44.8 - 63.2 39.7 - 52.9 
Share of yearly cost    0.25 - 0.35 0.22 - 0.29 
Notes: Calculations of theoretical production and value of human fertilizer (total and for urine only) for 
an average household in the sample. The average household contains of 6.15 individuals aged 1-15 and 
7.67 individuals aged 16 and older. The average yearly cost for artificial fertilizers is 180.2 EUR for non-
EcoSan beneficiaries in the sample. 

 

                                                 

21 This indicates that the median bought fertilizer on credit – a sac from CMDT (the cotton 
monopoly buyer) in 2010 cost 12,500 in cash and 13,413 on credit. The exchange rate 1000 
XOF = 1.52449 EUR has been fixed since the introduction of the Euro. 

22 We do not use the term ‘market value’, partly because a market for human fertilizer does not 
exist, but mainly because the price of artificial fertilizers is subsidized (since 2009). In 2010 
and 2011, CMDT bought fertilizer from the company Toguna at prices of 16,500 per sac of 
Urea and 21,000 per sac of the two Complexe fertilizers. 

23 It is worth noting that only under a correct application of human fertilizers will substitution of 
artificial for human fertilizer lead to the same soil nutrient content. 
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The value of human fertilizer actually used 

The theoretical value of human fertilizer presupposes per-protocol treatment, full 

reutilization and low nutrient loss. To get an idea of the actual household retention of 

nutrients in our context, we sampled fertilizers from a selection of toilets in our study 

and analyzed the nutrient content. The results, presented in table 1, suggest the nutrient 

content in urine (faeces) to be about half (a bit lower or the same) than the values used 

in the previous section (CREPA-Mali, 2009). Redoing the calculations in table 4 using 

these figures instead gives theoretical values around half the ones calculated before. 

Moreover, the values are based on estimated daily excretions which need not be 

the same as the amount of human fertilizer actually used by household farmers in Fana. 

Many respondents do not have a clear idea of the amount of human fertilizer applied on 

their fields. Out of the 105 compliers in the program, 47 households report to use urine 

only, 2 households report to use faeces only, and 56 report to use both urine and faeces 

(table 1). However, few of them managed to recall the amount of human fertilizer 

applied on the fields. We do not know whether reporting households are representative 

for the full sample of compliers, and the reported use clearly suffers from recall bias. 

Still, these figures give retention rates of around two per cent of total excretions, the 

retention rate being higher in faeces (ranging from 20 to 110 per cent) than in urine (0.2 

to 9 per cent). This has some logic to it, given the easiness to urinate elsewhere, but 

there seems to be a potential for increases in the use of human fertilizers among the 

households in the sample, at least for urine. Together with the lower nutrient content in 

the analyzed samples, this implies an average retention rate of nutrients at around one 

per cent of the theoretical quantities of N, P and K.  

Given these findings, while a concentrated use of human fertilizer may have an 

effect on the yields of specific crops, we do not expect our estimations to show any 
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economic significant treatment effects on average yields from the use of human 

fertilizer in our sample. 

Estimating treatment effects 

Knowing that we have a number of no-compliers, that is, a number of beneficiaries that 

are not using the output from the UDDT in farming, the treatment effect does not 

provide an estimate of the effect from the use of human fertilizer in agriculture. This 

effect is still policy relevant, since the main influence of an implementing organization 

lies in determining whether or not to assign a facility to a household and not in the 

actual use of the toilet (even though information and education may greatly affect the 

intended use). After having estimated the average intention to treat (AIT), we focus on 

the effect for the households that actually did use the facility as intended, that is, the 

average treatment effect on the treated (ATT).  

Estimated treatment effects using as treatment group the full sample of 

beneficiaries are presented in table 5. There are no a priori grounds to prefer a certain 

method for the selection of matched controls. In order to arrive at a reliable range of 

estimates of the treatment effects, we apply five different matching estimators using 

propensity scores to balance the sample. These, in turn, are: one-to-one matching 

without replacement (column 1, ‘M1to1NR’); one nearest neighbor caliper matching 

(with replacement) using a caliper width of 0.25 times the standard deviation of the 

propensity score (column 2, ‘M1to1CR’), five nearest neighbor caliper matching (with 

replacement) using a caliper width of 0.25 times the standard deviation of the 

propensity score (column 3, ‘M5to1CR’); kernel matching using the epanechnikov 

kernel (column 4, ’Kernel’) and local linear regression using the tricube kernel (column 
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5, ‘LLR’).24 All matching estimators use the common support only. Standard errors are 

bootstrapped using 500 replications. 

Table 5: Treatment effects, full sample (AIT) 

 M1to1NR M1to1CR M5to1CR Kernel LLR 
Average yields (XOF ha-) 43 -3446 -1858 -1519 -1897 
Standard error 9123 9976 7957 8186 8125 
N treat/ctrl 137/137 137/101 137/301 134/405 134/104 
      
Months hh can feed itself (#) 0.290 0.384 -0.038 -0.111 0.000 
Standard error 0.369 0.422 0.350 0.334 0.319 
N treat/ctrl 138/138 138/101 138/299 135/415 135/104 
      
Average yield, sorghum (kg ha-) 32.3 55.7 29.8 26.0 30.9 
Standard error 67.4 75.8 61.0 58.4 56.7 
N treat/ctrl 122/122 122/92 122/263 119/333 119/95 
      
Average yield, millet (kg ha-) 118.6 138.3 85.5 71.3 67.0 
Standard error 118.5 119.2 116.7 117.3 114.3 
N treat/ctrl 80/80 80/61 80/176 79/245 80/61 
      
Average yield, maize (kg ha-) 201.1** 263.5** 218.1** 212.3** 206.0** 
Standard error 95.6 114.9 94.9 92.7 87.8 
N treat/ctrl 93/93 93/72 93/227 90/295 91/74 
Gamma (W/HL) (1.2/1.7) (1.4/1.9)   (1.2/1.6) 
      
Average yield, cotton (kg ha-) -165.6 -148.3 -15.7 -57.1 -59.4 
Standard error 116.9 133.3 112.8 101.6 94.7 
N treat/ctrl 56/56 56/43 56/139 56/177 56/43 
      
Average yield, gr.nuts (kg ha-) 173.2 164.4 195.5 196.2 204.8 
Standard error 165.4 161.4 141.1 156.6 154.2 
N treat/ctrl 49/49 49/43 49/115 49/135 49/43 
      
Artificial fertilizer (kg ha-) -9.903** -9.647 -9.245** -9.121** -7.099* 
Standard error 4.665 6.412 4.464 4.234 4.122 
N treat/ctrl 144/144 144/106 144/314 141/415 141/109 
Gamma (W/HL) (1.1/1.4) (1.1/1.5)   (1.4/1.8) 
      
Complexe coton (kg ha-) -3.925 -3.376 -3.463 -4.162* -3.261 
Standard error 2.839 3.612 2.822 2.491 2.459 
N treat/ctrl 145/145 145/106 145/314 142/415 142/109 
      
Complexe céréale (kg ha-) -0.145 -0.489 -0.682 -0.028 0.411 
                                                 

24 All estimations were made in Stata 12.1, using the package psmatch2. 
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Standard error 2.090 2.471 2.021 1.966 1.992 
N treat/ctrl 144/144 144/106 144/315 141/416 141/109 
      
Urea (kg ha-) -5.771** -5.933** -5.032** -4.802** -4.121** 
Standard error 2.372 2.921 2.283 1.984 1.993 
N treat/ctrl 144/144 144/106 144/315 141/416 141/109 
Gamma (W/HL) (1.2/1.6) (1.3/1.8)   (1.8/2.4) 
Notes: Coefficient estimates are treatment effects using as treatment group the full sample of 
beneficiaries. ‘M1to1NR’: one-to-one matching without replacement; ‘M1to1CR’: one nearest neighbor 
caliper matching (with replacement) using a caliper width of 0.25 times the standard deviation of the 
propensity score, ‘M5to1CR’: five nearest neighbor caliper matching (with replacement) using a caliper 
width of 0.25 times the standard deviation of the propensity score; ‘Kernel’: kernel matching using the 
epanechnikov kernel; ‘LLR’: local linear regression using the tricube kernel. All matching estimators use 
the common support only. Standard errors are bootstrapped using 500 replications. Gamma reports the 
results of Rosenbaum’s (2002) bounding approach (using Stata’s rbounds). Odds ratios after which the 
estimate turns insignificant are reported using, in turn Wilcoxon’s signed rank test (W) and Hodges-
Lehmann point estimates (HL, assuming additive treatment effects). 

 

First, we note that the overall measure of economic gains, the market value of average 

yields (XOF ha-) never turns out significant and the estimated treatment effect is, if 

anything, negative. The same absence of effect is found for the self-reported number of 

months that the household is able to feed itself with the season’s harvest. Turning to the 

yields of specific crops, our results are, in general, far from significant. For one crop, 

cotton, we obtain a negative estimate throughout all columns whereas the estimates for 

millet, maize, groundnuts and sorghum suggest a positive effect. Only maize, however, 

enters at any conventional level of significance, suggesting that the treated group of 

maize growers face average yields of about 200 kg ha- and annum over the average 

yields for control households. This corresponds to an increase of around 20 per cent 

which is well in line with findings from previous controlled studies (Guzha et al., 2005; 

Andersson et al., 2011; Andersson, 2015). Table 2 showed that maize growers use a 

little less artificial fertilizer on the part of their fields that is fertilized with human 

fertilizer. While the difference is not statistically significant, almost all compost is used 

on those fields (in addition to the human fertilizer applied directly on the field). This 

may indicate that maize growers use human fertilizer in addition to rather than as a 

substitute for artificial fertilizer which may explain the increase in average maize yields. 
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For the beneficiaries growing maize, the maize-yield market value corresponds to 22.7 

per cent of the total yield value in comparison to 22 per cent for control households. 

This difference is rather small so it is not surprising that the higher maize yields do not 

translate into an effect on total average yields.25 Overall, we find few signs of positive 

effects on agricultural yields from the event of belonging to the group of EcoSan 

beneficiaries. 

Results for the use of artificial fertilizer are somewhat less ambiguous. The 

estimates for the aggregate number of kg of artificial fertilizer ha- applied on the fields 

the last season (that is, the sum of Complexe Coton, Complexe Céréale, and Urea) 

suggest that beneficiaries used on average about 9 kg ha- less of artificial fertilizer 

during the season in comparison to the control group.26 Looking at the specific types of 

fertilizer, the main reduction seems to be in the nitrogen rich fertilizer Urea, which is 

the only of the three fertilizers whose estimated effect is statistically significant.27 

To assess the sensitivity of the results to potential unobserved covariates (i.e. 

violation of the conditional independence assumption), we perform a sensitivity analysis 

based on Rosenbaum’s (2002) bounding approach.28 If EcoSan households would have 

different values on the unobserved covariates, while still identical on observed 

(matched) covariates, the inference would change. The odds for this hidden bias are 

denoted gamma. When applicable, levels of gamma are reported below the estimated 

treatment effects in the table, both in the form of the Wilcoxon’s signed rank test and 

                                                 

25 The reason for this small impact is that share of land allocated to maize is around 23 per cent 
among treated maize growers. This is also a little bit lower than control households (25 per 
cent, difference not statistically significant). 

26 This translates to about 2 50 kg sacs for the average household. 
27 The estimates for Complexe Céréale are economically and statistically negligible, reflecting 

that this fertilizer is scarcely used in our sample, the average being half a sac per 
household. 

28 We use the Stata command rbounds. 
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Hodges-Lehmann point estimates. Depending on estimate, gammas vary between 1.1 

and 2.4. Whereas a gamma of 1.1 (meaning that the odds of one household having 

EcoSan are 1.1 times higher because of different values on an unobserved covariate) by 

any standard must be considered low (and thus results should be interpreted with 

caution), there is no rule-of-thumb as to which value should be considered small enough 

to invalidate the results. While a value as high as 6 are often used in health sciences, 

values around 1.3 are used in the social sciences (Watson, 2005, pp. 26). 

Of the 150 EcoSan beneficiaries in the program, only 105 households (76 of 110 

in rural Guégnéka and 29 of 40 in urban Guégnéka) reported to use excreta as fertilizer 

in farming. This amounts to a 30 percentage non-compliance. We also observe 

spillovers: ten non-beneficiary households in Guégnéka (of which 9 in urban Fana) 

report to use human fertilizer in agriculture. We are therefore interested in the average 

treatment effect on the treated, ATT, that is, the effect of households that are using 

human fertilizer from an EcoSan toilet in agriculture compared to the counterfactual 

outcome of the same household not having EcoSan but, being equal, would-be 

complier, E[Yi(EcoSan,Use) - Yi(NotEcoSan,Use)|EcoSan,Use].29 Therefore, non-

compliers are dropped (that is, the 45 ‘defiers’/non-using beneficiaries and the 10 

‘always-takers’/non-beneficiary users).30 Under the (strong) assumption that compliers 

                                                 

29 For a discussion, see Angelucci and Attanasio (2006). The Conditional Independence 
Assumption, CIA, implies that, given the conditioning variables X, compliance (the use of 
human fertilizer) does not depend on potential outcomes, that is, whether a household 
complies or not is independent on Yi(EcoSan,Use), Yi(NotEcoSan,NotUse), 
Yi(NotEcoSan,Use). Then, the expected outcome for EcoSan compliers had they not been 
EcoSan users is the same as the expected outcome for households not being offered an 
EcoSan facility, complying or not, that is, E[Yi(NotEcoSan,Use)|EcoSan,Use,X=x] = 
E[Yi|EcoSan,NotUse,X=x] = E[Yi|NotEcoSan,NotUse,X=x]. 

30 One could contemplate estimating the local average treatment effect (LATE) using 
beneficiary status as an instrument for using human fertilizer in agriculture, but since 
program assignment was not random, we opt for the method used here. 
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are randomly assigned conditional on the covariates estimating the propensity scores, 

we then redo our matching exercise, that is, we estimate the propensity score using the 

compliers and the control group (in the spirit of Behrman et al., 2011). Our sample then 

consists of 105 treated/complying households and 450 controls. Results are presented in 

table 6 and are largely in line with those found when estimating the intention to treat.  

Table 6: Treatment effects, compliers only (ATT) 

 M1to1NR M1to1CR M5to1CR Kernel LLR 
Average yields (XOF ha-) 2972 3503 10085 7172 7417 
Standard error 10869 12719 10972 9726 9647 
N treat/ctrl 96/96 96/82 96/255 96/395 96/82 
      
Months hh can feed itself (#) 0.479 0.106 0.454 0.295 0.363 
Standard error 0.411 0.528 0.406 0.374 0.370 
N treat/ctrl 94/94 94/80 94/262 94/402 94/80 
      
Average yield, sorghum (kg ha-) 16.54 15.31 45.11 66.16 71.50 
Standard error 80.77 106.0 80.91 74.82 71.33 
N treat/ctrl 86/86 86/71 86/222 86/326 86/71 
      
Average yield, millet (kg ha-) 203.1 202.1 123.2 135.3 137.0 
Standard error 150.8 148.8 139.5 137.9 138.5 
N treat/ctrl 59/59 59/52 59/158 59/230 59/52 
      
Average yield, maize (kg ha-) 327.3*** 295.7** 354.5*** 312.3*** 315.3*** 
Standard error 121.2 132.9 105.7 105.9 101.9 
N treat/ctrl 68/68 68/59 68/200 67/287 68/59 
Gamma (W/HL) (1.4/2.1) (1.3/1.9)   (1.7/2.5) 
      
Average yield, cotton (kg ha-) -125.3 -96.9 -72.4 -129.6 -74.8 
Standard error 140.7 153.7 124.0 103.2 107.4 
N treat/ctrl 42/42 42/37 42/138 40/191 42/37 
      
Average yield, groundnuts (kg ha-) 369.7** 365.1* 272.2 283.8 289.6 
Standard error 181.5 197.9 194.2 187.5 176.6 
N treat/ctrl 37/37 37/31 37/99 37/132 37/31 
Gamma (W/HL) (1.1/1.7) (1.1/1.8)    
      
Artificial fertilizer (kg ha-) -8.608 -11.73* -6.751 -7.409 -6.871 
Standard error 5.912 6.984 5.436 5.099 4.924 
N treat/ctrl 99/99 99/82 99/269 99/402 99/82 
      
Complexe coton (kg ha-) -1.617 -3.081 -1.298 -1.523 -0.632 
Standard error 3.552 4.390 3.251 3.158 3.027 
N treat/ctrl 100/100 100/83 100/269 100/402 100/83 
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Complexe céréale (kg ha-) -1.200 -2.595 -0.114 -0.716 -1.311 
Standard error 2.623 3.149 2.179 2.334 2.534 
N treat/ctrl 99/99 99/82 99/268 99/403 99/82 
      
Urea (kg ha-) -5.589** -6.174** -5.119** -5.055* -4.845** 
Standard error 2.604 3.075 2.439 2.330 2.207 
N treat/ctrl 99/99 99/82 99/268 99/403 99/82 
Gamma (W/HL) (1.1/1.7) (1.2/1.8)   (1.8/2.6) 
Notes: Coefficient estimates are treatment effects using as treatment group the sample of compliers. 
‘M1to1NR’: one-to-one matching without replacement; ‘M1to1CR’: one nearest neighbor caliper 
matching (with replacement) using a caliper width of 0.25 times the standard deviation of the propensity 
score, ‘M5to1CR’: five nearest neighbor caliper matching (with replacement) using a caliper width of 
0.25 times the standard deviation of the propensity score; ‘Kernel’: kernel matching using the 
epanechnikov kernel; ‘LLR’: local linear regression using the tricube kernel. All matching estimators use 
the common support only. Standard errors are bootstrapped using 500 replications. Gamma reports the 
results of Rosenbaum’s (2002) bounding approach (using Stata’s rbounds). Odds ratios after which the 
estimate turns insignificant are reported using, in turn Wilcoxon’s signed rank test (W) and Hodges-
Lehmann point estimates (HL, assuming additive treatment effects). 

 

The estimated effect on maize yields is larger than in table 4 but we still find no effect 

on average yields. We also find some indication for the yield of groundnuts to be larger 

for compliers, but this effect is not robust to the use of different matching estimators. 

The estimated effects regarding the use of artificial fertilizers are in the same range as in 

table 5. Complying households use around five to six kg less of Urea ha- and annum.  

In sum, our findings suggest that the market value of aggregate yields, the 

households ability to feed itself, and the yields of sorghum, millet, cotton and 

groundnuts, are by and large unaffected by the state of being EcoSan beneficiary (as 

well as being a complying beneficiary). We do however find an increase in maize yields 

in the range of 20 (beneficiaries) to 30 (compliers) per cent higher than the average 

maize yield for non-beneficiaries. Beneficiary (complying) households also seem to 

decrease their use of Urea with around 2 sacs per year. This is a large effect given that 

the average household among non-beneficiaries uses 3.45 sacs Urea per year. 
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IMPLICATIONS FOR SUSTAINABILITY 

The different forms of phosphorus in artificial fertilizer come from mining of phosphate 

rock that, according to some researchers, may deplete within 60-130 years (see table 1 

in Walan et al., 2014). Our results show that there is a non-negligible potential to 

substitute artificial fertilizer with human fertilizer. Thus, closing the excreta loop 

previously broken by non-ecological sanitary solutions can to some extent limit the 

stress on finite resources, in particular if combined with other forms of organic 

fertilizers. A failure to realize these gains would work against the joint fulfilment of the 

sustainable development goals 2 (sustainable agriculture) and 6 (adequate sanitation for 

all). 

In order to close the loop, both a high level of retention of excreta and a proper 

handling of the human fertilizer are needed. In our sample, the actual retention of 

excreta is only a fraction of its potential. In addition, the utilization manual reports 

much higher levels of nutrients in human fertilizer than we found in our samples. This 

may indicate that dosage recommendations are sub-optimal which would lead farmers 

to over-substitute artificial fertilizer with human fertilizer. Indeed, we find that treated 

households use significantly less Urea. However, soils in Mali are farmed under nutrient 

deficit, calling for additional fertilization rather than substitution. Over-substitution will 

therefore worsen an already dire situation and may prove to be a very short-term gain in 

terms of saved expenses on fertilizers.  

The realization of potential economic gains is also important for the financial 

viability of investments in EcoSan solutions. According to CREPA, the lowest cost of 
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material for their type of UDDT is around 190 Euro, using local material. 31 The 

theoretical estimates gave a yearly value for the average household between 24 and 37 

Euro, under full retention of excreta, and thus a break-even of the initial investment cost 

after 5 to 8 years. The estimates on the actual use of human fertilizer suggested the gain 

to be only a tiny fraction of this sum. While all sanitary solutions have a construction 

cost associated with them, the production of human fertilizer from UDDTs provide an 

additional gain from, or a nudge to, choosing ecological sanitation over existing 

alternatives. This also means, however, that if an appropriate sanitary solution is already 

in place, a shift to ecological sanitation without subsidies is quite unlikely. 

CONCLUSIONS 

Bad sanitation is a waste. Human excreta contain the most important nutrients necessary 

for plants to grow and tend to end up in rivers, leading to eutrophication, instead of 

being used productively. We calculate the potential value of human fertilizer by the 

average household in our sample to around 30 per cent of the use of artificial fertilizer, 

allowing a decreased e use of artificial fertilizers (improving the household’s economy 

through lower expenditures) or an increase in the total amount of fertilizer used 

(improving soil quality and hence increasing agricultural yields). The actual retention of 

human fertilizer is however found to be a small fraction of its potential. We find that the 

use of human fertilizer has no effect on household agricultural productivity in the 

aggregate, though an increase in the yields of maize was observed. Our results also 

suggest that households with ecological sanitation substitute artificial fertilizer with 

                                                 

31 The construction of the UDDT’s in this program was mainly realized through the majority of 
households contributing with their own labour while CREPA was covering the expenses for 
material. 
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human fertilizer at 10 to 15 per cent of the average household use of artificial fertilizers, 

despite the indication of a much lower level of nutrients recycled. 

While our results indicate that the actual household economic gain from the use 

of ecological sanitation may be small, implying limited economic household incentives 

for investing in such solutions, we do not account for health effects at the household or 

community level. However, the relevant comparison when contemplating construction 

of ecological toilets is not the status quo of inadequate latrines or open defecation but 

rather other sanitary solutions. The scope for ecological sanitation will hence be larger 

when there are no other forms of sanitation already in place. 
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