






Simulating impact of measures in the environmental sanitation system 
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The results showed that, in Kumasi, the key process for organic waste and nutrient 
fluxes are private households. They are characterized by a large turnover of materials 
and a large waste production. The results also indicated that about 30% of the nitrogen 
and phosphorous demand in urban and peri-urban agriculture could be covered by ap-
plying compost produced through co-composting of biosolids and organic solid waste 
(Belevi, 2002b ). However, social, cultural, economic and institutional aspects should 
be investigated in order to assess the feasibility of introducing the co-composting proc-
ess in Kumasi. 

3.2 Septage treatment in urban areas in Vietnam 

The following example illustrates the impact of introducing the process of septage 
treatment in constmcted wetlands on the reduction of nitrogen load into the environ-
ment and on nitrogen recove1y. The quantification of the nitrogen flows is based on 
data collected in Viet T1i (Vietnam) by students of the Hanoi University of Civil Engi-
neering (Belevi and Thai, 2002), info1mation on the process of septage treatment in 
constmcted wetlands obtained through field reseru·ch at AIT (Koottatep et al., 2002), 
literature data and assumptions. Data ru·e indicative only and should not be taken as 
reference values. 

The example shows that the N load discharged in the environment can be reduced by 
30% through septage collection and treatment. Moreover, reuse of treated septage as 
organic fe1t ilizer can reduce nitrogen mining taking place in agricultural soil in the 
urban and peri-urban ru·ea by 9%. It also demonstrates that only 3% of the nitrogen 
contained in the excreta is reused as organic fe1t ilizer (biosolids) after treatment. There 
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is therefore a need for concepts and treatment processes enabling a better recovery rate 
of nutrient while guaranteeing the safe (hygienic) reuse of excreta. 
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4 Outlook  

The value of the method of material flux analysis lies in its ability to provide an over-
view of a system. The method can be used for the early recognition of problems and the 
evaluation of environmental sanitation systems according to their impact on waste and 
resource management (resource saving, recovery, reduction of waste load in the envi-
ronment). Key factors (flows) in the system can be identified enabling the planning of 
control/regulation mechanisms and meaningful sampling programs. Moreover, the ap-
plication of the method can help create a communication platform for different stake-
holders responsible for specific sectors of the environmental sanitation system. 

New concepts or technologies cannot be evaluated according to waste and resource 
management only. User’s needs and demand, socio-economic and health impact as well 
as the compatibility with the legal/institutional framework and actors’ capacity should 
be assessed. In the Kumasi example, questions related to the acceptance of applying 
human excreta as fertilizer, the existence of a market for compost among urban and 
peri-urban farmers as well as the economic impact of co-composting excreta and or-
ganic solid waste should be investigated. The results of these investigations combined 
with the knowledge on nutrient fluxes in the system could enable planners and deci-
sion-makers to assess the feasibility and viability of co-composting excreta and waste 
in the context of Kumasi. 

MFA can therefore be seen as one of the methods that should be part of a holistic envi-
ronmental sanitation planning guideline. Other methods and tools enabling, among 
others, stakeholders’ involvement, assessment of users’ concerns and needs as well as 
acceptance for innovations, and assessment of socio-economic and health impact 
should complement the MFA. This array of methods/tools should enable the selection 
of environmental sanitation options that are appropriate to a given context and therefore 
enhance access to sustainable environmental sanitation. 
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Exercises 

Summary background information on the environmental sanita-
tion system in Hanoi 
 
Hanoi general 

• 7 urban districts and 5 suburban districts 
• Total population is of about 3 million inhabitants, in which urban population 

accounts for 1.6 million people. 
• Total area of about 921 square km, in which urban area of about 100 square km 

and agricultural area of about 426 square km 
• Urbanisation and population growth 
• Environmental sanitation facilities are inadequate to meet the increasing de-

mand of the urbanization process 
 
 
Human waste and wastewater management 

• Households are equipped with on-site sanitation systems (mainly septic tanks 
in urban areas) 

• Untreated greywater and septic tank effluent flow into the combined sewerage 
and drainage channel which discharge into Red and Nhue rivers 

• Septic tanks are not regularly emptied therefore solids carry over into the efflu-
ent is likely to occur 

• Sludge from on-site sanitation systems is transported to landfills, composted in 
Cau Dien (co-composting plant) together with solid waste or used as fertilizer 
in aquaculture and agriculture 

• In suburban districts, there are numbers of households (about 55 % of HH) us-
ing dry single-vault and double-vault toilets 

• In rural areas, households still uses human and animal faeces as fertilizer for 
cultivation and aquaculture 

 

Domestic solid waste management 

• About 80% of the total amount of generated domestic SW is collected and 
transported to landfills 

• Part of the solid waste is recycled. 
• A small amount is composted in Cau Dien (3 – 5 % of total generated). 
• Solid waste is also illegally discharged into the drainage channel. 
• Part of kitchen waste is fed to the animals. 
• SW is not separated at source 
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Industrial waste and solid waste management 

• Only a small amount of industrial wastewater is pre-treated. 
• Industrial wastewater is also discharged in the combined sewerage and drain-

age channel 
• Industrial solid waste is collected and also transported to the landfill.  
• Part of industrial SW is collected and treated by URENCO under contract 

 

Stormwater management 

• Stormwater flows into the sewerage and drainage channel 
• The sewerage and drainage channel is filled with solids (mud, sludge and solid 

waste). It is dredged but SADCO (Hanoi Sewerage and Drainage Company) 
does not have the capacity to operate and maintain the whole sewerage net-
work. 

 
 
Sewerage and drainage system 

• The existing sewerage and drainage system is a combined one, domestic WW, 
industrial WW and storm water are discharged into the system 

• Not every street/road and residential area is covered by sewerage and drainage 
system (only 40 % of total area of Hanoi) 

• Sewer length per capita ratio is still very low, about 0.3 m/person 
• In both urban and peri-urban areas, the drainage systems are not covered (open 

channels). This coupled with the discharge of untreated WW into the sewerage 
and drainage system has caused bad smell, health risks and nuisance to the 
people. 

 

Urban and peri-urban agriculture 

• Different urban waste products (sludge from on-site sanitation systems, waste-
water from the drainage and sewerage system, compost, etc.) are reused in ag-
riculture and aquaculture 

• Nutrient rich wastewater benefit to the farmers 
• However, wastewater is also polluted with pathogens and industrial pollutants. 

Health risks must be taken into account 
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Exercise 1 Environmental Sanitation in Hanoi, System Analysis 
 
You are working for a consultant company and received the following mandate: De-
velop and evaluate environmental sanitation options for the urban and peri-urban area 
of Hanoi. You are part of an interdisciplinary team. All stakeholders have been in-
volved in order to better understand the situation and the problems, to take into account 
the different expectations and needs, learn from locally available solutions and develop 
alternatives that can meet stakeholder’s needs and that fit in the local context. Your role 
is to assess the current environmental sanitation situation based on an estimation of the 
material flows and to evaluate different scenarios based on their impact on the envi-
ronment and on resource saving, resource recovery.  
 
1.1 Based on the information on the environmental sanitation situation in Hanoi, 
clearly define the key issues related to material flows. 
 
1.2 Define the relevant processes, goods and indicator substances that will enable 
you to describe and quantify the problems identified in 1.1 and develop and evaluate 
potential solutions to these problems. 
 
1.3 Draw the sub-system “household” (processes and goods from and to the differ-
ent processes within the sub-system “household”). The sub-system household com-
prises the activities related to cooking, cleaning dishes, bathing/showering, doing the 
laundry, cleaning, and using the toilet. Discuss the key flows related to environmental 
pollution and resource saving, resource recovery.  
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Exercise 2 Estimation of Nitrogen and Phosphorous Flows in 

Excreta (Belevi, 2002a) 

Calculate the N and P flows in excreta (g/cap*day) based on the estimation of your 
own food consumption (rice, vegetables, eggs, ... )and compare the results with existing 
average values for N and P flows in excreta. 

Table 1 N and P concentrations in food 

Nitrogen Phosphorous 
r~1k2l r21k~1 

Rice 10.4 0.95 
Sugar 0.0 0.02 
Meat 29.5 1.80 
Vegetables 6.4 0.80 
Fruits (including potatoes) 1.2 0.12 
Eggs 20.0 1.80 
Milk (including milk products without cheese) 5.2 0.93 
Cheese 47.7 6.10 
Bread 14.1 1.10 
Flour, noodles, etc. 20.0 1.50 

Table 2 Human excreta: per capita quantities and their resource value (Strauss 1985) 

Faeces IUrine [xcreta ··-···-···-··-···-···-··-···-···-··-···-···-··-···-···-··-···-···-··-···· .. ···!---·-·--. . ..... ...... ...... 

Ql!aJ!ti~.D~.£C:-D~.is~~n~ .. -··-·-··-··-·-··-··-·-··· _. ..... _ .... , ..... _. .. ,__ __ .. ...... ...... " " " " ' " 

Gram/cap·day (wet) 250 1,200 1,450 
Gram/cap·day (chy) 50 60 110 
Including 0.35 litres for anal cleansing 1,800 gram/cap·day (wet) 
m3/cap·year (upon storage and digestion for ~ 1 0.04-0.07 
year in pits or vaults in hot climate) 
Water content r%l 50 - 95 

-~~!:!.1,liC,!!_~1!!P.2!!ti~!!.,,_,,_,_,_,,_,_,_,,_,_,_,,, ·-·-.. - .. 't'.? of d!:,Y!~.l~~s ...... ...... ..... 
Organic matter 92 75 83 
c 48 13 29 
N 4-7 14-18 9-12 
P20 5 4 3.7 3.8 
K10 1.6 3.7 2.7 

~ o.~.:S..OIJ.l_p_~ri~o~ 's .. sa.~e ·-··-··-·-··-··-·-··-··-·-··· ·-·-·-ro of dry so.I.i.~~ .. - ..... _ ..... .... 
N P205 K10 

Human excreta 9-12 3.8 2.7 
Plant matter 1 - 11 0.5 - 2.8 1.1 - 11 
Pig manure 4 - 6 3 - 4 2.5 - 3 
Cow manure 2.5 1.8 1.4 

2 1 
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Exercise 3 Impact of the type of sanitation system on nitrogen 
flows into the environment 

 
In a district of Hanoi (100,000 inhabitants), households are equipped with septic tanks. 
80% of the collected septic tank sludge (septage) is disposed of in a landfill. The rest is 
used by farmers as organic fertilizer. Household greywater as well as septic tank efflu-
ent is discharged into the drainage channel which then discharges into the river. Farm-
ers pump drainage water directly for vegetable irrigation (about 1000 m3 per day). 15% 
of the household food waste is used in agriculture for compost or animal feed. The rest 
is disposed of in the landfill.  
 
 
a) Estimate the nitrogen flows from the household (excreta, greywater, and kitchen 
waste) to the environment (surface water, groundwater and soil) and agriculture. 
 
b) Replace the septic tank with urine diversion latrines and compare the nitrogen flows 
to the environment and agriculture assuming that there is a demand from the agricul-
tural sector for urine and dried faeces produced in the urine diverting toilet systems. 
 
Available information 
 
Greywater generation: 100 l/cap*day 
Nitrogen concentration in greywater: 10-20 mg/l 
Total solids (TS) flow in excreta: 43-93 gTS/cap*day (Vietnam) 
Leachate transfer coefficient in landfill (nitrogen): 0.1 
Septage generation: 1l/cap*day  
TKN septage: ca. 1000 mg/l  
Reported septage emptying: one truck (5 m3) per day 
 
Estimate the missing information based on assumptions. Justify the assumptions based, 
among others, on the results of exercise 2 and your knowledge on the processes taking 
place in the different processes. 
 




