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Foreword
This publication was prepared by the Asian Institute of Technology (AIT, Bangkok/Thailand) and the Swiss Federal Institute for Environmental Science and Technology (EAWAG, Dübendorf/Switzerland) as lecture notes for an introductory course on
material flow analysis (MFA) for environmental sanitation planning. The course was
organized within the framework of the National Centre of Competence in Research
(NCCR) North-South as part of the project “environmental sanitation and urban agriculture”. Course participants were AIT Master students in environmental engineering.
The lecture notes contain (1) an introductory part on the rationale for integrating MFA
in environmental sanitation planning, (2) a presentation of the MFA methodology (terminology and procedure) as well as (3) examples of application of the method in the
field of environmental sanitation planning and (4) an outlook. Exercises are included in
the Annex. They aim at giving participants the opportunity to enhance their skills in
describing MFA systems for simple questions, in working with assumptions and in
solving quantitative problems using transfer coefficients.
The authors gratefully acknowledge the Swiss Agency for Development and Cooperation (SDC) and the Swiss National Science Foundation (SNSF) for their financial support through the NCCR North-South programme. The authors would like to thank Prof.
Hasan Belevi (University of Innsbruck) as well as Hans-Peter Bader and Ruth Scheidegger (EAWAG) for the fruitful discussions during the preparation of this course.
Comments and suggestions for improving this document can be sent directly to the
authors:
Agnes Montangero, EAWAG/SANDEC: montangero@eawag.ch
Dr. Thammarat Koottatep, AIT/SERD: thamarat@ait.ac.th
Second edition, Bangkok, April 05
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1

The role of MFA in environmental
sanitation planning

At the beginning of 2000 one-sixth (1.1 billion people) of the world's population was
without access to improved water supply and two-fifths (2.4 billion people) lacked
access to improved sanitation. The majority of these people live in Asia and Africa.
Poor water supply and sanitation have a considerable health impact (WHO, 2000). Besides, a large number of people around the world do not have access to adequate drainage and solid waste disposal services. At the same time, the world’s natural supply of
freshwater is subject to increasing environmental and economic pressures. The water
supply and sanitation sector will face enormous challenges over the coming decades.
The urban populations of Africa, Asia, and Latin America and the Caribbean are expected to increase dramatically. The African urban population is expected to more than
double over the next 25 years, while that of Asia will almost double (WHO, 2000).
Continuing population increases and increasing per capita water demand, fueled by
economic conditions, will further contaminate and deplete sources of water which are
finite, and in many countries already overexploited.
Our present sanitation concept consisting of using surface and groundwater as a sink
for human excreta and wastewater contributes to water pollution. Moreover, it results in
increasing health hazards, the steady degradation of natural resources and also the permanent loss of nutrients and organics from the soil sphere (Werner et al., 2003). In
traditional waste management of industrialized countries, the valuable nutrients contained in wastewater are wasted either to the effluent, to the sludge or to the air. Discharged into receiving waters, the nutrients start to boost nutrient cycles in the aquatic
environment leading to adverse effect such as eutrophication of lakes. Aware of the fact
that nutrients should not be discharged into receiving waters, wastewater managers in
the 1990s designed treatment plants aiming at enhancing nutrient removal by introducing new treatment steps such as biological and/or chemical P and biological N removal.
This was accompanied with tremendous costs to enlarge/enhance existing treatment
plants. However, the technical and economic feasibility of recycling nutrients in agriculture in today’s wastewater management system in industrialized countries is limited
by the presence of large volume of chemicals, organic micropollutants and heavy metals in sewage (Larsen and Boller, 2001). This gave rise to a re-thinking of the waste
management system and the development of innovative concepts in which waste is
considered as a resource.
New environmental sanitation approaches must be developed, both in industrialized
and developing countries, in response to the challenge caused by the large number of
people without access to adequate environmental sanitation, the rapid population
growth in urban areas, the water crisis, the depletion of nutrients and organic matter
from the soil, and the inability of the conventional sanitation system to manage water
and nutrients in a sustainable way. The following principles (Bellagio principles) form
the basis of a new approach (Schertenleib and Morel, 2002):
4
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•

Human dignity, quality of life and environmental security at household level
should be at the centre of the new approach, which should be responsive to
needs and demands in the local and national setting.

•

Decision-making should involve participation of all stakeholders, especially
the consumers and providers of services.

•

Waste should be considered as a resource, and its management should be holistic and form part of integrated water resources, nutrient flows and waste management processes.

•

The domain in which environmental sanitation problems are resolved should be
kept to the minimum practicable size (household, community, town, district,
catchment, city) and wastes diluted as little as possible.

Nutrient management starts by studying the nutrients’ origin, followed by the existing
mass flow pathways and exploration of alternatives to direct the nutrient streams in
order to facilitate the use of nutrients in agriculture (Larsen and Boller, 2001). The
method of material flux analysis (MFA) can be applied to get an overview of the existing water and nutrient flows in a given system (e.g. environmental sanitation in an urban area). It can be used for the early recognition of problems, related for example to
water and nutrient management, and for the assessment of measures or new concepts.

5
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2

The methodology of MFA

2.1

Definition

The method of “Material Flow Analysis (MFA)” describes the fluxes of resources used
and transformed as they flow through a region, through a single process or via a combination of various processes. It analyzes the flux of different materials through a defined space and within a certain time. In industrialized countries, MFA proved to be a
suitable instrument for early recognition of environmental problems and development
of solutions to these problems (Baccini and Brunner, 1991). The significance of the
method lies in the overview that can be obtained on the entire system (Baccini and
Bader, 1996). The scientific basis is the law of conservation of matter and energy.

2.2

Terminology

2.2.1

Substance

A substance is any (chemical) compound composed of uniform units. All substances
are characterized by a unique and identical constitution and are thus homogeneous. For
example, (chemical) elements such as carbon (C), nitrogen (N), Cadmium (Cd) or
(chemical) compounds such as carbon dioxide (CO2), ammonium (NH3) or cadmium
chloride (CdCl2) are substances (Brunner and Rechberger, 2004).
2.2.2

Good

Goods are substances or mixtures of several substances with functions valued by
men (Brunner and Baccini, 1991). Goods are, for example, drinking water (includes
besides H2O other elements and is therefore not a substance), solid waste and wastewater.
2.2.3

Process

A process is defined as the transformation, transport, or storage of substances or
goods. Processes are, for example, private households where inputs are converted to
excreta, solid waste, emissions, etc. A wastewater treatment plant in which wastewater
is transformed to treated wastewater, sewage sludge and gases. Agriculture is also a
transformation process in which, among others, N from the atmosphere is fixed as organic N in crops. An example of storage process is the landfill where most of the
wastes are stored (Brunner and Rechberger, 2004).
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2.2.4

Syst em and syst em boundaries

A system is the actual object of an MF A investigation. A system is defined by one or
several processes, the interactions (fluxes of goods/substances) between the processes
and the system bounda1ies between these processes and other processes located outside
the system border (in space and time). The actual definition of the system is a decisive
and demanding task. Poor results of MF A can often be traced back to an unsuitable
system definition. The temporal bounda1y depends on the kind of system investigated
and the given problem. For anthropogenic systems such as an entrep1ise, a city, or a
nation, periods of 1 year are chosen for reason of data availability. The spatial boundruy is usually fixed by the geographical ru·ea in which the processes are located. Abstract ru·eas also can se1ve for a boundruy definition when MFA is applied to a specific
prut of the economy, e.g. the waste management system (Bmnner and Rechberger,
2004).
2.2.s

Graphical representation

A process is represented by a box, flows by rurnws, and the system bounda1y by a
dashed line:
[Unit for flows
Name of Good
Name of
Flow
Process
( mass flow of good or
s ubstance flow in good) ......................... ........................
Name of system
~
~

~

,,
Figu re 1

Graphical representation of an MF A system

2.3

M FA procedure

Step 1 Definition of problem and specific objectives
Step 2 Selection of relevant substances, system boundru·ies, processes, and goods
Step 3 Assessment of mass flows of goods
Step 4 Assessment of substance concentrations in the goods
Step 5 Calculation of substance flows
Step 6 Consideration ofunce1tainties
Step 7 Presentation of the results
Step 8 Simulation of scenruios
This is an iterative process. Each step must be checked and adapted continuously during the whole procedure. The central element is the objectives of the project. The results of each step must be judged and adapted according to the set objectives.
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MF A procedure
Source: Brunner and Rechberger, 2004

In general, it is best to start with rough estimations and provisional data, and then to
constantly refine and improve the system and data until the required certainty of data
quality has been achieved (Bmnner and Rechberger, 2004).

The different steps are described and illustrated in the following paragraphs based on a
simple example: "Composting of AIT Campus Kitchen Waste".
Step 1 Definition ofproblem and specific objectives

How much nutrients can be reused as fertilizer in agriculture when the kitchen
waste of AIT campus is collected and composted?
Step 2 Selection ofrelevant substances, system boundaries, processes, and goods

The selection of substances depends on the project scope and objectives. The idea is to
select indicator substances. For example, when the project is related to nutrients cy8
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cling, Phosphor or Nitrogen is usually used as indicator. Heavy metals, like Pb, Cd, Cu,
or Zn are often used as indicators for industrial activity. C can be used as indicator for
biomass flux.
In this example, nitrogen is selected as indicator substance.
The spatial system boundary is usually given by the scope and objectives of the project (e.g. MFA of a wastewater treatment plant, carbon balance of a community, etc.).
Often, the only possibility is to define system boundaries as administrative regions such
as cities, states, nations because information collected on these levels may be available.
One advantage in choosing this kind of boundaries is that the political and administrative stakeholders are within the regional boundary. Thus measures based on the results
of MFA can be implemented more easily in such administratively defined regions.
In general, any system should be chosen to be as small and consistent as possible while
still being broad enough to include all necessary processes and material flows. From
the point of view of resource conservation and environmental protection, nitrogen
flows and stocks in a city are important. However, the agricultural region that supplies
the food in this city should be part of the system. Agricultural losses from farming as
well as production wastes from food processing represent an important surface water
pollution sources. This would not be taken into account if this agricultural region was
not part of the system. Moreover, this agricultural region has a potential need for organic fertiliser produced from the city’s solid and liquid wastes. This loop (food production-reuse of treated excreta and organic solid waste) could not be identified and
quantified if the agricultural region was not included in the system.
In our example, the system boundary is set around the composting process.
In case average flows and stocks over a long period of time are of interest, the temporal
system boundary has to be extended long enough to outweigh the momentary unsteadiness of the system. For many anthropogenic systems, this is the case for time periods of
investigation of one year (Brunner and Rechberger, 2004).
One of the main purposes of MFA is to develop simple and reliable models to picture
reality. In most cases, systems comprising more than 15 processes are unnecessarily
complex and difficult to handle (Brunner and Rechberger, 2004). Processes and goods
are selected according to their relevance to the objectives of the project.
In our example, only the process of composting is included in the system. Relevant
goods are kitchen waste, compost, gas, and water. Leachate is neglected in this
example.
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System analysis ,,AIT campus kitchen waste composting"

Step 3 Assessment ofmass flows ofgoods

Information on mass flows can either be taken from databases (e.g. bureaus of statistics, industrial associations, national or international environmental protection agencies,
papers and books) or measured on-site (directly or indirectly). Sampling plans should
be elaborated in such a way as to produce rigorous and reproducible results. Material
flows can also be assessed based on assumptions and cross-comparisons between similar systems. The reliability of data should always been questioned cru·efully. The seru·ch
for and the collection, evaluation and handling of data are core tasks in MFA (Brunner
and Rechberger, 2004).
In our example, the quantity of kitchen waste produced at AIT campus is given. It
amounts to 600 kg/day. The mass flows of the other goods can be calculated based
on the amount of composted kitchen waste (kw):
Water = 2% x kw = 12 kg/d
Compost = 20% x kw = 120 kg/d
Gas = Kitchen Waste+ Water - Compost = 492 kg/d
The indicated percentages are based on experimental values (Rytz, 2001)
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Mass flows [kg/day]
492
Gas

600
Kitchen waste

Composting
Water
12

Compost
120

System border AIT Campus Waste Composting

Figure 4

Mass flow of goods in the system „AIT campus kitchen waste
composting”

Step 4 Assessment of substance concentrations in the goods
Kitchen waste: N concentration = 0.2% (Schouw et al., 2002)
Compost: N concentration = 1.5%TS, TS = 40-50% (SKAT, 1996)
Step 5 Calculation of substance flows
Kitchen waste: 0.2% x 600 kg/d = 1.2 kgN/d
Compost: 1.5% x 45% x 120 kg/d = 0.8 kg N/d
Gas: Kitchen waste – compost = 0.4 kgN/d
The nitrogen load contained in the compost corresponds to the nitrogen load needed
to fertilize 1 ha of rice field (nutrient need rice: 98 kg N/ha, 3 harvests per year,
assuming that the other nutrients are supplied in sufficient quantity).
Nitrogen flows [kgN/day]

1.2
Kitchen waste

0.39
Gas

Composting
Water
0

Compost
0.81

System border AIT Campus Waste Composting

Figure 5

Mass flow of nitrogen in the system „AIT campus kitchen
waste composting”

The law of conservation of matter applies for each substance in each process. The balance of input and output flows (including stock changes) should be 0. A reason for a
11

The methodology of MFA

failure to balance can be missing flows; this source of error can be eliminated when
establishing the balance at the level of goods. Balance differences between input and
output of 10% are common and are not significant for the conclusions (Brunner and
Rechberger, 2004).
Step 7 Presentation of the results
The relevant results of the study have to be condensed into a clear message that can be
presented in an easily comprehensible way. The type of representation should be
adapted to the target group. The main results will be represented differently if the target
groups are technical experts in MFA and environmental and resource management than
if the target groups are stakeholders who are not familiar with MFA, for example policy and decision-makers. Results should be presented in a comprehensive technical
report and in stakeholder oriented summaries (Brunner and Rechberger, 2004).

2.4

Transfer coefficient

Transfer coefficients describe the partitioning of a substance in a process. They are
defined for each output good of a process. The transfer coefficient gives the percentage
of the total throughput of a substance that is transferred into a specific output good. It is
a substance-specific value. Furthermore, transfer coefficients are technology-specific
values and stand for the characteristics of a process. TC are not necessarily constant.
They can depend on many variables such as process conditions (e.g. temperature, pressure) as well as input composition. Sometimes TC can be regarded as constant within a
certain range. This makes them useful for sensitivity analysis of the investigated system
and for scenario analysis (Brunner and Rechberger, 2004).
Transfer coefficient substance s, process p, output o:
TCs,p,o = Flow s,p,o/Total input flow s,p
For example, the transfer coefficient for substance Nitrogen in the process of composting (see example “AIT kitchen waste composting under 2.3) and the output good compost amounts to the nitrogen flow in compost divided by the total nitrogen flow entering the composting process:
TC N, composting, compost =
N flow compost/Total N input: 0.81kg/d/1.2kg/d = 0.67

12

Simulating impact of measures in the environmental san itation system

3

Simulating impact of measures in the
environmental sanitation system

3.1

Co-compostin g excreta and solid waste in Kumas i

A project on MFA for environmental sanitation planning was conducted in Kumasi/Ghana in 1999. The project objective was to dete1mine to what extent the nutrient
demand of urban and pe1i-urban agriculture could be covered by the reuse of organic
solid waste and excreta.
A mate1ial flux analysis of the system "excreta and organic solid waste management in
urban and peri-urban Kumasi" was conducted. Data used to quantify mass, C, N and P
flows were mainly taken from the literature (locally available repo1ts and statistics,
scientific publications, etc.) and through field research (e.g. market smvey). The mass,
C, N and P flows of today's situation were quantified and the impact of introducing a
new process in the system was assessed. The new process is the co-composting of biosolids resulting from faecal sludge treatment and organic solid waste cmTently disposed
of in landfills.
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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 applying 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 process 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 environment 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 Engineering (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
14
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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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Outlook

The value of the method of material flux analysis lies in its ability to provide an overview 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 environment). Key factors (flows) in the system can be identified enabling the planning of
control/regulation mechanisms and meaningful sampling programs. Moreover, the application of the method can help create a communication platform for different stakeholders 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 organic solid waste should be investigated. The results of these investigations combined
with the knowledge on nutrient fluxes in the system could enable planners and decision-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 environmental 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 sanitation 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 demand 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 effluent 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) using 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 drainage 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 network.

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
•
•
•
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Different urban waste products (sludge from on-site sanitation systems, wastewater from the drainage and sewerage system, compost, etc.) are reused in agriculture 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: Develop 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 involved 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 environment 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 different processes within the sub-system “household”). The sub-system household comprises 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
Excreta (Belevi, 2002a)

in

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

Rice
Sugar
Meat
Vegetables
Fruits (including potatoes)
Eggs
Milk (including milk products without cheese)
Cheese
Bread
Flour, noodles, etc.
Table 2

Phosphorous

r~1k2l

r21k~1

10.4
0.0
29.5
6.4
1.2
20.0
5.2
47.7
14.1
20.0

0.95
0.02
1.80
0.80
0.12
1.80
0.93
6.10
1.10
1.50

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

__ .. ..... ......

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

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

Gram/cap ·day (wet)
250
50
Gram/cap ·day (chy)
Including 0.35 litres for anal cleansing
gram/cap ·day (wet)
m3/cap ·year (upon storage and digestion for ~ 1
year in pits or vaults in hot climate)
Water content r%l

-~~!:!.1,liC,!!_~1!!P.2!!ti~!!.,,_,,_,_,_,,_,_,_,,_,_,_,,,

Organic matter

,

_.

1,200
60

1,450
110

"" "

1,800
0.04-0.07
50 - 95

·-·-..- ..'t'.? of d!:,Y!~.l~~s...... ...... .....

N
P20 5
K10

92
48
4-7
4
1.6

75
13
14-18
3.7
3.7

83
29
9-12
3.8
2.7

Human excreta
Plant matter
Pig manure
Cow manure

N
9-12
1 - 11
4-6
2.5

P205
3.8
0.5 - 2.8
3-4
1.8

K10
2.7
1.1 - 11
2.5 - 3
1.4

c

" '"

·-·-·-roof dry so.I.i.~~..- ....._..... ....
~ o.~.:S..OIJ.l_p_~ri~o~ 's..sa.~e ·-··-··-·-··-··-·-··-··-·-···
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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 effluent is discharged into the drainage channel which then discharges into the river. Farmers 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 agricultural 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.
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