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Abstract 
 
Integrating material flow analysis (MFA) in environmental sanitation planning 
approaches would enable to design environmental sanitation strategies that 
minimise resource consumption and environmental pollution. A model based 
on the method of MFA and allowing to simulate the impact of different 
scenarios on groundwater abstraction, nutrient discharge in surface and 
groundwater, and reuse of nutrient for food production in peri-urban 
agriculture in Hanoi, Vietnam was developed. The development of sustainable 
environmental sanitation options requires a holistic approach in which various 
aspects such as user’s perceptions and needs as well as costs, health and 
environmental impact of the proposed options are assessed. Currently, a new 
environmental sanitation planning approach - the household-centred 
environmental sanitation approach (HCES) - is being tested in several cities. 
In order to integrate the MFA in this planning approach, it should be 
conducted according to different levels such as household, neighbourhood, 
district, city, and regional levels so that it complies with the HCES concept of 
zones.  
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1. Introduction 
 
1.1 The need for new environmental sanitation1 planning approaches 
 
At the beginning of 2000 1.1 billion people were without access to improved 
water supply and 2.4 billion people lacked access to improved sanitation. 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 

                                                 
1 Environmental sanitation encompasses water supply, excreta, wastewater, and solid waste 
management as well as drainage. 
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adequate drainage and solid waste disposal services. Moreover, management 
of resources such as water, energy, and nutrients within the conventional 
environmental sanitation system is not sustainable. Large amount of drinking 
water is used as carrier to transport excreta through the sewer system. 
Human excreta contain nutrients and are thus a valuable resource. Nutrients 
are with water, air and light the basis for plant growth and hence food 
production. The discharge of wastewater into the environment not only leads 
to environmental pollution but also to the loss of nutrients. However, the 
production of commercial fertiliser which is needed to cover nutrient need in 
agriculture is energy intensive and mines phosphorus reserves which are 
likely to be depleted within 50-100 years (Cordell, 2005). Conventional 
approaches to environmental sanitation have been inappropriate to mitigate 
these problems. There is a need for more effective planning tools capable of 
addressing sustainability issues.  
 
The present paper briefly describes the environmental sanitation situation in 
Hanoi, introduces the concept of material flow analysis (MFA) and illustrates 
how it can be applied as a tool to assess environmental sanitation options 
based on the example of Hanoi. It finally discusses how MFA could be 
integrated in the existing planning mechanisms in Vietnam as well as in the 
household-centred environmental sanitation planning approach (HCES). 
 
1.2 Environmental sanitation in Hanoi 
 
Hanoi is the capital city and the second largest city of Vietnam. It comprises 7 
inner districts and 5 suburban districts with a registered population of 2.8 
million. Formerly, the suburban districts were agricultural areas, providing the 
capital with food. At present, new factories, industrial and export processing 
zones are being established in this area. The most important changes in the 
political economy of Vietnam began with the Doi Moi (Renovation policy) 
reforms in 1986 (Quang and Kammeier, 2002) resulting in an opening of the 
economy to foreign capital. This boosted the urbanization process, especially 
in Ho Chi Minh City and Hanoi where a large majority of the economic growth 
is concentrated. Between 1991 and 1999, Hanoi province’s population grew 
by 590,700, of which 319,000 were migrants and the rest came from natural 
population growth. These figures do not include the many unregistered 
immigrants living in Hanoi temporary or permanently (van den Berg et al., 
2003). Hanoi’s population is still increasing at a high rate with an expected 
population in the urban agglomeration of more than 5 million inhabitants by 
2015 (UN, 2004). As a consequence of the Doi Moi, the economic structure of 
Hanoi province is changing: the share of agriculture in the gross domestic 
product decreased from 10 to 3.6% between the late 1980’s and 1999. 
However, the agricultural sector still plays an important role in land use, the 
supply of food and the provision of income to the poorest part of the 
population (van den Berg et al., 2003). The rapid urbanization represents a 
real challenge for Hanoi’s authorities to ensure water supply, solid waste and 
wastewater management services. It further creates significant pressure on 
the environment and on resource consumption. 
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Hanoi’s water supply relies mainly on groundwater; however, the city’s water 
demand already exceeds the aquifer’s recharge rate. The groundwater level is 
lowered by overexploitation and the city is suffering from land subsidence. 
Septic tanks are the most common urban on-site sanitation option in Vietnam. 
In Hanoi, septic tank effluents are mainly discharged into the sewerage and 
drainage network. However, apart from domestic black wastewater, which is 
pretreated in septic tanks, and a limited amount of industrial and hospital 
wastewater, which is subjected to preliminary treatment, all the wastewater is 
discharged untreated into aquatic systems draining into the Nhue and Red 
Rivers (Viet Anh et al., 2004). Sludge collected from septic tanks in the urban 
centre is usually disposed of in a landfill. A small fraction of the sludge is co-
composted with solid waste. In peri-urban areas, latrines are generally 
emptied by individuals and their content reused as fertiliser in agriculture or 
aquaculture either directly of after on-farm composting with other waste. About 
70% of the solid waste generated in the urban districts are collected and 
disposed of in a landfill. A small portion is co-composted with faecal sludge. 
The uncollected waste is discharged on open dumps or in drainage channels, 
burnt in the open or recycled. Lakes, ponds and canals in Hanoi are seriously 
affected by untreated domestic and industrial wastewater. In Thanh Tri, a 
district located south of Hanoi, farmers use urban and industrial effluents as 
fertilisers and fish food (van den Berg et al., 2003). Although this practice has 
reportedly led to higher yields and greater financial benefits, it is also 
associated with health risks.  
 
2. Method 
 
2.1 The method of Material Flow Analysis (MFA) 
 
The development of measures aiming at improving the situation in Hanoi by 
reducing groundwater consumption and pollutant load into surface water as 
well as by increasing resource recovery for food production can be supported 
by MFA. MFA is a method that studies the fluxes of resources used and 
transformed as they flow through a region. In industrialized countries, MFA 
proved to be a suitable instrument for early detection of environmental 
problems and development of appropriate measures (Baccini and Brunner, 
1991; Baccini and Bader, 1996). Examples of application are resource 
management planning at city and regional level, waste management planning, 
the development of environmental management systems in enterprises, the 
derivation of indicators as basis for monitoring sustainable development used 
by official statistics in several EU member states (e.g. nationwide material 
throughput per GDP). MFA has already been applied in urban areas of 
developing countries in the field of environmental sanitation (Binder, 1996; 
Belevi, 2002; Montangero et al., 2004; Huang et al., 2006). However, data 
uncertainty has been identified as one barrier to a broader use of the method, 
particularly as a tool for policy decision (Danius, 2002). This issue is even 
more important in the context of developing countries where data availability 
and reliability is low and means for data collection (available laboratory 
equipment, trained laboratory staff, financial and human resources) are limited. 
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A material flow analysis comprises the following main points: 
 
1. Identification of the key (material flow related) issues. 
2. System analysis (selection of the relevant goods, processes, indicator 

substances, and system boundaries). 
3. Quantification of mass flows of goods and of indicator substances. 
4. Identification of weak points in the system. 
5. Development and evaluation of scenarios. 
 
As mentioned above, groundwater abstraction, pollution of receiving waters, 
and the need for water and nutrient in peri-urban agriculture are some of the 
key issues identified in Hanoi. A system supporting the analysis of these 
issues is illustrated in Fig. 1. The system visualizes the flows of the relevant 
goods such as groundwater, excreta, greywater, and organic solid waste 
through environmental sanitation and agriculture related processes within 
Hanoi province. Processes symbolize the transformation, transport or storage 
of goods. Households, sanitation installations, sewerage & drainage network, 
landfill, and agriculture are examples of relevant processes. Flows are 
represented by arrows, processes by boxes. Water, nitrogen, and phosphorus 
have been selected as indicators. The system analysis forms the basis for the 
assessment of the goods and indicator flows. 
 

 
 
Fig. 1. System analysis “environmental sanitation & agriculture in Hanoi province”. 
 
Within the framework of the Hanoi case study, a mathematical model has 
been developed that calculates the flows as functions of different parameters 
such as number of inhabitants, per capita water consumption, and ratios of 
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the different on-site sanitation installations. Parameter values have been 
assessed on the basis of secondary data as well as results from expert 
interviews and measurements. The use of formal expert elicitation techniques 
proved to be promising to estimate missing data in the context of developing 
countries (Montangero and Belevi, 2007). Analysis of the flows enables to 
identify points in the system that have to be given particular attention during 
the development of measures (e.g. main pollutant sources and sinks, potential 
for resource recovery). Finally, scenarios developed by stakeholders’ groups 
can be simulated and evaluated based on their impact on resource 
consumption or environmental degradation. It is important to consider data 
uncertainty, particularly when data availability and reliability is limited. 
Uncertainty analysis delivers additional information when comparing the 
impact of different scenarios. Section 3.1 illustrates how the model can be 
applied to simulate the impact of different measures on groundwater 
abstraction in Hanoi. 
 
2.2 The Household-Centred Environmental Sanitation (HCES) 

planning approach 
 
Environmental sanitation options should be evaluated according to social, 
economic, and ecological aspects. As MFA permits the comparison of options 
according to ecological aspects only, it is important to integrate it into a holistic 
planning approach such as the HCES planning approach (Eawag, 2005; Lüthi 
et al., 2006). It places the household at the core of the planning process and 
thus responds directly to user’s needs and demands. It is a multi-sector 
approach taking into account water supply, sanitation, storm drainage and 
solid waste management in an integrated way. It is further a multi-actor 
approach as it emphasizes the participation of all stakeholders, beginning at 
the household/neighbourhood or community level, in planning and 
implementing urban environmental sanitation services. It is based on the 
concept of “zones” (household/neighbourhood/local government/district 
government/national government) and recommends addressing problems as 
close as possible to the zone where they occur. Only if a problem cannot be 
solved in this smaller zone, is the problem exported to the next largest zone. 
Moreover, it is based on a “circular model”, which emphasizes resource 
conservation and reuse to reduce waste disposal, in place of the traditional 
linear model of unrestricted supply and subsequent disposal. Provisional 
guidelines describing the main principles as well as the different steps of the 
approach have been published and are now tested in several case studies in 
Asia, Africa, and Latin America. 
 
3. Results and discussion 
 
3.1 Applying MFA to simulate the impact of environmental sanitation 

options 
 
The following example illustrates how the method of MFA can be used to 
simulate the impact of different measures taking the issue of water supply in 
Hanoi as an example (Montangero et al., submitted). Groundwater abstraction 
rate in Hanoi amounts to about 620,000 ± 90,000 m3/day which is almost as 
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high as the estimated aquifer recharge rate of approximately 700,000 m3/day 
(Nga, 2005). The MFA model for Hanoi was applied to simulate different 
scenarios. Assuming that trends continue (high population increase, increase 
of the per capita water consumption, industrialization), groundwater 
abstraction would almost double by 2015 and thus be far above the estimated 
sustainable limit. Measures should therefore be taken in order to guarantee 
adequate water supply in the future and avoid problems due to land 
subsidence.  
 
A potential measure to reduce household water consumption consists in 
reusing greywater (kitchen, bath and laundry wastewater) for toilet flushing. 
This would lead to a water abstraction decrease of 16%. Assuming that 
leakage losses could be lowered from 25 to 10% following an upgrading of the 
water distribution system, a 17% decrease of groundwater abstraction would 
be reached. Finally, reducing industrial water consumption by 30% by using 
more water efficient production techniques would result in a 4% water saving. 
Implementing all measures would lower groundwater abstraction by a third 
corresponding to 762,000 ± 106,000 m3/day. Interventions such as 
information and awareness raising campaigns, and putting in place financial 
mechanisms (incentives and/or sanctions) are preconditions for the successful 
implementation of the aforementioned measures.  
 
In spite of this improvement, groundwater abstraction would still be in the 
same order of magnitude as the maximal recommended withdrawal rate. 
Using river water as additional water supply source is being discussed in 
Hanoi. However, the fact that surface water is seriously polluted renders its 
treatment unaffordable. Since recently, water is piped to Hanoi from the Da 
River, 70 km from Hanoi. Import from less polluted surface water from other 
regions is likely to increase in the coming years. Yet this could lead to conflicts 
among consumers. Improving surface water quality in and around Hanoi could 
render its use as water supply source more affordable. In addition, promoting 
the development of neighbouring small and medium size cities around Hanoi 
as proposed in the Master Plan for Development of Hanoi (Hau, 2004) could 
limit the increase of groundwater consumption in Hanoi. 
 
This example illustrates the potential of MFA in simulating the impact of 
different measures and thus creating the information basis necessary for the 
evaluation of scenarios. However, it also shows the limitations of the method. 
It is effective to consider biophysical aspects but must be combined with other 
methods in order to take social and economic aspects into account.  
 
3.2 First ideas on the integration of MFA in the existing planning 

process in Hanoi 
 
Vietnam urban planning system is structured into (i) regional plan, (ii) master 
plan, and (iii) detailed plan. Detailed plan is prepared for specific areas within 
a city. It is drawn up in accordance with the master plan (Anh et al., 2005). 
 
The Master Plan for the Development of Hanoi up to 2020 was approved in 
1998. It covers aspects of land use planning and sector development such as 
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industry, commerce and agriculture. The Master Plan was subjected to an 
Environmental Impact Assessment (EIA). Besides, an environmental action 
plan for Hanoi has been done. However, rapid urbanization and 
industrialization as taking place in Hanoi only happens in a relatively 
controlled way. Particularly when there is a high pressure on land use, short 
term economic benefits are likely to be set at a higher priority than longer term 
economic advantages derived from environmental protection.  
 
According to Hau (2004), there has been inadequate incorporation of 
environmental considerations into the process of macro planning in Vietnam 
(such as the formulation of long-term socio-economic plans). Although 
drainage and sewerage systems have been considered, issues such as water 
pollution control as well as regional and urban resource protection have been 
given too little attention in urban planning projects. 
 
Two pilot wastewater treatment plants with tertiary treatment (nutrient removal) 
started operation in 2005. In the next phase of the sewerage and drainage 
programme (2006 - 2010) 4 wastewater treatment plants will be constructed 
for water pollution control in the urban area of Hanoi. However, it is pity to 
note that reuse of urban wastewater for agricultural production, which has 
been practiced traditionally in this area, is not being considered in the 
programme. Lessons learnt from the MFA case study in Hanoi showed the 
importance of peri-urban agriculture, not only for the supply of food to the 
urban area and the provision of employment and income but also as a key to 
design sustainable water and nutrient management strategies for the province. 
Both environmental sanitation and peri-urban agriculture should be adapted 
so as to minimise artificial fertiliser consumption and nutrient load into the 
environment while maximising nutrient recovery through waste and 
wastewater reuse in peri-urban agriculture. In areas where wastewater could 
be potentially reused, wastewater treatment should thus aim at removing 
pathogenic microorganisms while minimising nutrient losses rather than 
removing nutrients.  
 
Current development clearly demonstrates that a tool such as MFA would be 
beneficial for environmental planning. It could assist in evaluating the impact 
of measures regarding resource management and hence in designing sound 
action plans. In order to facilitate integration of MFA in existing planning 
mechanisms, the following points should be taken into account: 
 

 collaboration between the different sectors should be strengthen (e.g. 
water supply, excreta & wastewater, solid waste, drainage 
management as well as reuse in peri-urban agriculture) 

 
 a more differentiated MFA approach should be chosen in order to 

consider the characteristics of different areas within the city (according 
to income-level, housing density, distance to agricultural area, etc.). 
This would make integration of MFA in the urban planning process 
easier as the latter is mainly based on the spatial arrangement of land 
uses. 
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The fact that Strategic Environment Assessment (SEA) has just been 
introduced in the legislation in Vietnam could represent an opportunity to 
integrate MFA in the urban planning process. It has been realized that EIA is 
not entirely appropriate to consider the impact of development on environment, 
especially when designing policies, plans, and programmes. Accumulative 
and interactive effects of different development activities, in particular, cannot 
be sufficiently well analysed. That is the reason why SEA has been introduced 
in the revised Environmental Protection Law in Vietnam (2005, brought into 
force on July 1st 2006) as a complementary instrument to EIA. From now on, 
SEA has to be integrated into the preparation of master plans.  
 
SEA is a process for systematically mainstreaming environment into the 
appropriate levels of policy making. It includes mechanisms for evaluating the 
environmental consequences of policy, planning, or programme initiatives in 
order to ensure that they are appropriately addressed in decision making on 
par with economic and social considerations. It is an integrative tool to support 
cross-sectoral approaches, which are needed to achieve long term 
sustainability objectives. There is a range of methods available for use in SEA 
such as workshops, multi-criteria analysis, overlay mapping, scenario 
modelling, impact matrices, and checklists (WB, 2006).  
 
Given the fact that MFA is an appropriate method to provide scientific 
information on the impact of different scenarios on resource consumption and 
environmental pollution, its integration in the SEA seems promising. It could 
be applied at a very early stage of the decision-making process to predict the 
impact of different measures, including the status quo, and thereby supporting 
the development of sound environment and resource management strategies. 
Scenarios simulated should be developed by a group of actors representing 
different sectors and different views such as the expert’s views and promising 
local initiatives. The SEA should facilitate the dialogue between different 
sectors as well as between different actors.  
 
The opportunity of integrating MFA in the urban planning through the SEA 
process is not only valid in Hanoi but also in other regions in Vietnam and in 
other countries. 
 
3.3 First ideas on the integration of MFA in the HCES planning 

approach 
 
The integration of MFA in the HCES planning approach seems straightforward. 
Both approaches are based on a multi-sector and multi-actor development 
and evaluation of scenarios. Besides, MFA enables to evaluate the impact of 
environmental sanitation scenarios based on resource management aspects 
and thus supports the “circular model” (maximizing reuse and recycling while 
reducing resource consumption and waste discharge in the environment) 
promoted in the HCES approach. 
 
MFA enables to get a systematic overview of the entire environmental 
sanitation system. It visualizes the linkages between different sectors such as 
water supply, sanitation, solid waste management, stormwater drainage, 
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urban agriculture, and the environment as illustrated in Fig. 1. The systematic 
overview (system analysis) should be developed by different experts from the 
relevant sectors and can therefore be used as a way to foster the dialogue 
between these different sectors. Moreover, the analysis of the current 
situation regarding material flows can give indications on weak points in the 
system that could be fed in the discussion on possible scenarios. Simulating 
the impact of scenarios on resource consumption and environmental pollution 
can further assist the evaluation of scenarios developed by different actors. 
Applying MFA as part of the assessment of the current status and the 
identification of options (steps 3 and 5 of the HCES planning approach, see 
Fig. 2) appears therefore to be beneficial.  
 
However, a more differentiated MFA approach is needed in order to comply 
with the HCES concept of “zones”. In the above described example, material 
flows have been estimated for the entire province of Hanoi without 
distinguishing between different levels such as neighbourhood, district or city 
levels. A differentiation between the zones could help analyze the “export” of 
waste from one zone to the other as well as the waste discharge and reuse to 
the environment and agriculture, respectively, within each zone. Moreover, a 
differentiation between different neighbourhood types characterized by 
different income levels, housing density, existing infrastructure and services, 
the presence of factories or food production activities is required in order to 
develop solutions that are appropriate to the local context. One could, for 
example, distinguish between “poor inner-city”, “poor peri-urban”, middle-
income urban”, and “middle-income peri-urban” neighbourhoods. The MFA 
conducted in Hanoi only represents the situation for an “average” 
household/neighbourhood. It means that information on different household 
types (for example water consumption of urban and peri-urban households) 
has been aggregated for the estimation of the material flows. A possible way 
to adapt the MFA approach used in the Hanoi case study in order to render its 
integration into the HCES approach easier would be to analyse and visualise 
material flows both according to zone and according to neighbourhood type as 
illustrated in Fig. 3. This could then be conducted for each neighbourhood 
type. An additional sketch could summarise the situation for all neighbourhood 
types in the city. This would allow the visualisation of the total flows between 
the zones as well as the total flows to the environment and agriculture within 
each zone.  
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Fig. 2. Relationships between the steps of the HCES and MFA approaches. 
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Fig. 3. System overview differentiating between different zones. This could be used as a basis 
for the assessment of waste “export” from one zone to the other, waste discharge to the 
environment and waste reuse in agriculture within each zone. Only the excreta and 
wastewater management sector is represented in this sketch. FS: faecal sludge.  
 
4. Conclusions and outlook 
 
The water and nutrient flow analysis conducted in Hanoi demonstrated that 
the method of MFA delivers useful information for the planning of 
environmental sanitation options even in spite of limited data. However, it is 
important to consider user’s perceptions and needs when developing 
environmental sanitation scenarios. Social and economic impacts of these 
scenarios should be evaluated. Therefore, the method of MFA should be 
integrated into a holistic planning approach. In the case of Vietnam where 
SEA has just been introduced in the legislation, using MFA as one of the 
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methods applied within the SEA seems promising. Moreover, integrating MFA 
into the HCES planning approach seems meaningful. Analysing material flows 
according to different levels such as household, neighbourhood, district and 
city levels should render the MFA method compatible with the HCES concept 
of zones. The HCES approach is being tested in different countries in Latin 
America, Africa and Asia. This will be used as an opportunity to develop 
recommendations on the integration of MFA in this planning approach.  
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