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SUMMARY: The approach described in this paper assists in visualising the existent solid waste management
(SWM) system and estimate cost implications achieved by implementing composting units, seen from the
municipality’s viewpoint. The new approach combines the methods of material flow analysis and cost
accounting. In a first step, the recent solid waste management of a city is assessed and visualised. Then, possible
future SWM scenarios are developed, considering different composting options as treatment options for the
biodegradable waste fraction. The approach provides information about waste flows, process costs and overall
cost type structures of current and future SWM systems. In the presented case of Asmara, decentralised
composting proofed to be favourable compared to centralised composting if applied for selected waste streams.
Results show that a decentralised composting strategy significantly reduces transportation costs which partly
compensate the investments and operation costs of the decentralised composting systems.
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1 Introduction

Decentralised composting is one possible approach to treat and recover the biodegradable fraction of the solid
waste stream in an urban system. Decentralised composting units on backyard, neighbourhood or community
level significantly reduce the waste amount that otherwise needs further handling by the responsible entity.
Furthermore, they also improve the hygienic condition in the neighbourhood, as they are often closely linked to
an improved primary waste collection system. Such waste recycling close to the source of generation has a high
potential to reduce costs of transport, as well as costs of the disposal facilities, by prolonging the landfill sites life
span. The later facts have a particular relevance for low- and middle income countries in Asia, Africa and Latin
America as urban waste streams contain 50 to 70 % of biodegradable waste (Bezama et al., 2006, Mrayyan et al.,
2005; Henry et al., 2005; Dias et al., 1996) which is subject to rapid degradation causing environmental
degradation and health risks in urban areas (Hardoy et al., 2001; Rajagopal, 1998).

In the past several municipalities tried to tackle the organic waste amount with large-scale and centralised
composting projects. However, the experience from India shows that such projects are prone to failure, mostly
due to limited revenues and high investment and operation costs (United Nations Development Programme,
1991). Failures can be attributed to inappropriate technologies for developing countries as well as the limited and
underdeveloped market for the compost product. Recent initiatives, which again want to establish large-scale
composting plants supported by anticipated revenues from the Clean Development Mechanism (CDM) still have
to prove their sustainability (UNFCCC, 2006).

As a consequence of the past failures, since the 1990s, decentralised composting on neighbourhood level is
considered as a more suitable solution for developing countries. Several community organisations and non-
governmental organisations (NGO) initiated small-scale and medium scale composting schemes in cities.
Decentralised composting has the potential to

e improve the precarious waste situation in communities as it often goes along with an improved primary
waste collection,



¢ reduce the waste amount that needs further handling by the responsible entity (e.g. municipality),
e be manageable by residents or local entrepreneurs due to less complexity of technology,

o offer new employment opportunities to underprivileged people,

e be implemented step-by-step, as small units can be set up independently.

Furthermore, small-scale composting units have a positive influence on the total expenditures for urban solid
waste management (SWM). For a municipal authority responsible for solid waste management recycling organic
matter can reduce

e costs of transport,
e costs of the disposal facilities, by prolonging the sites life span and
e environmental impacts such as ground water pollution or greenhouse gas emissions from landfills.

Therefore, small-scale composting units have - despite their higher unit costs - a positive influence on the total
expenditures for urban solid waste management (SWM). In addition to these direct financial savings, spillover
effects such as economic benefits due to employment generation, poverty alleviation, less use of foreign
exchange for fertilisers or imported machinery and an overall improved environmental management can also be
taken into account. Specific data on such financial and economic cost savings are yet scarce although such
essential information is needed for strategic planning and informed decision making by the municipal authorities.

The approach described in this paper assists in visualising the existent solid waste management system and
estimate cost implications achieved by implementing composting units, seen from the municipality’s viewpoint.
Basis for such a study are interested municipalities and/or private contractors as partners with a good knowledge
of their solid waste expenditures and the willingness to share the data.

2 Methodology

2.1 Approach

The new approach combines two well established analytical methods to evaluate the viability of decentralised
composting within an urban solid waste management system: Material Flux Analysis (MFA) and cost accounting
(CA). The MFA component visualises the waste flows and processes (e.g. waste generation, temporary storage,
transportation, treatment or disposal) over a defined time period of a city’s sold waste management (SWM)
system. Based on the model of the existing SWM system, future treatment scenarios can be modelled and
calculated. This approach allows the visualisation of changes in waste flows and costs induced by new processes.
For instance, it is possible to compare scenarios considering decentralised vs. centralised composting. The CA
component allocates fixed and variable costs of the system to the activities or processes defined in the MFA and
calculates partial and total cost-revenue balances. The combination of physical and financial data assists the
decision makers in predicting the effects of new SWM strategies (e.g. organic waste recycling) beyond the
typical financial considerations.

Several computer based assessment tools are available, which focus either on environmental impacts or costs
(McDougal et al., 2002 or Thorneloe, 2001). However, these programmes either hardly allow a detailed financial
analysis of the system or provide default values from experiences in industrialised countries which do not reflect
the situation in low- and middle-income countries. Therefore, this new approach tries to close the gap by
providing a model which allows the adjustments of parameters to the situation prevailing in low- and middle
income countries.

2.2 Material Flow Analysis

Material Flow Analysis is a systematic assessment of the flows of materials and resources within a defined
system (Brunner and Rechenberger, 2004, and Daniels and Moore, 2002). It bases on the law of material
conservation. MFA can be carried out for substances as well as goods. MFA for substances, often named
substance flow analysis (SFA), is a method for investigating pathways of specific substances through



anthropogenic and natural systems (Baccini and Brunner, 1991; Baccini and Bader, 1996a and 1996b; Voet,
1996). Most SFA studies are motivated by a specific environmental problem associated with the substance under
study such as heavy metals (Bergback 1992; Jonsson, 2000 and Sérme, 2003) or nitrogen (Voet, 1996). The use
of SFA helps to relate critical emissions of these substances to processes, products and material inputs in the
system. Material flow analysis for goods, defined as “materials with a positive or negative economic value”
(Brunner et al., 1998, p.5), is closely related to SFA (Baccini and Bader, 1996a and 1996b; Bringezu, 2000).
Examples are studies, analysing the use of land, energy and non-renewable resources. MFA studies link the use
of natural resources to consumer needs, economic structures or technological development (Mdiller, 1998; Redle,
1999; Faist et al., 2001; Hug and Baccini, 2002).

MFA is increasingly used for modelling material flows on regional or even global level (Hendriks, 2000). Waste
management is a very important application for MFA. Numerous examples are given in Baccini and Bader
(19964a), Brunner and Rechenberger (2004) and McDougal et al. (2002). Applications in developing countries are
described in Binder et al. (2001) and Streicher-Porte (2005).

Figure 1 shows a generic visualisation of a typical urban SWM system with its processes and material flows:
Waste is generated by households, collected directly (BC) or disposed of at temporary disposal points (TP).
From there, it is collected and transported to either a treatment plant or the final disposal site (LF). Such
presentations facilitate discussions and allow the allocation of costs to the processes occurring in the system.
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Figure 1 Defining system boundaries, processes and material flows of a solid waste management system

(AD=Administration, BC=Block Collection, TP=Transfer Points, SC=Skip Collection, LF=Landfill)

2.3 Cost accounting in combination with MFA

Cost accounting is the process of tracking, recording and analysing costs associated with the products or
activities of an organisation to support decision making and to improve costs and cash flows (wikipedia Free
Encyclopedia). All costs which are associated to products or activities are classified and calculated (Jewell,
2000). Traditional cost accounting differentiates between cost types (what costs?), cost centres (where?) and cost
units (for what purpose?). These entities have to be defined for each specific case depending on the questions to
be answered by cost analysis. This definition marks a crucial step in analysis as it determines the scope and the
level of detail of the analysis.

When applied in combination with MFA, the definition of cost types, centres and units in cost calculation has to
be consistent — to some degree — with the definition of system boundaries, processes and material flows in MFA
(see Fig. 1). In the methodological framework proposed in this paper, we suggest a high degree of consistency.
This means that cost centres in the cost calculation are identical with processes in MFA. The cost unit in the
system is the amount of waste collected (input flow from generation in Fig. 1). Cost types, however, represent
additional information that is not part of the MFA system (i.e. labour, electricity, depreciation, administration
costs). The cost types shown in Table 3 reflect the main types observed in waste management in developing
countries. A further break down is not appropriate as experience shows that such detailed financial data in
municipalities are not available for the solid waste management sector in municipalities in low- and middle
income countries.

Cost types are attributed to the cost centres (MFA processes) and allocated to the cost unit (amount of waste
collected) according to the amount of material turnover in each cost centre (mass proportional cost allocation).
This information is of particular interest as we want to analyse the interdependency of several subsequent or



interrelated processes. Therefore, it also allows determining the effect of composting activities on mass flows
and costs on the whole SWM system.

In case a mass proportional cost allocation does not fully reflect the cost drivers in the system, the model can be
extended. Costs for transportation, for example, depend highly on the number of trucks and related costs (e.g.
maintenance and depreciation). The number of trucks, however, is not linearly dependent on the amount of
collected waste. Thus, the model calculates the number of trucks as an additional parameter based on step
functions to better capture the (non-linear) relation between amount of collected waste and number of trucks. In
this case the number of truck represents the cost driver. Such extensions are commonly known in activity based
costing, a special type of cost accounting focussing on the identification and representation of cost drivers. Yet,
we refrain from classifying the cost accounting scheme used in our model as activity based costing for two
reasons. Firstly, traditional cost accounting is more commonly known and sufficient to understand the
methodological framework. Secondly, activity based costing was primarily developed to better cope with
planning and controlling of fixed costs. In our study, however, we do not have this focus but analyse all cost
types related to waste management.

2.4 Tools

The MFA model assumes that processes are linked by material flows. Processes either change the materials
flowing though or just pass them on to another process. Such transformation or transport activities cause costs
which can be again classified by cost types for each process. Furthermore, the material flows also influence the
process costs as the mass flows determine the number of trucks or number of composting plants necessary for
providing sufficient service. Materials or energy also can have monetary attributes (costs or revenues) which can
also be balanced in such a system. For example, compost as an output has a price attribute which, together with
the calculated output flow, finally determines the revenues obtained from compost sales. The MFA tool
umberto® was used to facilitate the modelling and data calculation for that approach as it also allows the
integration of financial data. Additionally, some cost calculations had to be done beforehand and afterwards with
a spreadsheet calculation (i.e. Excel). Particularly the data collection was prepared and facilitated by spreadsheet
tables.

2.5 Parameter Definition

The definition of the processes within the software tool required special attention as the appropriate balance
between simplification and accuracy of the model has to be found. Therefore, each process is defined by
different parameters which determine either physical changes of the material flow or determine cost effects
within the process. Table 1 exemplifies the type and use of parameters for a transport process as established in
the case study of Asmara. In this process material remains unchanged during transport and therefore only one
material specific parameter is defined. The parameters fully describe the transport process including distances,
average velocities, fuel consumption and working hours. The parameters are both relevant for calculation of the
required number of vehicles and the costs (including personnel costs). Working with parameters allows the
flexible adjustment of the model to the prevailing situation in many cities or regions.

Table 1 Process and net-parameters for the process “block collection”

Parameter Variable Default Value Unit
Transport distance of vehicle per trip (return) C0o 24 km
Velocity of vehicle (average) Cco1 9 km/h
Working hours per day C02 8 h
Volume capacity of vehicle Co3 13 m°
Density of waste in vehicle Co4 130 kg/ m*
Fuel consumption of vehicle C05 0.32 I/km
Attendance of vehicle Co06 65 %
Working days per year NOO 243

Density of fuel (diesel) NO1 840 kg/m®




The definition and later variation of parameters allows determining cost implications or sensitivities for future
scenarios. For instance, the parameter “transport distance” can be varied which would influence the time
required for transport and thus the amount of vehicles, necessary for transporting a fixed amount of waste. The
number of vehicles subsequently influences the transportation costs such as salaries, depreciation or fuel of the
overall SWM system. For each of the processes involved in solid waste management such parameters are
designed.

2.6 Reality Check with Case Studies

The approach was tested in three cities in development countries which represent different city types regarding
their population and organisational settings. The aim was to test the applicability of the approach under different
conditions, such as number of population, technological standing, and data availability and accuracy (Table 2).

Table 2 Overview of three case studies
City Country Population | Scope of Characteristics
study
Bouargoub | Tunisia ~10 000 | entire town | Rural town with simple management structures,
technical and financial data available or easy to collect.
Asmara Eritrea ~300 000 | entire town | Capital of Eritrea, centralised organisational structures,
technical and financial data available from responsible
units or possible to collect.
Dhaka Bangladesh | ~6 500 000 | Dhanmondi | Capital of Bangladesh, densely populated, complex
Ward organisational structures, data available only as
accumulated figures in literature or through own
investigations, difficult access to municipal data

For each case a baseline scenario was developed by assessing the current situation regarding waste flows,
processes involved and financial implications. In a second step, scenarios were developed by consulting decision
makers and local experts about additional case specific information. New scenarios of interest considered an
improved landfill management and/ or centralised and decentralised composting facilities as part of the SWM
system of the respective city.

Due to the prevailing governance situation, each of the cases required individual strategies and methodologies to
assess the data and develop relevant scenarios. However, some general activities could be defined allowing the
modelling of the baseline scenario and future scenarios:

1. Identify local stakeholder with scientific technical background in order to facilitate the data collection and
analysis.

2. Contact and discuss with responsible SWM unit within the municipality the scope of study and define the
system boundary, processes and waste flows to be assessed.

3. Identify and review existing reports, technical monitoring documents and financial accounts.

4. Draw a first MFA model as baseline scenario (processes and material flows) and insert the data available.
The MFA will immediately reveal the gaps or inconsistency of data.

5. Collect missing data by own investigations in cooperation with responsible unit — this is especially
relevant for the costs and revenues.

6. Amend and detail the baseline scenario regarding the material flows. Allocate costs and revenues to the
corresponding processes and material flows.

7. Develop possible and relevant future scenarios together with the responsible units and discuss the
technical and financial implications.

8. Transfer the scenarios into the MFA system, adjust the material flows and allocate the new cost and
revenues to the new established system.

9. Present results to all involved stakeholders and discuss the consequences of the findings.




3 Results and Discussion

The case study of Asmara in Eritrea exemplifies the functionality of the approach described above and reveals
interesting results. This chapter gives information about the SWM system in Asmara before describing the
outcomes of the study.

3.1 Basic Information about the SWM System of Asmara

Asmara is both the capital of Eritrea and administrative centre of the Maakel Region, which is one of six
administrative regions. Asmara is located on a highland plateau which is one of the most important agricultural
areas of Eritrea. However, according to Stillhardt et al. (2002) the soils are poor in nutrients and organic matter
and farmers have a high demand for affordable organic and inorganic fertilisers. Compost retrieved from
municipal solid waste is regarded as a valuable fertiliser for peri-urban agriculture. Thus, the Administration of
Maakel region was interested to strengthen the already existing link between urban waste management and the
surrounding agricultural activities (Drescher and Tesfay, 2005). The Sanitation Unit (SU) of the municipality
was therefore interested in a cooperation and analysis of the existing solid waste management system and
options for an improved reuse of organic matter from waste in Asmara. For Asmara, four scenarios - including
the current situation - were developed:

o Current situation (Baseline)

e Centralised composting (CC): with one large composting plant at the landfill (180 tons per day)

e Decentralised composting 1 (DC 1): with 60 small composting sites (3 tons per day) throughout the city
treating all generated waste

e Decentralised composting 2 (DC 2): with 36 small composting sites (3 ton per day) throughout the city
treating selected waste streams which are high in biodegradable waste

In this paper the results and conclusions from two out of four scenarios are presented: The current situation
(Baseline) and the decentralised composting 2 (DC2). The complete study is documented by Kubrom et al.
(2004) and Mller (2006).

In four weeks time, the project team together with the sanitation unit determined the system boundary, relevant
processes and material flows. They collected all relevant data to define the crucial calculation parameters for all
processes and developed the baseline. With this information and further assumptions regarding the specification
of non-existent facilities such as the centralised composting plant or the decentralised composting plants a
calculation of the material flows and implicated costs was possible.

Asmara has nearly 400 000 inhabitants which generated 53 332 tons of mixed municipal waste in 2004.
(Kubrom et al., 2004). Assuming a collection efficiency of 80 %, the Sanitation Unit (SU) collects 44 364 tons of
waste per year with container and compactor trucks. The waste is transported to a landfill located 6 km from the
city. (20 % of the waste remains in open space or drains and is collected during an annual cleanup campaign
organised by the SU. This waste fraction was not considered in the following calculation). According to a study
of Habtetsion et al. about 52 % of the solid waste is biodegradable and suitable for composting. (Habtetsion,
1999).

3.2 Material Flows and Processes in Asmara

The following two figures show exemplary outputs of a material flow analysis as Sankey display.

For the baseline scenario (Figure 2) the project team defined the relevant processes Administration (AD), Skip
Collection (SC), Block Collection (BC), Street Sweeping (SS), Transfer Points (Containers) (TP) and Landfill
(LF). Input material flows are defined as: mixed waste (grey) and fuel. Material flows inside the system are
rejects (dark grey) and biodegradable waste (light grey). Output materials are defined as gas/water losses and
landfill material sold to farmers. The weight of the arrows represents the amount of waste flowing through the
system. The processes BC and SC are designed to calculate the number of vehicles necessary for the collection
and transport of the total waste amount as described in chapter 2.5.
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Figure 2 Material flow analysis for the current SWM situation in Asmara (Baseline)

Figure 2 shows that street sweeping is an important process in the SWM system of Asmara which was
underestimated so far. Almost 40 % (17 745 tons) of the total annual waste amount is collected by the street
sweeping team (407 street sweepers). The remaining waste is almost equally collected by compactor trucks in
the BC process (27 %) and by skip loaders in the SC process (container system, 33 %). An analysis of the
separated waste flows revealed that waste coming from street sweeping is not suitable for composting due to a
high content of inorganic material and therefore should be directly transferred to the landfill site. This
information could already be considered in the future scenarios which included composting as a treatment
option.

Figure 3 shows the result of such a scenario considering decentralised composting as a treatment option for the
organic fraction of selected waste sources. The MFA-system in Figure 3 appears more complex as new processes
and material flows had to be defined. Additionally to the previous scenarios, Decentralised Composting (DC) is
defined as an additional process in the system. Water and Compost are new input and output flows respectively.
Likewise the transportation processes, the process DC calculates the required number of small scale composting
plants according to the waste input to the process and the defined capacity of the composting plant. The
calculation results in 36 decentralised composting plants with a capacity of three tons of mixed incoming waste
per day and plant throughout the city. This number is sufficient for treating 26 618 tons of waste delivered by
vehicles or directly from households.

Based on the findings shown in Figure 2, the new scenario depicted in Figure 3 considers waste from street
sweeping as rejects and diverts it directly to containers determined for land filling (dark grey). Therefore, only
waste from households, markets and businesses is collected and treated in the provided composting facilities

(DC) (light grey).
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Figure 3 Material flow analysis for a possible future SWM system in Asmara considering decentralised

composting as treatment option for organic waste (DC2)



Surveying the changes in waste flows the model reveals that 15 572 tons less waste has to be transported to the
landfill site, as it is treated inside the city boundaries. This is equivalent to a waste reduction potential of 35 % or
about 5 000 truck-trips to the landfill site. Furthermore, the scenario reveals that about 4 670 tons of compost is
produced, which would be absorbed by the agricultural sector immediately as it covers about 80 % of the current
demand for organic matter currently mined at the landfill site (Ogbazghi et al., 2005).

Generally, the development of these models is a suitable means for communication and planning. The concept of
material flows and processes is easily understood by practitioners and decision makers. Defining and drawing
these systems already improved the communication of the project team and focused the discussion on neuralgic
processes in the system. Much effort was necessary to define and specify the transportation processes. They
turned out be the most determining factor with regard to cost implications. Furthermore, transportation is a
limiting factor for the efficiency of the SWM system in Asmara. The results revealed potentials to improve waste
collection and transport efficiency through decentralised composting which also significantly influences cost
structures. This will be further specified in the following chapter.

3.3 Financial Analysis

As reported by the municipal authorities, the annual budget of the solid waste management department amounts
to about 12.3 million Nakfa (US$ 819,000), which cover the costs of solid waste collection and latrine emptying
services. The major part - about 10 million Nakfa (US$ 667 000) - is currently spent for solid waste
management. The various cost items of the solid waste management system (e.g. salaries, maintenance, fuel cost,
depreciation etc.) were calculated using the data provided by the Administration of the Maakel Region and
further investigations of the research team. The data was allocated to the processes defined in the MFA model
and material flows and costs could be calculated simultaneously. Total annual costs and cost distribution among
the processes are graphically illustrated in Figure 4. For all scenarios the street sweeping process remains
unchanged.
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For the existing baseline situation (first column in Figure 3), the total annual costs (fixed and variable costs) of
solid waste management are about 10 million Nakfa, whereof 57% are related to waste collection and transport
(BC and SC). Figure 4 also includes total costs and process cost distribution of all modelled alternative
scenarios. The “centralised composting” scenario with one large composting plant at the landfill (180 tons per
day), reveals an annual cost increase of approx. 2.6 million Nakfa. Except a marginal reduction of costs for
landfill management all costs remain the same as in the baseline.



The “decentralised composting 2” scenario (DC2), as depicted in Figure 3, assumes that only waste from
households and markets is treated in decentralised composting plants. Though the decentralised composting
schemes cause a significant cost increase for treatment (3.6 million Nafka) and is therefore more expensive than
the centralised composting plant, the total costs of the SWM system are lower than in the “centralised
composting” scenario (CC). This effect can be mainly attributed to significantly reduced costs for transportation.
For example, the costs for block collection decline from 2.3 million Nakfa to 0.6 million Nakfa, as transportation
distances are massively reduced. This already indicates that decentralised composting has its advantages within a
solid waste management system when implemented for selected solid waste streams. Especially, collection
vehicles which are not suitable for long distance travelling can be used more efficiently if operated only within
the city boundaries.

In general the distance between the place of waste collection and waste disposal is a crucial factor for the
viability of decentralised composting. For the case of Asmara, an increase of transport distance from 6 km to 17
km already leads to a significant financial advantage for a decentralised approach. (Muller, 2006) As in many
urban areas of developing countries the landfills are as far as 40 km away from the city centre and transportation
is limited, decentralised treatment option carry a great potential for improved transport efficiencies.

Table 3 shows the results of the cost calculation according to cost types. While the process cost calculation
allows an analysis of the occurrence of costs, the calculation of cost types provides additional information about
the causes of cost increase or decrease. Table 3 clearly shows that the main cost types of the SWM of Asmara
are salaries and depreciation of machinery and vehicles. They constitute 83 % of the total costs in the baseline
and 84 % of the total costs in the DC1 scenario. The main cost driver in the decentralised composting scenarios
is the required staff, while costs for depreciation can be reduced. Based on the baseline (4.6 Mio Nakfa) the
salaries increase by 21% in the CC scenario and by 41% in the DC2 scenario. This strong increase of cost can
only be partly compensated by achieved cost reduction for machinery or fuel. The lower depreciation costs of
DC1 and DC2 can be attributed to the lower machinery investments for the composting facility and a possible
reduction of vehicles. This effect corresponds with the reduced fuel costs (-42 %) for DC1 and DC2. In reality,
of course, the number of transportation vehicles remains the same and cost savings are limited. However, the
freed capacities can contribute to a significant increase of the overall SWM efficiency.

The significant increase in costs for auxiliary materials and electricity (DC1 and DC2) must be attributed to a
multiplying effect. Costs for single decentralised composting plants are available from existing case studies
which provide detailed cost calculations considering also auxiliary materials and electricity. Due to the high
numbers of plants required even comparatively low costs have a significant effect on cost allocation.

Table 3 Cost distribution according to cost types (Nakfa)
Cost types Baseline Centralised Decentralised Decentralised
Composting Composting 1 Composting 2
Fuel & Lubricants 1253980 1289 544 645 244 732782
Water for composting 33927 41 504 22 969
Raw materials 12 475 385 428 56 645 38725
Auxiliary materials 52 778 66 349 952 778 592 778
Maintenance 344 506 390 459 359 010 310614
Depreciation Machinery/ Vehicles 3699 533 4610 315 2828 261 3593 869
Insurance of assets 28 402 28 386 14790 16 725
Other expenses 113 996 270 000 162 000
Salaries 4599 997 5610 634 8219 288 6 561 305
Electricity 2940 34 425 112 740 68 820
Total Costs 9994 611 12 563 463 13500 259 12 100 587

Additional revenues are only achieved through compost sales. Assuming a price of 25 Nakfa per tonne, which is
a conservative estimate, the revenues from compost sale range around 117 000 Nakfa. Compared to the total
revenues from taxes and fees it is less than 1 %. Furthermore, the revenues do not cover the additional costs for
the newly introduced composting activities.




4 Conclusions

Considering the outcomes of the presented case and also results of the other two mentioned case studies it is
possible to identify common aspects and to draw generalised conclusions for the approach. For a comprehensive
conclusion, two viewpoints have to be considered: Firstly, the applicability of the MFA-CA approach to assess
alternative integrated solid waste management systems and secondly, the general lessons learned about the
viability of decentralised composting in low- and middle-income countries.

4.1 Is the MFA-CA approach suitable?

The introduction of the approach of material flows and processes to stakeholders requires some time, but is
understood by most of involved SWM officers and decision makers. The MFA allows municipal decision
makers a view from a new angle on their waste management system. The thorough development and discussion
of a baseline scenario facilitates further discussion on how to change or improve an existing SWM system.

The financial analysis is the most difficult part of the study, as almost all SWM units in low- and middle income
countries work on basis of global budgets allocated to SWM. Officers are not used to allocate costs to defined
processes and calculate unit costs. Therefore, external assistance for modelling and calculation was crucial in all
cases. This means that the MFA-CA approach can hardly be followed by municipal officers in their day-to-day
work and therefore remains a planning instrument for specialists. However, involved stakeholders have shown
great interest and confirmed the usefulness of such a planning tool.

The MFA-CA approach requires the cooperation of the responsible units within a municipality, as especially
reliable financial data can only retrieved from their files. Such cooperation can only base on transparency and
trust of all parties, which is not given in some cities in low- and middle income countries or in cases where only
a part of a city should be assessed.

The limitation of the approach and the model was revealed in the case of Bouargoub in Tunisia. The model
immanent calculations in step functions might cause too high costs for small SWM systems where only two or
three vehicles are in operation. If the amount of waste just exceeds the capacity of a composting plant or
transportation vehicle it will calculate another plant or vehicle leading to significant cost increases. This effect
might distort the future scenario. Therefore special attention must be given to threshold values in the material
flows in small SWM systems.

4.2 Is decentralised composting a viable option?

The MFA- approach allowed the assessment of hypothesises regarding the viability of decentralised composting
in low- and middle income countries. The analysis of the cost structure allows a differentiated discussion on the
advantages and disadvantages of decentralised composting. Although operation of decentralised composting may
be more expensive than centralised systems, the model reveals that, compared to a centralised plant, transport
costs are reduced in decentralised composting. In the case of Asmara, 1.7 million Nakfa can be saved in transport
costs as shown in Figure 4 (fourth column). Half of the additional costs, which would be necessary to implement
and operate decentralised composting schemes, can thus be compensated by costs savings in transport and
increased revenues through the sale of compost. This compensation would not be as significant with a centralised
composting plant, as its transport costs remain unchanged. Furthermore, decentralised composting eases the
operational and financial burden from the weakest link — transport — in the solid waste management chain.
Allocation of capital for waste collection trucks, their operation and maintenance (fuel, spare parts) are a great
challenge for many authorities in cities of low and middle income countries. Additionally, the lack of available
land for final disposal within city reach is also of great municipal concern. The problem of limited transport
capacity becomes even more acute with new landfill sites being constructed further away from the city centre. A
possible extension of the landfill lifespan is achievable for both, the centralised and decentralised composting
scenario. In the case of Asmara the life span could be extended by 20 % assuming a live span of 20 years. In

both centralised and decentralised composting scenarios, improved solid waste management systems incur
increasing annual costs. However, the question of how to allocate investments most efficiently remains to be
discussed.



The results of the presented study suggest a reallocation of necessary new investments to decentralised
composting schemes so as to use existing capacities more efficiently. Instead of just investing in new transport
equipment and landfill extension, the investment can partly be channelled towards decentralised composting
schemes. In the case of Asmara, decentralised composting would result in freeing existing truck fleet capacity, as
only 64% of the initial waste volume has to be transported. The remaining capacity can be used to extend the
SWM service to other areas, thus increasing system efficiency. The described approach not only allows
predicting the financial outcomes of potential changes in the solid waste management system, but also
contributes to enhancing decision-making. To conduct a reality check, Sandec has submitted the results obtained
to the Eritrean and Tunisian authorities involved. A follow up is planned to deal with further questions arising
from the current results and future plans of the stakeholders involved.
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