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3.4.9 Atlanta 
Summary of Simulation Scenarios 

Costs Results 

Figures 3.4-65 and 3.4-66 show the cost results of the simulation scenarios using one 
primary technology. The total unit cost per tonne-waste including collection cost (which is 
same for all options) for incineration is most expensive than others. The less expensive 
option is still direct landfill.  Considering the revenue from sales of collected recyclables, 
recycling options are also the less expensive alternatives. 

Energy Recovery Results 

Figure 3.4-67 shows the energy recovery results. As is easily understood, adoption of 
incineration with energy recovery contributes greatly by saving energy. In addition, recycling 
can also save energy consumption. 

Carbon Emission Results 

As Figure 3.4-68 shows, the carbon emission results show that the worst option can be said 
to be landfill with gas venting. On the other hand, scenarios for recycling, composting and 
incineration with energy recovery produce less carbon emissions.  In which, incineration with 
energy recovery is least option for carbon emissions. 

 

Summary of Optimization Scenarios 

Costs Results 

Figures 3.4-69 and 3.4-70 show the cost results of the optimization scenarios. It shows that 
the unit cost per tonne-waste is less expensive for the scenario which is maximizing material 
recovery with manual operation and biweekly collection, than other options. 

Energy Recovery Results 

Figure 3.4-71 shows the energy recovery results. Scenarios for minimizing carbon and for 
minimizing PM emissions can reduce energy consumption into the same level as the energy 
optimization scenario. 

Carbon Emission Results 

As Figure 3.4-72 shows, as well as the scenario for minimizing carbon emissions, the 
scenarios for minimizing PM emissions and energy optimization can also reduces carbon 
emissions. The other scenario for maximizing the material recovery with low capture rate 
still shows little positive carbon emissions. 
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CHAPTER 4  CONCLUSIONS 

4.1 Key Findings of the Scenario Modeling 
Exercise 

As discussed in Section 2.5, there is a considerable amount of data and assumptions that 
were used to model the MSW management scenarios for each city in this study.  Key data 
and assumptions used include a mixture of city-specific data that was collected through site 
visits and default data and assumptions that are built into the MSW DST.  Table 2.5-1 
presented a summary of the most important input parameters and whether they represent 
actual city data or MSW DST defaults.  Cost data in particular were lacking in availability. 
Therefore, cost results may not be an accurate reflection of actual costs in a given city.  The 
city of Lahore is one of the cities with least data availability, including cost and energy 
related data.  The city of Atlanta is one of the cities with the best data availability.  These 
city-specific data are carefully reviewed and some of them which are considered to be 
unreliable are modified into the model.  For example, the cost for equipment and 
maintenance for landfill disposal in Conakry is not applied for the model because its value 
collected at the field is quite expensive than others.  Operation and maintenance cost for the 
incineration plant in Shanghai is replaced to the MSW DST default because its value 
collected is much less than usual cost for incineration. 

In addition, we compare the landfill cost with and without the land price in the cost analysis 
because usually the government does not pay for land in case the land is the government 
land. 

As a modeling exercise, we were able to successfully input the city-specific data into the 
MSW DST and run both simulation and optimization type scenarios as presented in Section 
3 of this report.  In general, the following trends were observed through the scenario 
modeling exercise and examination of scenario results: 

Cost: 

• The lowest cost MSW management strategy appears to be landfill disposal.  The 
highest cost MSW management strategy appears to be incineration without energy 
recovery. 

• High land prices in some cities (e.g., Kawasaki) can significantly increase the cost of 
MSW management operations.   

• Capital, labor and energy prices are keys in determining cost tradeoffs between 
manual and mechanical operations.  For example, composting manual operations 
are more cost-effective than mechanical operations since those do not require any 
equipment, and labor is cheaper than energy in most cities. Should labor prices 
increase, this tradeoff can be minimized or reversed. Manual MRF operations are 
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less cost effective than mechanical MRF operations (Manual operations are 2- 4% 
more expensive), which seems to contradict previous statements.  However, the 
cost difference is very small and due to manual operations being very labor 
intensive and still requiring equipment. 

• Potential cost savings associated with materials and energy recovery are large and 
can significantly reduce the total cost of MSW management.  Modeled revenues 
from the sale of recyclables ranged from US$66- 197 per metric ton of recyclables.  
Modeled revenues from the sale of electrical energy, for example in case of 
incineration with energy recovery, ranged from US$3- 59 per ton of waste 
incinerated. 

 

• Markets for and market prices obtained for recyclables varies by city and causes 
significant variation in recycling costs among cities.  For recycling, the revenue 
obtained from the sale of recyclables is dependent on available markets for 
recyclables.  This is important because the revenue stream from the sale of 
recyclables can significantly lower the net cost of the recycling scenarios. If price 
data were not found a US$0 market value was used for the recyclables that has no 
market in the surveyed area, and defaults or prices for similar materials are used for 
the recyclables which have the market.  Conakry is the city with the least recyclable 
price data available. 

• Scenarios with high or low capture of recyclables will vary in cost depending on the 
amount of waste going to each of the selected management scenarios.  In general, 
scenarios with higher capture of recyclables are less expensive since this increases 
the revenues from material recovery and reduces landfill costs. However, this 
behavior can be reversed by the lack of revenues/markets from recycling and/or 
very low landfill disposal costs.  

 

Energy: 

• The strategies that appeared to be more effective minimizing net total energy 
consumption included recycling of key materials (e.g., metals) and incineration with 
energy recovery.   

• The quantity and composition of recyclables in the MSW stream is key in 
determining energy savings associated with recycling.  For example, metals 
production is very energy intensive so recycling metals achieves large energy 
savings.  A city that has a larger percentage of metals, and other energy intensive 
materials, in its MSW stream can thus achieve higher levels of energy savings from 
recycling. 

• As expected, manual labor-based operations (MRF and compost) generally consume 
less energy than mechanical-based operations.     

• The amount of energy that can be recovered via incineration depends on the MSW 
composition and characteristics, and higher income countries and major urban areas 
within countries of higher income have more plastic, paper, cardboard, and textile 
wastes that drive up calorific values of the wastes.  For many of the Bank member 
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cities (i.e., excluding Atlanta and Kawasaki), the MSW stream generally has a low 
average BTU/ton value due to high levels of food waste and other wet organics 
waste, as well as inerts (ash and soil) in some cases.  In general, incineration needs 
to be more than 1500 kcal/kg of lower calorific value to sustain combustion, and few 
cities in developing countries have wet, as received, waste that reaches this calorific 
value. 

• Energy offsets by virtue of incineration with energy recovery can be significant and 
are directly dependent on the electricity grid mix used for each city.  A city that relies 
on fossil-based electricity production will achieve higher levels of energy savings 
than a city with hydroelectricity or other renewable electricity production systems.  

 

Emissions: 

• The waste management strategies that appeared to be most effective minimizing 
emissions included recycling of key materials (e.g., metals) and incineration with 
energy recovery.   

• The life cycle environmental burdens associated with electricity consumption are 
highly variable between the cities studied and dependent on city-specific electricity 
grid mixes of fuels.  For example, a city that relies on fossil-fuel based electricity 
production will have higher emissions associated with electricity use than a city that 
relies on renewable electricity production (e.g., hydroelectricity). 

• Energy consumption (fuels and electricity) is a key indicator for criteria type air 
emissions and emission savings or offsets by virtue of materials and/or energy 
recovery.  Some cities (e.g., Katmandu) have high percentages of hydroelectricity 
production and thus in these cities, electricity-related emissions are zero.   

• Cities with high amounts of plastics in their waste stream will have higher GHG 
emissions from any waste management strategy involving combustion. 

• Landfill gas management can greatly reduce landfill-related GHG emissions.  This 
can be observed by comparing the results of landfill disposal with gas venting to the 
results of landfill disposal with gas flaring or gas-to-energy. 

• Landfill diversion (via recycling, composting, incineration) of organics can greatly 
reduce net GHG emissions by avoiding landfill disposal and subsequent production 
of landfill gas. 
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4.2 Discussion of Sensitivity for Parameters 
of Interest 

Up-front in the scoping phase of the study, several parameters were identified as 
parameters of interest in regards to their overall impact on the total MSW management 
system results.  The sensitivity of the total results to these parameters were evaluated using 
the scenario results and are discussed below. 

• Landfill gas collection efficiency:  For this study a landfill gas collection efficiency 
of 70% was used.  Landfill gas emissions (for cases where landfill gas is managed 
via flaring or energy recovery systems) are highly dependent on gas collection 
efficiency.  A lower efficiency would directly increase landfill gas emissions and a 
higher efficiency would directly reduce landfill gas emissions. 

• Fuel Price:  Fuel prices will primarily affect the cost for waste collection and other 
operations that utilize fuel-burning equipment (e.g., compost windrow turner).   

• Electricity cost:  Electricity prices will primarily affect the cost for operations that 
use power-based equipment such as MRFs that are equipment (balers, screens, 
magnet, conveyor belts, etc.) intensive.  Other operations, such as waste collection, 
will not be significantly impacted by electricity costs. 

• Price at which electricity can be sold back to the grid:  The price for electricity 
sale directly affects the net cost for landfill with gas-to-energy systems and 
incineration with energy recovery operations.  The cost of these operations can be 
significantly reduced if a good sale price for electricity produced can be negotiated.  
In general, the results showed a 34- 43% decrease in cost for landfills and 15- 47% 
decrease in cost for incineration due to electricity sale revenues. 

• Labor costs:  Labor cost will primarily affect labor intensive operations such as 
waste collection and manual recycling/composting.  In the cities analyzed, labor 
wages ranged from 0.08- 18$US/hour.   

• Carbon Finance pricing:  The prices obtained for reduction of carbon emissions 
can significantly impact total costs for the waste treatment options.  The results of 
this modeling exercise did not consider revenues from carbon pricing, which would 
be considered if comparing a given management strategy against a baseline 
strategy.  For example, a simple exercise comparing the emissions from a worst 
case scenario in which all the waste is sent to a LF with gas venting vs. a best case 
carbon minimization scenario indicate that revenues from carbon pricing may range 
from US$516,000- 2,323,000 among the studied cities using a carbon price of 12 
$US/MTCE.  

• Recyclables market price:  The availability of markets and prices obtained for the 
sale of recyclable varies by city and by the composition of recyclables in the MSW 
stream.  For some cities, there are well established markets and good prices.  In 
other cities, there are poor markets and low (or no) prices.  Revenues obtained from 
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the sale of recyclables ranged from US$66- 197 per metric ton of recyclables. 

• Compost market price:  The availability of markets and prices obtained for the sale 
of compost product varies by city.  For some cities, there are well established 
markets and good prices.  In other cities, there are poor markets and low prices.  
Revenues obtained from the sale of compost product ranged from US$15- 60 per 
metric ton of the compost products. 

• Land price:  The land price impacts significantly on the overall cost of landfill 
disposal.  For example, Kawasaki, which is the city with the highest land costs, has 
also the highest landfill overall cost even though its O&M costs are relatively low 
compared to other cities.  Land price are usually not paid when the landfill is 
constructed at the government land.  Therefore, we calculated the net total cost in 
all scenarios without land price for the landfill cost. 
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4.3 Appropriateness of Future Holistic 
analysis of Waste Management in Bank 
Member Countries 

This study was a groundbreaking challenge that has tried to confirm whether or not the 
MSW-DST developed jointly by the US EPA and RTI and developed based on the SWM 
experiences and conditions in the US could be useful if applied to the cities in the 
developing countries. 

In summary, the study confirmed that the MSW DST can play an important role for the 
decision making of the municipal solid waste management in those cities. However, it 
should be said that the existing MSW DST needs to be more tailored so as to conform with 
the actual conditions of those cities when preparing an individual detailed solid waste 
management plan. 

In the development of this kind of simulation model, , there are often many gaps in the 
baseline data that a developer of the model does not know about the fields of solid waste 
management, and in these instances the developer has no option but to use the default 
settings, which can often be unsuitable to the city in question.  In other words, the developer 
should understand the actual situation of the SWM practices at the target city, in addition to 
key aspects affecting cost and disposal techniques, such as waste composition, moisture 
content, fuel prices and so forth. Furthermore, users of the model, such as decision makers 
and SWM staff should similarly understand the essence of the model and the effects of 
using or overriding the default values contained within the model. 

The result of the study should therefore be widely released to the concerned people, as the 
latest frontiers of SWM decision making, thus encouraging further additions to and 
verifications of default data. Good baseline data to override the US-based defaults is key to 
the accurate functioning of the model.  

Needless to say, when planning the waste management system of a developing country, the 
information that is the most necessary for the decision-maker is cost.  However the 
cheapest options such as open dumping or open burning cause severe environmental 
pollution and unsanitary conditions, and adoption of such scenarios is definitely not better 
choice for the decision makers who need to have the backing of their people because 
secure of the hygiene circumstances is one of the most important public services that is 
often committed by the decision makers. 

Therefore, the present conditions in cities of many developing countries are such that the 
landfill option is the cheapest realistic alternative to open burning or dumping. 

When preparing the solid waste disposal plan, in general, several disposal options are 
compared In order to assess the feasibility using cost benefit analysis for the final decision.  
Because it is usually difficult to estimate such benefits, especially when putting the currency 
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value on it, the proposed project might be given the green light to go ahead when the project 
is seen to be feasible by an economic analysis that considers some external cost as the 
benefit, even though it is not feasible financially. 

In this regard, MSW DST can surely bring much considerable information, such as cost, 
energy consumption, carbon emissions and PM emissions by different disposal alternatives 
such as landfill, incineration, composting and material recovery, to the decision makers. 

Three points that the decision makers who could take such information may be facing are; 

Firstly, alternatives showing better results from the views of energy consumption, carbon 
emissions and PM emissions are not always the cheapest options.  It is hard to the decision 
makers to adopt such costly options unless some financial policy will be put on such efforts 
to reduce of environmental impacts. 

Secondly, sufficient capacity for the introduction and operation of the selected disposal 
options are needed.  For example, in order to adopt the incineration with energy recovery 
option with the expectation of achieving a reduction of total net cost and total energy 
consumption via sales of the energy produced, a large amount of investment and advanced 
skills for the operation of the plant should be available. 

Lastly, expected offsets by energy recovery or material recovery are not usually a direct 
benefit for the decision makers of the target city.  In addition, a certain judgment for the 
economic perspectives should be also required because the oil price and sales price of 
recycled materials will always fluctuate. 

It is also stressed that the reliability of SWM and associated data which are inputted to the 
model should be secured.  Default values should be also tailored to reflect the actual 
situation of the city in the developing countries. 

The consulting team collected as much data as possible from the field visits in about two 
weeks per city, with some follow-up communications, but these inputs were in practice 
insufficient to optimally fulfill the model run.  A considerable limitation of data availability at 
the selected cities was encountered even though those cities are considered to be 
representative cities with better SWM management than others in the regions.  Therefore, 
other data sources such as JICA, PAHO and METAP were also reviewed. Historical data 
availability is commonly difficult to obtain in developing cities, as the management 
authorities frequently have little capacity to gather and store accurate data, and so any 
further application of the model should initiate a data collection programme well in advance.  

This study relied on available data in the target cities.  While the level of detail of analysis is 
adequate to indicate how technologies and scenarios compare, more detail would normally 
be required for deciding on the most cost-effective technology that addresses local 
preferences to optimize energy security, land use minimization, carbon reduction, particulate 
reduction, materials recovery, etc.  For future use of the model beyond this study, when a 
city would like to compare the disposal options of the waste in detail using MSW DST, more 
detailed data will be recommended..  For example, as clearly understood from the 
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experiences of JICA development studies, a certain amount of input of human resources, 
time and money are necessary to conduct the waste quantity and composition survey. 

Though it is clear that even the basic surveys required for the detailed planning of solid 
waste disposal needs a large sum of investment, the general guidance utilizing the result of 
this study can be considered a useful tool for many cities to grasp the general perspectives 
of appropriate waste disposal options. 

 




