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An optimization model is proposed to find out the best waste to energy (WtE)
technology combination and municipal solid waste (MSW) disposal scenario for a
disadvantaged community. Three major types of waste streams and three mainstream
WtE technologies are of interest there; waste streams are paper waste, plastic waste, and
organic waste; WtE techniques are incineration, pyrolysis/gasification, and anaerobic
digestion (AD). Whilst other possible renewable energies such as solar resource are
considered as an option to make profit and operate the community cleanly. In this study,
firstly, forecasts of waste generation and population of this region are performed on a tenyear scale using method called a fuzzy grey model GM (1, 1). The prediction of waste
generated in studied region is the feedstock of WtE technologies to produce energy. In
addition, the compositions of different waste streams are calculated, assuming waste
materials are collected and classified and then could be applied to optimization model
directly. The problem arises that for disadvantaged communities to fully utilize the waste
land there and recover energy from waste to transfer it into clean one, a multi-objective
optimization model is formulated to maximize the profit and minimize the carbon
emission of the WtE industries while satisfying the energy consumption. A case study of
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community in Los Angeles. is performed after methodology was modeled; results show
that the installation of WtE plants and solar panels will make this community selfsustaining and accomplish a positive net profit after ten-year run.
This research is a starting point of one new part of a whole simulation platform
called Smart City. Aiming at planning for a clean and efficient community, this research
mainly finds the possibility of transferring a disadvantaged community and recovering
waste energy as much as possible in an optimal setting. Some details of the problem are
not addressed, but this study still gives out some possible future work directions.
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1. Introduction
Disadvantaged community has multiple definitions related to environment,
demography, architecture, or energy. They mainly exist in developing world today;
however, a great proportion of communities and neighborhoods is still operating
inefficiently and unclean in developed countries such as in the United State where the
solid waste is not recovered or vacant land is not utilized properly, causing a great
waste of energy and land. They are classified as disadvantaged community as well. It
is reported by USEPA that MSW generated in 2014 is 258.5 million tons in US, with
a mild increasing trend in past 20 years, and the MSW is projected to reach 9.5 billion
by 2050 worldwide because of rapid urbanization and population growth. Absolutely,
there is a huge biomass and energy wasted through the process of generating solid
waste or wastewater in daily life. Recovering energy in waste will definitely save a
lot of energy and resources and at the same time, reduce the carbon emission and
pollution. Therefore, recovering energy from MSW becomes imminent and draws a
significant attention in recent years as a new way to save energy and environment.
Some materials in waste like metal can already been fully recycled, while others
remain untreated in disposal process. Traditional methods treating waste like
landfilling can, as well, recover biomass or energy; however, the negative
environmental impact of these immature techniques made them less preferable
especially in developed countries since they are harmful to land and atmosphere.
Therefore, researchers and scientists started to seek new or improved technologies to
treat waste and recover energy more efficiently. A hierarchy of waste management is
shown in Figure 1; it demonstrates an exhaustive hierarchy and classification of waste
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management today. The next section provides a brief introduction about major WtE
technologies widely studied and applied today which are considered in our problem.

Figure 1: Hierarchy of Waste Management

1.1.WtE Technology Overview
1.1.1. Incineration
Incineration is a mature and well-developed technology, also referred to as mass
burning. It involves the combustion of almost all types of solid waste and converts
biomass in waste materials to electricity and heat. Figure 2 shows a simplified process
in incineration plant. Incinerators have the capability of reduction on the municipal
solid waste (MSW) up to 90%, with an overall conversion efficiency of 18-26%. An
incineration normally requires a temperature in the region of 850 to 1100℃. The end
product derived from this process is primarily hot combusted gas consisting of
nitrogen, CO2, and some non-combustible residues or ashes. The heat generated from
combustion process can be used to operate steam turbines for electricity production or
for heat exchangers used to heat up process steams in industry. Nevertheless, due to
the high moisture concentration of MSW, direct energy recovery from waste through
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incineration will lead to unnecessary energy losses. A pre-treatment of drying is
usually required to remove the high moisture content in waste before it feeds
combustion chamber.
A typical incineration plant can generate 550-750 kWh of electricity or equivalent
to 2 MWh of heating per ton of mixed waste. Considering an average price of four
cents per kWh of electricity in US, revenues from combusting per ton of waste vary
from 20 to 30 dollars.

Figure 2: Simplified Schematic of Incineration Process

1.1.2. Pyrolysis and Gasification
Pyrolysis and gasification are both thermal processes similar to incineration, but
operated under different conditions. Figure 3 and 4 provide simple processes of
pyrolysis and gasification WtE plants. Pyrolysis is a thermochemical decomposition
of carbon-based material in waste in an oxygen-free environment and a lower
temperature at 250-750℃ comparing to incineration. Gasification is a well-
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established technology that involves the partial oxidation of organic waste under a
temperature range of 800-900℃. Pyrolysis degrades waste into syngas, bio-oil, or tar
and char. The fast pyrolysis process primarily produces 75% liquid bio-oil from waste
with a heating value of 17MJ/kg which could be burned for electricity or heat
generation; whilst, a slow pyrolysis produces bio-char can be used as a fertilizer for
agriculture or soil amendment. The gasification mainly produces syngas composed
85% of CO and H2 and a small proportion of CO2 and CH4, with a lower heating
value of 4.5MJ/m3. It can be sent to power generation plant for energy production
such as steam and electricity. Nevertheless, the gasification-based process for energy
recovery is significantly sensitive to the properties of solid waste being processed.
Therefore, pretreatment on the waste is preferable to improve the efficiency, but it
will inevitably introduce more cost. Gasification process can reach around 18-22% of
overall waste to electricity conversion efficiency with conventional steam cycle. It is
revealed that the efficiency can be increased to 26-28% through the installation of a
gas engine or even up to 30% with a gas turbine. Although all the main types of
gasifiers are adaptable to various waste types, plasma arc gasification drew a lot of
interest in the research field dealing with MSW. Pyrolysis and Gasification processes
can reach around 18-22% overall conversion efficiency. An estimation of 450-530
kWh of energy can be recovered from one ton of waste through pyrolysis, similarly
400-650 kWh from gasification. A gasification or pyrolysis WtE plant has a capital
cost ranging from 620-850$/tpa, with O&M cost nearly equal to 10-12% of capital
cost.
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Figure 3: Simplified Schematic of Pyrolysis Process

Figure 4: Simplified Schematic of Gasification Process

1.1.3. Anaerobic Digestion
Anaerobic Digestion (AD) is a biodegradation process of organic compounds
involving microorganisms in the absence of air to produce biogas consisting of
mainly CH4 and CO2. AD of organic waste has many environmental benefits
including the production of a renewable energy platform, the possibility of nutrient
recycling, and the reduction of 70% of waste volume. A schematic presentation of
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AD process is displayed in Figure 5. To address the issue of high salt concentration, a
co-digestion of organic waste with sewage sludge or wastewater is preferably used to
decrease the concentration of nitrogen. It is observed that anaerobic co-digestion of
wastewater and highly rich organic elements such as food waste could increase the
CH4 yield in biogas. The overall electrical energy conversion efficiencies are
reported to vary from 10% to 12% based on a gas engine. A 367m3 of biogas could be
produced from one ton of dry waste, containing 65% of methane with an energy
content of 6.25 kWh/m3, and 1m3 of biogas could generate 2.04 kWh of electricity
regarding 35% of generation efficiency. Investment costs for AD system are
considerably lower than those from thermochemical system. The capital cost for AD
varies $310-460/tpd and O&M cost approximately 1%-6% of capital cost.

Figure 5: Simplified Schematic of AD Process
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1.2.Literature Review
WtE is a developing and promising field, given that contradiction on developing
and protecting environment at the same time becomes remarkable. A lot of work has
been done related finding out the possibility of WtE in different context, so more and
more researchers and organizations start to study the application of WtE.
1.2.1. 3E Analysis of WtE Strategies
A great deal of published existing work has already tried to explore and evaluate
the WtE technologies, their efficiency, feasibility and carbon mitigation. Few of them
consider the incorporating of WtE in a combination scenario. The combination of
WtE possibly involves some kind of optimization when evaluated.
Tan et al. (2015) performed a comparative study of traditional landfilling and
WtE technologies. They tried to assess the energy, economy, and environment of
different scenarios applied to Malaysia. It considered landfill gas recovery system
(LFGRS), incineration, anaerobic digestion, and gasification individually and in
integrated scenarios LFGRS + incineration, LFGRS + AD, and LFGRS +
gasification. This research made a simple 3E analysis of different scenario, but the
idea to combine and evaluate different WtE technology is of importance. Although
the evaluation of this study is correct and efficient, a life cycle assessment (LCA) of
the scenarios would provide extra and stronger criterion to assess them in this case.
In many other situation, one would hardly deal with single waste stream and
single technologies; the combination of those requires more techniques to simulate
and evaluate the results.
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1.2.2. Multi-criteria Analysis to Evaluate WtE
Developing and developed countries have different regulations, concerns, and
requirements regarding the construction of a power plant, although WtE technologies
are clean and efficient comparing to traditional ones. Yap and Nixon (2015) proposed
a multi-criteria analysis method to evaluate benefits, opportunities, costs, and risks
(BOCR) of five WtE technologies in India and in the UK.
They used an analytic hierarchy process (AHP) to construct the evaluation from
major criteria to sub-criteria. A group of experts completed a survey to rate the
weightings for all criteria. The final hierarchy structure is shown in Figure 6. The
authors obtained general, standard BOCR information of WtE technologies in India
and in the UK. Then the evaluation process follow the steps: firstly, evaluate the four
major criteria preference rankings respectively with their own sub-criteria and
generate the overall preference rankings based on BOCR rankings. The results
demonstrated that generally, it is more preferable to choose gasification in the UK,
whereas, AD in India.
This research developed a new way to assess WtE technologies in multiple
abundant aspects. However, human factor plays an important role in obtaining
weightings, and the results are just a general choice for a different country, the
objective of Yap and Nixon is to propose this novel approach.
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Figure 6: AHP-BOCR Hierarchy Structure with Weightings Obtained from Experts' Opinions

1.2.3. LCA of Segregate Waste to Separate WtE
Arafat et al. (2015) established a novel methodology to assess six waste streams
to five WtE technologies. This decision making method considers not only choosing
waste to its proper technology, but also decides whether it is more preferable to
recycle waste or recover it.
An approach in this work is that authors modeled the energy and emission
inventory for each stream based on chemistry, thermodynamics, and engineering
principles of materials in waste. The ingredient of compound in waste is location
specified. The profit, energy efficiency, and carbon emission are calculated with these
thermodynamic principles if the information of waste is obtained. This methodology
performed LCA to six waste streams and gave out the preferable disposal choice for
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these waste streams. Like Yap and Nixon (2015), this assessment involves a scoring
system to rank the performance of different technologies.
This methodology has its own limitation, like the calculation of output is different
from other existing work. Instead, it is based on chemical principles. Nevertheless,
this methodology can be applied to any cases without a specified location.
1.2.4. An Input-Output Model to Discover 3E Potential
China is the largest developing country in the world; it has over one fifth of
world’s population. Definitely the waste generated in this state is enormous. Under
the rapid urbanization and modernization, it would require more energy and at the
same time environmental protection from pollution.
Song et al. (2016) developed a novel input-output model incorporating waste-toenergy system in current socioeconomic system in a metropolis. The purposed
method of this work is to simulate the results after WtE introduced to a specified case.
Therefore, this model simulated the whole system in a generalized way, including
many outside factors and assigning waste to appointed technologies. The new
socioeconomic system is depicted in Figure 7.
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Figure 7: I-O Framework with WtE Industries Introduced

The flows between these blocks reveal the mechanism to deliver parameters and
formulate the simulation. This work explains the discovery of inner relationship
between components of thee community. But this study only considers more products
like diesel oil from both general industries and energy industries in the process since
the methodology simulates in a specific city context, all possible products that are
useful and can be consumed for other needs. Nevertheless, this is a good reference to
motivate and start a simulation on a smaller scale.
Lots of work has proved that the introduction of WtE today is really an important
method to save energy for many cases, and it is indeed environmentally friendly with
a highly potential application.
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1.3.Study objective
The purpose of this study is to formulate a methodology to transfer an energyinefficient and disadvantaged community into a clean and efficient one considering
the possible application of WtE technologies and at the same time, optimizing the
process of WtE in both economical and environmental aspects. In other word, a
disadvantaged community has waste and a waste land, a reuse of these waste and land
is investigated in this research. This study first forecasts the waste amount generated
in upcoming years as an input for optimization based on the historical data. With the
cost-benefit coefficients associated with different waste materials and technologies,
optimization model can be formed. Here, the researcher doesn’t just consider WtE
since clean energy like solar and wind is included as well. Besides, utilizing the waste
land through constructing parking lot to provide EV charging is of interest as well.
Therefore, an analysis of renewable resource and forecasting of EV charging loads
are also performed before optimization process. The optimization problem is solved
using weighted sum multi-objective optimization method. The results give out the
combination of WtE plants and the distribution plan for waste management every
year, followed by a brief energy, economic and environmental analysis.
The paper is structured as follows: Section 2 describes the modeling methodology
with the case study region description, results of case study are discussed in section 3,
section 4 reaches to conclusion and few ideas on future research.
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2. Modeling Methodology
2.1.Region Description
The region studied in this research is a community chosen from one
neighborhood called El Sereno located in east of the City of Los Angeles. California
Environmental Protection Agency (CalEPA) proposed a community screening tool as
an index map for disadvantaged communities; it makes an overall evaluation of each
community considering its environment, demographics, and waste generation. This
community mainly consists of residential area with approximately 4311 residents, a
small section of light manufacturing industrial area, and commercial shops. The
residents here mostly are low-middle income or even low income families, who
produced nearly 4000 tons of solid waste in 2012 as estimated. The city land use
reports that there are 50 acres of vacant land in this region. This offers a possibility to
install WtE plants in this region to provide energy here or even sell electricity to other
neighborhoods.
2.2.Methodology
2.2.1. System Framework
A new framework of socioeconomic system is designed to imply the mechanism
of new system with WtE and renewable resources introduced for a better
understanding of how it works. As shown in Figure 8, waste flow from a waste
generation block is sent to WtE industries for energy generation, and in turn, the
energy generated satisfies the energy demand of the whole region. The profit of
selling energy to grid can be an investment to energy generation, all of these establish
a close loop of flows inside the new system to realize self-sufficiency on energy level.
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Figure 8 System Framework with WtE and Renewable Resources Introduced

2.2.2. Estimation of Waste Generation
This study focuses on finding the best portfolio of WtE technologies and
waste allocation plan for the concerned community. The primary tasks, of course, are
to forecast the waste generation in a period of time as feedstock for power plant.
However, this community is a grey box in the sense of performing a real-time
simulation because of the lack of information and behavior of components within it.
Wang et al. (2000) proposed an improved step-by-step fuzzy grey modeling method
(GM (1, 1) SSODMM) to forecast the upcoming data given historical data. Based on
the old GM (1, 1) directing modeling method, the author expressed the idea that “the
new method has the monotone consistency, convex consistency, linear transformation
consistency and gradual approaching white exponential law inosculation property” (p.
1). This method could handle a small volume of data and give out a much precise
forecasting model in an exponential manner.
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The preparation of this method is to perform a first-order accumulation of
original data to create a non-decreasing series of data. Then let the initial iteration
step 𝑆 = 0, and initial value 𝑎Q = 0, then the expression of 𝜉Q is given by Equation 1:

𝜉Q = lim 𝜉 𝑎 = lim (

YZ

V→VX Y Z ["

V→VX

"

− )
V

(1)

Then through linear regression, the representation of 𝑎’s white value is as in
Equation 2:
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Through Equation 3 to Equation 8, 𝑥 𝑘 is the 𝑘ef data in a new series. For
𝑒 [VXhi H , 𝑥 𝑘 , 𝑘 ∈ 𝐾, do linear regression analysis and get the exponential
forecasting model 𝑀Q]" in Equation 9
𝑥Q]" 𝑡 = 𝑐Q]" 𝑒 [VXhi e + 𝑏Q]"

(9)

where
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Repeating the iteration for 𝑠 = 𝑠 + 1 until the precision of model is satisfied.
The accuracy of this model is tested by small error probability p and posterior error
ratio c, a classification of level is given in Table 3. When c<0.35 and p>0.95, the
process would stop the iteration and accepted the model since accuracy of the model
reaches level I. The future data could be estimated based on the model. This method
requires the pre-treatment of first-order cumulative sum of raw data to create a nonedecreasing series for modeling.
Table 3: Accuracy Level of Grey Model

Accuracy Level

Index

Level I
Level II
Level III
Level IV

Posterior error ratio c

Small error probability p

0.35
0.5
0.65
0.8

0.95
0.8
0.7
0.6
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2.2.3. Modeling of EV Charging Load
Reusing of the waste land in community is not merely a construction of power
plants; maybe a parking lot is of interest to satisfy the demand of car parking in this
region. Besides, it can provide charging of EVs to make profit. The EV stations are
also one part of the smart city project as mentioned before; here the EV load is an
energy consumption constraint in optimization. A simple modeling of EV charging
load is inspired by a method proposed by Ahourai et al. (2013). In this method, the
EVs are arranged into two major classifications based on several key characteristics,
as shown in Table.4:
Table 4: Classification of EVs
Types
Type 1
Type 2

EV Battery
Miles
Size
Classification
25kWh
75 miles
40kWh
140 miles

State of
Charge
20%
25%

Charging
Amp.
30A
30A

Charging
Volt.
240V
240V

Furthermore, Ahourai et al. (2013) state that given the community is mainly
residential area, the arrival and departure of EVs is simply modeled as normal
distribution centered in the morning and early evening as shown in Figure 9. Surely,
the effect of EVs from workers working in this area is also considered as well. To
simplify this problem, there isn’t any charging strategies considered; in other words,
the vehicles would get full volts and amps as soon as EVs get connected.
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Figure 9: Departure and Arrival Time Profile for EVs

2.2.4. Optimization Formulation
A multi-objective optimization programming is formed in this section. In the
new framework, the goal is to produce as much energy as possible to satisfy the
energy consumption of this region and whilst produce less environmental pollutants.
We try to solve this problem in an economic way, that’s to say, make profit from this
system. Other renewable resources (solar in this case) are also considered as extra
energy generations. Obviously, each waste stream has its cost-benefit facts associated
with the difference of WtE technologies, numbers are calculated and presented in
Table. 5.

Table 5: Cost and Benefit Summary of Waste to Energy
Estimate outputpaper waste

Incineration

Pyrolysis/Gasification

Anaerobic Digestion

1018kWh/t

1157kWh/t

694kWh/t
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Estimate outputplastic waste
Estimate outputOrganic waste
Capital cost
O&M cost
Gate fee
CO2e emission

1990kWh/t

2261kWh/t

477kWh/t

543kWh/t

325kWh/t

660$/tpa
66$/tpa/year
100$/t
0.22g/kWh

730$/tpa
80$/tpa/year
100$/t
0.11g/kWh

380$/tpa
14$$/tpa/year
60$/t
0

The decision variables of this problem are then the amount of waste for different
streams to different technologies in each year, the size of the power plant, and the
scale of the solar PV panels. Therefore, the multi-objective problem is to
simultaneously maximize the net profit(𝑓" ) and minimize the carbon emission(𝑓c ); in
other words,
Maximize {𝑓" , -𝑓c }

(12)

s.t. 𝜒 ∈ 𝑃
where 𝜒 is the set of decision variables, and P is the feasible region of this problem.
The 𝑓" and 𝑓c are defined as below:
𝑓" ~
/ 𝐺/

8 (𝑥8/

8

0
/ 𝑝(𝑂/ 𝑥8/

5

+ 𝑂/ 𝑦8/ + 𝑂/6 𝑧8/ + 𝑉 + 𝑊) −

+ 𝑦8/ + 𝑧8/ )
𝑓c ~

/ 𝐶/

−

8

/ 𝑀8/

−
(13)

/ 𝐸/

0
8 (𝑂/ 𝑥8/

5

+ 𝑂/ 𝑦8/ + 𝑂/6 𝑧8/ )

(14)

Equation 13 consists of the electricity selling, capital cost, O&M cost, and gate fee
through year one to ten. Equation 14 calculates the carbon dioxide equivalent emitted
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in the simulation years as the second objective. It is clear that this problem is
constrained by the following:
(1)Energy requirement:

8

0
/ (𝑂/ 𝑥8/

5

+ 𝑂/ 𝑦8/ + 𝑂/6 𝑧8/ + 𝑉 + 𝑊) ≥ 𝐶𝑜𝑚8

(15)
(2)Land use constraint:

|
Hb" 𝑙H

(3)System input constraint:

≤𝐿

/ 𝑥8/

= 𝑋8

(16)
(17)

/ 𝑦8/

=𝑌

(18)

/ 𝑧8/

= 𝑍8

(19)

(4)Plant capacity constraint: 𝑥8/ + 𝑦8/ + 𝑧8/ ≤ 𝑆/
(20)
Solving this problem using the weighted sum method will transfer it into a singleobjective LP,

maximize 𝜔" 𝑓" + 𝜔c (−𝑓c ) where 𝜔" + 𝜔c = 1

(21)

s.t. 𝜒 ∈ 𝑃
here the weights of each objective can be considered as interests on each target.
However, since the units of 𝑓" and 𝑓c are not synchronized, it is not proper to directly
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combine them into a single objective function. Thus, before the operation and
planning, it is reasonable to normalize the two objectives into unit scale. That’s to
say, finding out the maximum and minimum values of the two objectives and scale
them into interval 0, 1 , then the preparation for programming is set up. If to care
more about the profit, a larger weight for 𝑓" is preferable, and vise versa. Therefore,
an optimization problem is formed and solved in a linear programming manner.
3. Results and Discussion
In this section, the methodology is applied to the interested community
described in former section to perform a case study. The weights for profit and carbon
emission are set to be 𝜔" = 0.7 and 𝜔c = 0.3.
3.1.Solar Energy
The city of Los Angeles receives adequate solar radiation according to the
solar map; therefore, solar energy is feasible there while wind power is not since
insufficient wind speed. The average solar radiation data in each month in east Los
Angeles is given in Table 6, and the estimated unit electricity generation each month
is calculated and shown in Figure 10. Definitely, the solar energy output would reach
a peak during summer, while it remains at a high level during the rest time of a year.
Table 6: Average Solar Radiation Data in L.A.
EAST
Clear
Day

Global
Diffuse

Jan
570
300

Feb
690
380

Mar
850
480

Apr
1000
570

May
940
610

Jun
930
620

Global

740

910

1130

1290

1370

1390
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Table 6: continue
EAST
Clear
Day

Global
Diffuse

Jul
1050
620

Aug
980
570

Sep
840
500

Oct
720
420

Nov
610
320

Dec
530
280

Year
810
470

Global

1370

1300

1160

960

770

680

1090

9

10

5

Estimated PV Generation Each Month(kWh/m2)

8.5
8

Electricity(kWh/m2)

7.5
7
6.5
6
5.5
5
4.5
4
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Month

Figure 10: Estimated Unit Electricity Generation from PV (kWh/m2)

3.2.EV Charging Load
Energy consumed in EV charging is also a part of energy constraint in
optimization at this point as discussed in previous section. Due to the of lack of
detailed information, the estimation of EV quantity in this region is based on the
proportion of EV throughout L.A. Therefore, charging profiles in one day and in ten
years are given in Figure 11 and 12. It can be obtained from Figure 11 that there are
two peak loads during one day. The implication of this is that the first peak appears
around 9am because of the arrival of workers in this region, and the second peak is
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the result when people who live here return home at the end of day. In a ten-year run,
energy consumption to this part doesn’t fluctuate significantly since evolution of EV
is not addressed as well as other related issues.

Chargeing Stations Load(kWh)

140

120

Electricity(kWh)

100

80

60

40

20

0
0am

4am

8am

12pm

4pm

8pm

12am

Time

Figure 11: EV Charging Profile in One Day
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Figure 12: EV Charging Energy Consumption in Ten Years

3.3.Forecasting of Waste Generation
Right before the optimization process, a forecasting of waste generated in the
upcoming ten years is shown in Figure 13. It can be foreseen that a slight decreasing
trend is presented in total solid waste generated here based on the historical records.
This may result from the fact that people utilize resources more efficiently, and hence
less waste is generated in daily life. Figure 14 plots classified waste streams
generated, displaying a decreasing tendency. Obviously, organic waste occupies the
largest proportion of municipal solid waste since food waste is one of the primary
sources of organic waste, and it remains a critical issue for both poor and prosperous
area as reported. Therefore, with this prediction of waste, the optimization model can
be applied.

12000

Yearly MSW Generation Real vs. Simulation
Real
Simulated

Solid Waste Generation(t)

10000

8000

6000

4000

2000

0
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Year

Figure 13: Simulated Waste Generation vs.Real Data
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Forecast of Generation for Major Waste Streams
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Plastic
Organic
Other
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2014
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2016

2017

2018

2019

2020

2021

2022
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Figure 14: Forecasting Generation of Waste Streams

3.4.Optimization Results
Optimization results reveal that installations of pyrolysis and anaerobic
digestion is the best combination of WtE choices for this community, in addition to
PV panels. Moreover, the optimization model indicates that the optimal capacity of
pyrolysis plant is disposing 325 tons per annum(tpa), 2100 tpa for AD plant. The size
of pyrolysis in this case is relatively small because it is only designed to treat solid
waste generated in this region. In future work or a real situation, a WtE plant may
play a role as a waste disposal center for nearby regions. In addition, the assignment
plan for this WtE system is provided in Figure 15 and 16. As shown in Figure 15 and
16, all of paper waste is sent to pyrolysis plant every year, while all organic waste is
preferred to be sent to AD plant. However, plastic paper is partially distributed to
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pyrolysis plant each year with increasing amount; the remaining part is sent to AD
plant.

Waste Stream Assignment Plan for Pyrolysis Plant
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Figure 15: Waste Assignment Plan for Pyrolysis Plant

2022
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Waste Stream Assignment Plan for AD Plant
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Figure 16: Waste Assignment Plan for AD Plant

According to the optimal distribution scenario, the estimated output electricity
can be calculated regarding the information in Table 4. The annual energy generated
from separate waste streams in pyrolysis and AD plant is provided in Figure 17 and
18 respectively. Due to the fact that solid waste is in a decreasing trend, the output for
both plants are showing different degrees of decline.
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Figure 17: Estimated Energy Generation in Pyrolysis Plant
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Figure 18: Estimated Energy Generation in AD Plant

An economic and environmental analysis is necessary after the
acknowledgement of this problem. A rough estimation of accumulated profit of this
system is computed for a better understanding of the economic assessment. We don’t
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address the problem of price fluctuation. Using the average electricity price of
$0.21/kWh in USA, and an annual rate of 6% when considering the time value of
money, the results are shown in Figure 19. Besides, the carbon emission during ten
years is given in Figure 20. As a conclusion, the estimated payback time of this
system is at eighth year, and at the end of the whole simulation, approximately $8.3m
of profit can be obtained. At the same time, the equivalent carbon emitted from WtE
plants will be decreased from 80kg to 60kg a year. It is all contributed from pyrolysis
plant since AD has capability of gaining net positive carbon emission which is
regarded as zero.

1
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Cumulate Profit for System
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Figure 19: Accumulated Profit during Ten Years
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Figure 20: CO2 Equivalent Emission during Ten Years

Further analysis of the optimization model for this case indicates that when
0.68989 ≤ 𝜔" ≤ 1, the optimal solution remains the same. While 0 < 𝜔" <
0.68989, the model yields an alternative distribution plan, but still, pyrolysis and AD
are preferred for this community. For instance, 𝜔" = 0.3, 𝜔c = 0.7, the alternative
results are depicted in Figure 21 and 22. Paper and organic waste are only distributed
to AD plant, while plastic waste are all sent to pyrolysis plant for power generation.
Consequently, the estimated profit gained is still around $8.3 million. As a
comparative comprehension, Table 7 lists the annual cumulative profit of this system
under two portfolios, it can be easily obtained that profit curves nearly follow same
pattern, and both portfolios would finish with a payback time at 8th year. On the other
hand, the carbon emission mitigation is much higher than it was since weights are
inclined to carbon emission. During previous years, carbon emission still stays at high
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level, but would end up with much fewer emission at the tail years comparing to
former results, because the power generation is mainly shifted to AD plant which
could complete nearly no emission.

Waste Stream Assignment Plan for Pyrolysis Plant
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Figure 21: Waste Assignment Plan for Pyrolysis Plant (𝜔" = 0.3)

Waste Stream Assignment Plan for AD Plant
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Figure 22: Waste Assignment Plan for AD Plant (𝜔" = 0.3)
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Table 7: Cumulative Profit for Two Portfolios in Ten Years(Unit: 10• USD)
Year
Portfolio1(𝜔" =
0)
Portfolio1(𝜔" =
0.3)
Portfolio2(𝜔" =
0.7)

1

2

3

4

5

6

7

8

9

10

-9396.72

-8035.06

-6603.71

-5097.64

-3511.57

-1839.97

-77.04

1783.33

3747.60

5822.52

-12973.41

-11089.45

-9104.45

-7011.52

-4803.38

-2472.38

-10.49

2590.78

5340.40

8247.79

-12973.41

-11087.92

-9099.89

-7002.42

-4788.25

-2449.72

21.21

2633.06

5394.79

8315.88
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Figure 23: CO2 Equivalent Emission during Ten Years (𝜔" = 0.3)

From these results of this given case study, we could see that the profit wouldn’t
improved significantly as stakeholders’ interests changing during process, while the
optimal portfolios are just trade-offs on carbon dioxide emission. Therefore, for this
case, a low carbon emission portfolio is ideal while profit would stay at a rational
level.
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Besides, when 𝜔" instantly decrease to 0, which means the profit is not of
interest, the programming process yields a third results. But in this solution, all the
other decision variables stay the same as the former solution, the only difference
occurs at the size of solar energy, which is much smaller than before, this may
resulted from that since 𝜔" = 0, then the energy generated only have to meet the
energy consumption as least as possible. Therefore, the carbon footprint almost stays
the same, while profit curve is reduced to $5.8m as shown in Table 7.

4. Summary and Future Work
4.1.Summary
The problem of transferring a disadvantaged community into a clean and efficient
one with application of WtE technologies in this region is presented and solved using
a multi-objective optimization method. It successfully disposes the recoverable waste
which is not treated properly before, and it fully re-utilizes the waste land to valid
purposes; therefore, a community becomes more environmentally friendly and energy
efficient. This methodology handles the basic information about a given community,
and forecasts the solid waste generation in the following years in simulation period.
An optimal decision making plan for waste sent to different plants for energy
recovery is proposed after simulation. This methodology can be theoretically applied
to various cases without a specified location, as long as the required input signals are
available to setup simulation. In this research, a case study of a real community is
performed to illustrate application of this methodology. It can be obtained that
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multiple results can be generated with different stakeholders’ interests in different
situations.
4.2.Future Work
Nevertheless, there are still some limitations in the methodology, and issues that
remain unaddressed. This provides some possible insights on future work to perfect
this method. The fact is that degree of accuracy for data is at year level time
frequency; as a results, the optimization process can only be planned on annual scale,
which results in the limited information to forecast the waste generation. The future
work may involve an extension of this simulation to a day-ahead or even real-time
planning for waste distribution in the process; however, a highly precise simulation of
waste generation requires massive inputs. The individuals’ behaviors and states in the
system all make the effects on final results. This type of planning is much more
reasonable as taking into account a real-time energy price and immediate building
energy demand, where inflation, fluctuation, change of interests, and some other
economic factors can be included for a long time run analysis that would lower the
risks of the whole project.
Besides, there are plenty of challenges in practical application of WtE
technologies in different context. Right now, there are 77 incineration plants
operating in the USA, approximately 20 pyrolysis/gasification facilities in operation,
under construction, or in planning. Thirty-nine anaerobic digestion facilities are in
operation, 25 of which are in California. WtE is still a newly emerged field that is
facing lots of practical issues. Therefore, the application of WtE has not been widely
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accepted, especially, in developing countries. Stakeholders that are trying to
investigate clean energy community need to concern more in real situation.
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