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Abstract. This study uses Aspen Plus to simulate the gasification process in 

downdraft gasifier according to the characteristics of waste in Indonesia, using a 

combination of air and oxygen with equivalence ratios (ER) 0.23, 0.30 and 0.40. 

From the simulation results, it was obtained that the highest value of combustible 

gas was obtained from the simulation of ER 0.23 with a composition of CO 

16.59%, CH4 1.53 and H2 12.92%. Performance analysis was carried out such 

as combustible gas composition, syngas lower heating value, cold gas efficiency, 

carbon conversion rate, and syngas production rate. The economic review 

concluded that with a total investment of 22.92 million USD for waste 

gasification of 345.6 tons/day which produces electricity of 5 MW, capacity 

factor (CF) of 80% and electricity tariff of 13.35 cUSD/kWh; The results of the 

financial analysis were obtained from the IRR Project 11.41%, IRR Equity 

10.23%, Payback Period 7.82 years and DSCR 1.29. If the revenue is added with 

the carbon credit of 2 USD/tonCO2e or the tipping fee income of 15 USD/ton, it 

will result in an IRR Project of 10.67% or 13.53% respectively. The potential 

reduction of carbon emissions from waste gasification into electricity is 

63,898.77 tons of CO2e/year. 

Keywords: Waste to Energy, Gasification, Aspen Plus Simulation, Techno-

economic Analysis, Carbon Emission Reduction. 

1 Introduction 

Waste generation in Indonesia based on data input carried out by 317 regencies/cities 

throughout Indonesia in 2024 has reached 34,221,607.36 tons/year [1]. Waste 

management by piling waste in landfills will cause new problems, namely the potential 

release of methane gas (CH4) emissions stored in landfills. Reducing greenhouse gas 

(GHG) emissions from municipal solid waste (MSW) treatment can be a very cost-

effective way in terms of mitigation [2]).  Therefore, it is necessary to carry out more 

effective waste management methods to reduce the adverse impact on the environment. 

Waste generation if not managed properly will result in serious problems for the 
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environment both on the surface and groundwater; and public health [3]. Processing 
waste into energy has an important role in overcoming environmental problems and can 
produce clean energy as a substitute for fossil fuels [4]. In the RUPTL 2025-2034, PLN 
has included a total plan to develop waste into electrical energy of 400 MW[5]. 

1.1 Simulation of the municipal waste gasification process 

Waste gasification is a process that converts municipal solid waste, into carbon 
monoxide, hydrogen and methane by reacting raw materials with a controlled 
amount of oxygen and/or steam at high temperatures. The resulting gas mixture is 
called synthesis gas or syngas and is itself a fuel. Gasification is a method of 
extracting energy from different types of organic matter. The advantage of 
gasification is that the use of syngas is potentially more efficient than direct 
combustion of the original fuel because it can be burned at higher temperatures [6]. 
Downdraft gasifiers are often chosen because of a number of important advantages 
in municipal solid waste treatment due to their high carbon conversion efficiency 
which means more energy can be extracted from the raw material and low tar 
production which makes the gases from the gasification cleaner and suitable for 
direct power generation applications [7]. In this study, it refers to the previous 
research model where a kinetic model for a downdraft gasifier is assembled and 
incorporated into a flowsheet using Aspen Plus with the aim of performing detailed 
process analysis. The model is organised according to the assumption that in a 
downdraft gasifier pyrolysis, oxidation and reduction occur almost as separate 
consecutive processes, with the pyrolysis considered as an instantaneously 
occurring process while oxidation and reduction are governed by chemical 
kinetics[8]. The staged downdraft gasification framework and the key chemical 
reaction pathways implemented in this work are illustrated in Fig. 1. 
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Fig. 1. Schematic of waste gasification simulation in downdraft gasifier with chemical reaction 
details 

1.2 Economic analysis of municipal waste gasification 

The basis for calculating the economic study uses technical parameters such as the 
capacity of the power plant, the amount of waste processed, the number of days of 
operation, the efficiency of energy conversion or the efficiency of the plant, the factor 
of capacity and the annual amount of energy distributed, the life of the project, the cost 
of capital and the operation and maintenance of the plant. To analyse the economic 
feasibility of the project, several key parameters are used as follows: 
1) Net Present Value (NPV), 
2) Internal Rate of Return (IRR),  
3) Payback Period (PP), 
4) Debt Service Coverage Ratio (DSCR),  
5) Weighted Average Cost of Capital (WACC)  
Furthermore, the calculation of carbon emission reduction as potential credit carbon 
income is carried out. Baseline emissions calculated based on 2019 Refinement to the 
2006 IPCC Guidelines for National  Greenhouse Gas Inventories [9]. Meanwhile, 
project emissions are calculated based on the Carbon Emission Calculation Method 
[10] which refers to the CDM Methodology Booklet [11]. 
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2 Process Description and Simulation 

The simulation of the waste gasification process in the downdraft gasifier was modelled 
using Aspen Plus software, where the waste was defined as nonconventional fuel 
because it was not in the conventional database. 

2.1 Input for Simulation 

The waste data used for the Simulation process uses waste data in Surakarta city with 
proximate analysis and ultimate analysis as follows: 

Table 1. Municipal waste data in Surakarta city [12] 

 Ultimate Analysis Proximate Analysis 
Moisture 10.700  Ash 14.398 

FC 13.565  Carbon 43.483 
VM 61.323  Hydrogen 6.183 
Ash 14.412  Nitrogen 1.245 
     Chlorine 0.089 

   Sulfur 0.141 
   Oxygen 34.461 

By using the above waste inputs, if using full air as a gasification agent, a 
stoichiometric air calculation of 111,498.60 kg/hr is obtained, while if full oxygen is 
used, a stoichiometric oxygen calculation of 25,872.41 kg/hr is obtained. Based on 
schematic data from Surakarta gasification WTE [12], the mass flow rate of the waste 
to be put into the gasifier is 14400 kg/hr with a combination gasification agent consist 
of the Air 20752 kg/hr and Oxygen 1152 kg/hr, which is from calculation equal to 
Equivalence Ratio (ER) 0.23. Equivalence ratio (ER) is an important design parameter 
for a gasifier. It is the ratio of the actual air-fuel ratio and the stoichiometric air-fuel 
ratio[13]. 

2.2 Gasification Process Simulation 

The process stages in a gasification reactor start from the process of drying, pyrolysis, 
oxidation and reduction to produce syngas. 
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Fig. 2. Simulation of the waste gasification process in Aspen Plus 

This schematic represents the simulation flow of municipal solid waste (MSW) gas-
ification in a downdraft gasifier using Aspen Plus, which is divided into four main 
zones: Drying, Pyrolysis, Oxidation, and Reduction (see Fig. 2). Each block represents 
a unit operation simulating the respective chemical and thermal processes. In this study, 
the aspen plus model and kinetic reaction used earlier were developed by [8] [14]. De-
scription of the reactor block used as shown in the following table: 



 

(2) 

RPLUG 

Computes the kinetics of the oxidation zone 
CO + 0.5O₂ → CO₂ 

CH4 + 1.5O₂ → CO + 2H2O 

 
 

(3) 
(4) 
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Table 2. Aspen plus reactor block used in the simulation  

Reactor 
Block Description 

RSTOIC 
Simulating the drying process with the help of drying 
calculator Fortran based. 

(Waste+ H₂O(l) → Waste + H₂O(g)) 

 
 

(1) 

RYIELD 

Simulating the pyrolisis proses, converting waste into gaseous, 
solid and liquid components with the help of decomposition 
calculator Fortran based. 

(Waste ⇌ H₂ + CO + CO₂ + CH₄ + H₂O(g) + Tar + Char) 

 
 
 
 

Simulating reactions between conventional components through  
RGIBBS Gibbs free energy minimisation 

H₂ + 0.5O₂ → H₂O (5) 
C6H6 + 4.5O₂ → 6CO + 3H₂O (6) 
C10H8 + 7O₂ → 10CO + 4H₂O (7) 

Computes the kinetics of the reduction zone  
Char +CO₂ → 2CO  

Char + H₂O → CO + H₂ (8) 
Char + 2H₂ → CH₄ (9) 

CH4 + H₂O → CO +3 H₂ (10) 
CO + H₂O → CO₂ + H₂ (11) 

(12) 

 The products of this process consist of Syngas (CO, H₂, CH₄, etc.) which is 
ejected from the bottom of the reactor and can be purified or directly used as fuel 
and Ash the remaining solids from the reaction process are removed from the 
reactor base. 
Next, a gasification performance analysis was carried out by calculating the values 
of cold gas efficiency (CGE), carbon conversion rate (CCR) and syngas production 
rate (SPR). 

CGE measures how effectively a gasification system converts input fuel into 
energy in the form of syngas 

𝐶𝐺𝐸 =
𝑣̇!"#$%!	 ×	𝐿𝐻𝑉!"#$%!
𝑚̇'%!()	 ×	𝐿𝐻𝑉'%!()

 (13) 

CCR measures how much carbon fraction of the input fuel is successfully converted 
into gasification products such as CO, CO₂, CH₄, and other hydrocarbons. 
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𝐶𝐶𝑅 =
𝑚!"#$%!		(𝑌𝐶𝑂*

12
44 + 𝑌𝐶𝑂

12
28 + 𝑌𝐶𝐻+

12
16

𝑚'%!() . 𝑌𝐶
𝑥100% (14) 

SPR Measures the rate of synthesis gas (syngas) formation compared to the input 
fuel in the gasification process 

𝑆𝑃𝑅 =
syngas	flow	rate	(𝑁𝑚

!

ℎ )

waste	feeding	rate	(kgh )
 (15) 

3 Result and discussion 

3.1 Simulation Results and Validation 

From the waste gasification process in Aspen Plus, the simulation results were obtained 
with the composition of H2 13.61%, CO 16.59%, CO2 21.71%, CH4 1.58%, C6H6 0.16% 
and N2 46.34%. LHV calculated 4.36 MJ/m3 from volumetric heating value of product 
gas from gasification[15]  

The results of the above simulation were validated using data from the Syngas Sam-
pling and Analysis Report of the Putri Cempo Gasification WTE Power Plant, Sura-
karta City. Where is the data taken on October 18, 2022, the results of the analysis show 
that the average content of CO, CO2, CH4, CnHm, H2, O2, N2 and LHV, respectively is 
around 12.56%, 17.06%, 3.10%, 0.18%, 12.52%, 0.00%, 54.58%, and 3.92 
MJ/m3.  Meanwhile, the data taken on October 20, 2022, shows that the average content 
of CO, CO2, CH4, CnHm, H2, O2, N2 and LHV, is around 13.65%, 14.84%, 3.01%, 
0.21%, 10.95%, 0.00%, 57.33%, and 3.89 MJ/m3, respectively (Fig. 3). 

Table. 3 shows the comparison between the simulation results at ER 0.23 and actual 
syngas composition from two commissioning tests of the Surakarta WTE plant. The 

Table 3. Syngas composition simulation vs commissioning data 

Comp. Simulation 
01-Jun-25 

Comms.1 
18-Oct-22 Deviation Comms.2 

20-Oct-22 Deviation

CO 16.59 12.56 32.05% 13.65 21.51% 
CO2 21.71 17.06 27.28% 14.84 46.32% 
CH4 1.58 3.1 49.02% 3.01 47.49% 

CNHM 0.1649 0.18 8.37% 0.21 21.46% 
H2 13.61 12.52 8.71% 10.95 24.30% 
O2 0 0 0% 0 0% 
N2 46.34 54.58 15.09% 57.34 19.18% 

LHV 
(MJ/m3) 4.36 3.92 11.29% 3.89 12.14% 
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simulation closely matches the measured values for CO and H₂, while a slight 
overestimation is observed for CH₄ and CO₂. The simulation predicted lower values of 
CH₄ than the actual plant data. This difference is likely due to tar cracking and CH₄ 
oxidation occurring in the real gasifier, which are not fully captured in the simulation 
model. Additionally, the simulation assumes idealized reaction conditions, while real 
plant variability in feedstock and operating dynamics may lead to increase methane 
formation in real samples. The nitrogen (N₂) content in the simulation is lower than in 
the actual data, likely due to idealized air input assumptions. Despite minor deviations, 
the overall trend confirms that the simulation model accurately represents the syngas 
characteristics under practical operating conditions. 
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Fig. 3. Comparison of simulation model with WTE gasification commissioning data 

Although the simulation results show a deviation; however, the syngas composition 
trends align with the observed data. This simulation will also be analyzed for sensitivity 
to determine the parameters that affect the results of syngas. Sensitivity will be carried 
out by varying the number of gasification agents entering the oxidation stage, so that 
the target syngas parameters can be known. The gasification simulation model was fol-
lowed by varying the flow rate of air mass and oxygen into the gasifier for ER 0.3 and 
ER 0.4, as summarized in Fig. 4. 
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Fig. 4. Comparison of simulation model ER 0.23, 0.30 and 0.40 with WTE gasification 
commissioning data 

Simulation at ER 0.23 shows the closest match to both commissioning datasets, 
especially in CO and H₂ content, indicating optimal partial oxidation. Higher ER 
(especially 0.4) results in increased CO₂ and N₂, due to more complete combustion and 
nitrogen dilution from air input. CH₄ and CNHM components are slightly overestimated 
or underestimated in simulation, but trends remain consistent with measured values. 
The LHV from ER 0.23 also aligns best with measured data, confirming it yields the 
most energy-rich syngas among the simulations. 

3.2 Performance Analysis of Gasification Process Simulation 

From the simulation results of ER 0.23, the values of CCE, CCR and SPR were 
calculated as follows: 82.22%, 79.76%, 3.68. Simulation results of ER 0.30 the values 
of CCE, CCR and SPR were calculated as follows 69.55%, 79.75% 4.05, and for 
simulation results of ER 0.40 the values of CCE, CCR and SPR were calculated as 
follows 41.78%, 79.77%, 4.47 (Fig. 5). 
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Fig. 5. CGE, CCR, and SPR values from the simulation of the gasification process 

Graph illustrates the simulation results of gasification performance at three equivalence 
ratios (ER 0.23, 0.30, and 0.40). The Cold Gas Efficiency (CGE) is highest at ER 0.23, 
indicating the most effective energy conversion from waste to syngas. The Carbon 
Conversion Rate (CCR) remains relatively constant around 80% across all ER values, 
showing stable carbon utilization. Meanwhile, the Syngas Production Rate (SPR) 
increases with higher ER, but this comes at the cost of lower energy efficiency due to 
higher nitrogen and carbon dioxide dilution. Thus, ER 0.23 offers the best balance 
between energy efficiency and syngas quality. 

3.3 Economic Analysis of Gasification WTE 

The estimated cost of a gasification WTE project includes Engineering, Procurement, 
and Construction (EPC) costs, Non-EPC costs and Operating and Maintenance costs 
(O&M costs). 

Table 4. Total Project cost estimation and operating & maintenance costs [12] 

EPC and Non EPC Cost 
Value Unit 

  
Parameter 
EPC Cost 

1) Gasifier dan Gas Engine 6 Million USD 
2) BOP 1.5 Million USD 
3) Waste Pretreatment System 3.82 Million USD 
4) 20kV MV Distribution Grid 0.51  
5) EPC Cost 6 Million USD 
6) Contingency (5%) 0.86 Million USD 



Total Project Cost 
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EPC and Non EPC Cost 
Par meter a Value Unit 
EPC Cost   

7) Tax  1.8 Million USD 

20.51 Million USD Total Cost EPC Pembangkit & JTM 20 kV 

Non EPC Cost   
1) Development costs 1 Million USD 
2) Initial working capital 0.1 Million USD 
3) Financing Costs 0.1 Million USD 
4) IDC 1.21 Million USD 

1.41 Million USD 
22.92 Million USD 

Total Non-EPC Cost 

1.49 Million USD Fix O&M Cost 
0.26 Million USD Variable O&M Cost 

The total Engineering, Procurement, and Construction cost is USD 20.51 million, 
which includes key components such as the gasifier, gas engine, balance of plant 
(BOP), waste pretreatment system, and 20kV medium-voltage grid. Additionally, non-
EPC costs, including development, initial capital, financing, and interest during 
construction (IDC)—amount to USD 1.41 million. This brings the total capital 
investment to USD 22.92 million. The assumptions to calculate the economic feasibility 
of the gasification power plant used are as follows: 

Table 5. Economic assumptions of gasification WTE projects 

Project Economic Assumptions  
Parameter Value Unit Reference 
Powerplant Capacity (Net) 5 MW WTE Surakarta 
Capacity Factor 80 % CF Gasification 
Interest Rate p.a 7 % MEMR Investment Guidance
Debt to Equity Ratio 70:30  MEMR I.G 
Electricity Tariff 0.1335 USD/kWh Pres.Reg 35/2018 
Fix O&M Cost 0.0425 USD/kWh WTE Surakarta 
Variable O&M Cost 0.0074 USD/kWh WTE Surakarta 
Tipping Fee  0 USD/ton WTE Surakarta 
Construction Period  2 years  MEMR I.G 
Repayment Period 10 years MEMR I.G 
Contract Duration 20 years MEMR I.G 
WACC 7.28  % Calculated 
Corporate Income Tax  25 % Tax Law 



 

 

Total Project Cost 
(Base: 22.92 
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 The annual fixed variable O&M cost is reflecting the recurring expenses required 
to operate and maintain the facility efficiently. Using project economic assumption and 
considering the feasibility parameter where the project's NPV must be positive, the IRR 
must be greater than WACC, the Debt Service Coverage Ratio is greater than 1.2 x, and 
the payback period assumes less than 8 years, the results of the financial model 
calculation for gasification WTE are feasible. 

Table 6. Summary of the financial calculation model 

Summary of the finan al calculationci model  
NPV Project (million USD) 8,58 Feasible 

IRR on Equity 12,31% Feasible 

IRR on Project 10,67% Feasible 

Payback Period (years) 7,57 Feasible 

DSCR 1,47 Feasible 

 The project shows strong financial feasibility with a Net Present Value (NPV) of 
USD 8.58 million, indicating a positive return above the investment cost. The Internal 
Rate of Return (IRR) on equity is 12.31%, and the IRR on the overall project is 10.67%, 
both exceeding the assumed WACC (7.28%), which confirms the project's profitability. 
The payback period is calculated at 7.57 years, within the acceptable investment 
timeframe (<8 years). Additionally, a Debt Service Coverage Ratio (DSCR) of 1.47 
reflects good capability to meet debt obligations. Overall, these metrics confirm that 
the project is financially viable. While the financial model is technically comprehensive 
in static terms, it does not incorporate dynamic macroeconomic risks such as inflation, 
currency volatility, or potential regulatory changes. Sensitivity analysis was conducted 
to evaluate how changes in key economic parameters affect the financial viability of 
WTE gasification project. The analysis assessed variations in total project cost, capacity 
factor, and electricity tariff, as well as the impact of introducing tipping fee income and 
carbon credit revenue. The financial sensitivity of the model is calculated with the 
following results: 

Table 7. Financial model sensitivity analysis 

Sensitivity Analysis 

Sensitivity IRR Equity IRR Project Payback 
Period DSCR

  11,41% 10,23% 7,82 1,42 

 Up 10% 9,30% 8,98% 8,60 1,29 

Parameter 

Base Case (No TF 
dan CC) 

million USD)  Down 10% 13,81% 11,69% 7,04 1,57 

Capacity  Factor Up 10%  13,66% 11,55% 7,11 1,56 
(Base: 80%) Down 10% 9,01% 8,85% 8,69 1,28 
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Parameter Sensitivity IRR Equity IRR Project Payback 
Period DSCR 

Electricity Tariff Up 10% 13,73% 11,55% 7,11 1,57 
 (Base: 
cUSD/kWh

13.35 
) Down 10% 9,07% 8,85% 8,69 1,28 

Input TF 
(USD/ton) 15,00 18,43% 13,53% 6,22 1,79 

Input CC 
(USD/tonC 2e) O 3,00 12,31% 10,67% 7,57 1,47 

If the project cost increases by 10%, the Capacity Factor decreases by 10% and the 
Electricity Tariff decreases by 10%, then the results of the project's sensitivity become 
unfeasible by using the previous feasibility parameters. 

3.4 Carbon Emission Reduction 

In addition to economic value, gasification WTE projects also have an important 
contribution to reducing greenhouse gas emissions. Municipal waste that is usually 
dumped in landfills produces methane (CH₄) emissions that have 25 times greater 
global warming potential than CO₂. Through the gasification process, methane 
emissions can be significantly controlled. 
 The reduction in carbon emissions is obtained from the difference baseline 
emissions without the presence of Gasification WTE (business as usual) with the 
project emissions produced if the Gasification WTE project is build and operate. 
Emission Baseline Scenario where waste is allowed to decompose in landfills without 
the use of methane gas so that emissions are high.  Meanwhile, Project Scenario 
Emissions are Waste processed through gasification while produces more controlled 
CO₂ and some energy is utilized. 

      Baseline emissions were calculated using the IPCC method [9]. A more detailed 
baseline emission calculation (tier 3) is calculated based on methane gas emissions 
produced since the Putri Cempo Landfill began operations in 1985 by considering the 
first order decay (FOD) parameter, which is the rate of decomposition of organic waste 
directly depending on the amount of waste that remains. The more waste left in landfill, 
the higher the rate of emissions. Since the establishment of the landfill in 1985, CO2e 

emissions of 2,436,535.87 tons have been produced. So, the average emissions 
produced per year are 60,913.40 tons of CO2e/year. If the Gasification WTE plant 
deemed not yet operational in 2025 and the landfill emissions continue until 2045, then 
the total CO2e emissions produced by the landfill are 4,420,774.83 tons, or the average 
emissions produced per year are 72,471.72 tons of CO2e/year (see Fig. 6). 
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Fig. 6. Landfill Emissions from 1985 to 2045 

 Furthermore, will be calculated the Emissions produced if the Gasification WTE 
Project will be build and operate, the project emission are calculated using the Carbon 
Emission Calculation Method published by the Financial Services Authority in 2024 
[10]. which refers to the UNFCCC method. The assumptions and parameters used to 
calculate carbon emissions from the Gasification WTE Power Plant project are as 
follows: 

Table 8. Assumptions and input parameters for Carbon emission calculation from Gasification 
WTE project 

Category Type Value Unit Information 

Diesel 600.0 liters/day Operation of two unloaders and for 
EDG 

LPG Gas 36.0 tons/year Initial heating needs and flare process 

Bioenergy  -   

Refrigerants Refrigerant 1.2 kg/year Annual AC refrigerants leakage: 
10% (IPCC/Defra) 

Electric Vehicle 10.0 unit Total number of employees 70 people 

Hybrid Vehicle 7.0 unit 

Motor 42.0 unit 

Operator Vehicle 3.0 unit Vehicles for Operations 

Mobile Delivery 2.0 unit 

Round Trip 60.0 km 

Electricity Based
Location Electricity from PLN  1.1 Mva Electrical power for waste processing 

needs 1.11 MVa 
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Business trips 
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Category Type Value Unit Information 

Heating, cooling
and T&D 

 , -  No external use 

Fuel Tank Capacity 6,000.0 liter 

Duration 10.0 day 

Waste waste from
Operational Day 260.0  tons/year Daily waste from operations 

Water Water Needs 241.2 m3/day Gas conditioning, absorption chiller, 
cooling tower 

Material Use Total Material Use 1,352.0 ton Materials for construction, operation, 
and maintenance 

Flight and
Accommodation Number of trips  4.0 man/month 

Business Travel Day trip 3.0 day 

Freighting 
Goods During construction 600.0 ton Goods for construction 

Employees 
Commuting Total number of 70.0  people 
Food 

Employees 
Daily operation worker 

Home Office Work from Office 100%  

The above assumption data was processed using the OJK Carbon Emission Calculation 
Method, so that the results of the carbon emission calculation of the Gasification WTE 
project with a total emission of 8,572.95 tons of CO2 were obtained. 

Table 9. Calculation of carbon emissions from the gasification WTE project 

Project WTE Gasification - 2025 GHG Emissions Report 

Emissi n Source Category o tCO2e 

Fuels 799.12

owned or controlled stationary Bioenergy  -

Refrigerants 2.31

Direct emissions arising from Passenger Vehicles  388.54

sources Delivery Vehicles 4.33
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1,194.30Total Scope 1 

Location-based emissions Electricity  5,730.87

from the generation of 
purchased electricity, heat, Heat and steam -

steam, or cooling Electricity for EVs 14.24Sc
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Total Scope 3 1,633.54

8,572.95 Total Emissions 

From the calculation of baseline emissions of 72,471.72 tonCO2e/year and project 
emissions of 8,572.95 tonCO2e/year, a reduction in carbon emissions of 63,898.77 
tonCO2e/year will be obtained if the waste gasification power plant will be used to 
replace the waste disposal method at landfills. 

3.5 Technical vs Economical vs Environmental Insights 

The gasification process was simulated using Aspen Plus based on municipal solid 
waste (MSW) from Surakarta, with Equivalence Ratios (ER) of 0.23, 0.30, and 0.40. 
The technical results showed that ER 0.23 produced the highest quality syngas, with 
CO at 16.59%, H₂ at 13.61%, CH₄ at 1.58%, and an LHV of 4.36 MJ/Nm³—closely 
aligning with actual commissioning data from the Surakarta WTE plant. Performance 
indicators such as Cold Gas Efficiency (CGE) reached 82.22%, Carbon Conversion 
Rate (CCR) stayed around 80%, and Syngas Production Rate (SPR) increased with 
higher ER, though at the cost of energy content. Sensitivity analysis confirmed that 
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lower air and higher oxygen ratios favor CO and H₂ formation, reinforcing ER 0.23 as 
the optimal condition. 

From the economic perspective, the total project cost was estimated at USD 22.92 
million, and the financial model yielded a positive NPV of USD 8.58 million, IRR on 
equity of 12.31%, and a payback period of 7.57 years, indicating financial feasibility. 
However, sensitivity analysis showed that the project’s viability is sensitive to increases 
in capital cost or reductions in tariff and capacity factor. Incorporating tipping fee 
income (USD 15/ton) or carbon credit revenue (USD 2/ton CO₂e) significantly 
improved financial returns. 

Environmentally, the gasification project offers a major benefit by reducing carbon 
emissions by 63,898.77 tons CO₂e/year, compared to baseline landfill emissions. This 
significant reduction is attributed to methane avoidance and more controlled carbon 
release, positioning the project as a viable solution for both clean energy generation and 
climate mitigation. 

This study presents a comprehensive process simulation of a gasification-based 
WTE system. However, several limitations should be acknowledged. First, the Aspen 
Plus simulation relies on literature-based kinetic models and assumes ideal operating 
conditions, which may differ from actual plant performance. Second, the model 
assumes homogenous waste input, while municipal solid waste exhibits significant 
heterogeneity that can affect process efficiency. Third, while the economic model 
includes sensitivity analysis, it assumes static values for tipping fees, carbon credits, 
and tariffs, which are subject to regulatory and market changes. Lastly, the 
environmental impact assessment focuses solely on carbon emissions, without 
evaluating other pollutants or by-products. 
 These limitations provide directions for future research, including pilot-scale 
experimental validation, real-time data acquisition, and broader environmental 
lifecycle assessments. For future research, it is recommended to develop a more 
detailed carbon emission assessment by categorizing emission sources based on the 
project’s life cycle stages. Emissions should be grouped into three primary sources: 
electricity use, diesel fuel consumption, and materials and construction. Electricity-
related emissions (Scope 2) arise from the use of grid power during operations, such as 
in syngas cooling, gas cleaning, and waste pretreatment systems. It is important to 
assume grid emission factors based on national or regional averages to reflect local 
energy mixes. Diesel fuel emissions (Scope 1) originate from on-site machinery, 
transportation of waste, and backup power generators; emission factors should follow 
IPCC or local environmental agency guidelines. Emissions from materials and 
construction activities (Scope 3) include embedded carbon in concrete, steel, and 
equipment used during EPC phases. Justifications for each emission source must be 
supported by activity data, engineering design specifications, or national inventories to 
ensure accuracy and transparency. Incorporating this level of detail will enhance the 
robustness of the environmental impact assessment and enable the project to align more 
closely with international climate reporting standards. 
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4 Conclusion 

The process of gasification of waste into electricity was simulated using Aspen Plus 
software using proximate and ultimate waste analysis data from Surakarta cities in 
Indonesia, using a combination of air and oxygen gasifying agents with equivalent 
ratios (ER) of 0.23, 0.30 and 0.40 From the results of the simulation, it was obtained 
that the highest value of combustible gas was obtained from the gasification simulation 
of ER 0.23 with a CO composition of 16.59% ,  CH4 1.53  and H2 12.92%  and LHV 
4.36 MJ/m3. 
 The highest cold gas efficiency (CGE) gasification performance analysis was 
obtained from the simulation of ER gasification 0.23 with a value of 81.15%, while the 
carbon conversion rate (CCR) was in the range of 79.76%, and the syngas production 
rate (SPR) was 4.20 (Nm3/kgwaste). 
 The economic review concluded that with a total investment of 22.92 million USD 
for waste gasification of 345.6 tons/day which produces electricity of 5 MW, capacity 
factor (CF) of 80% and electricity tariff of 13.35 cUSD/kWh; The results of the 
financial analysis were obtained from the IRR Project 11.41%, IRR Equity 10.23%, 
Payback Period 7.82 years and DSCR 1.29. If the revenue is added with the potential 
carbon credit of 2 USD/tonCO2e, it will result in an IRR Project of 10.67% while the 
tipping fee income of 15 USD/ton will result in an IRR Project of 13.53%. 
 Baseline emissions are calculated using the Intergovernmental Panel on Climate 
Change: 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories, where the calculation of tier 3 emissions produced if waste is dumped in 
landfills is 72,471.72 tonCO2e/year. Meanwhile, Project Emissions are calculated by 
the Carbon Emission Calculation Method published by the Financial Services 
Authority in 2024 which refers to the UNFCCC method. From the results of the 
calculation of scope 1, 2 and 3 emissions, it was obtained that the total emissions 
produced if this waste gasification project were built was 8,572.95 tonCO2e/year. So 
that the potential to reduce carbon emissions of 63,898.77 tonCO2e/year is obtained. 
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