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Abstract  
 
On August 5, 2019, the President of the Republic of Indonesia issued a Presidential Regulation 
(Perpres) concerning the acceleration of the battery-based electric motorized vehicle program 

for road transportation, which targets as many as 20% of electric vehicle users by 2025. The 
vehicle data projection was made until 2025, which is equivalent to 773,617 cars and 3,418,490 
motorcycles. However, fossil energy sources such as coal, oil and natural gas used in 
conventional power plants are increasingly limited, so alternative energy that is more 

sustainable and environmentally friendly is needed. One source of sustainable electrical energy 

is biomass wastes such as rice husks, which are processed into electrical energy and have a 
potential CO2 emission reduction of 142,610.51 tCO2/year. The method used for technical 
analysis is simulating the process of processing biomass waste into electrical energy using the 
gasification process with Aspen Plus software as a tool to obtain optimum operating conditions. 

Biomass with flow 32,906.9 kg/h is fed into the gasification process area and then produces 
1,538 kmol/h of syngas which reacted with airflow 9,779 kmol/h. The parameters used to 
analyze economic feasibility are Capex and Opex costs. The selling target for electric products 
is to supply the electricity needs of electric vehicle users in Surabaya. This research is possible 

to do with the consideration that East Java is the province with the largest rice production in 
Indonesia, Surabaya is a metropolitan city and is the economic center of the province of East 
Java so it is possible to developments related to the infrastructure of electric vehicles and the 
electric vehicle itself. Based on the economic feasibility analysis, the biomass power plant has 
an NPV of Rp.163 million, an IRR is 15.01%, WACC 7.34%, LCOE 4.063 Rupiah/kWh and a 

payback period of 6 years.  
 

Keywords:  Technical analysis, economic analysis, electricity, rice husk, gasification, electric 
vehicles 

Copyright ©2025 Published by JTK-USK 

 

 

1. Introduction 
 

The increase in the electricity demand is in line 
with population growth and industrial 
development. However, fossil energy sources 

such as coal, oil, and natural gas used in 
conventional power plants have become 

gradually depleted; therefore, it is necessary 
to utilize renewable energy resources that are 
more environmentally friendly. One promising 

energy source for electricity generation is 
biomass, such as crop residues and other 
organic wastes.  Here are three methods of 

converting biomass into electrical energy, 
which are gasification, combustion, and 

pyrolysis (Bridgwater, 2012). Among the 
others, gasification technology offers several 

advantages, i.e., having a relatively small 
levelized cost of electricity, which is 14% 
lower than the pyrolysis method, and having a 

relatively high energy conversion efficiency 
that is 5% higher than the combustion process 

(IRENA, 2012).  
 
Gasification is a thermochemical process that 

involves the conversion of carbonaceous 
feedstock into synthetic gas (Curcio, A. et al., 
2025; De and Assadi, 2009). The gasification 

process involves heating a feedstock in an 
environment with a gasifying agent such as 
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water vapor or limited oxygen/air to produce 
a gaseous mixture of hydrogen (H2), 
carbonmonoxide (CO), methane (CH4), and 

carbon dioxide (CO2). Syngas produced from 
the gasification process can be used as a fuel 
to produce electrical energy through power 

generation engines or gas turbines (Basu, 
2010). 

 
Gasification technology uses a reactor 
commonly called a gasifier to perform various 

types of combustion. Biomass in the gasifier 
reacts with air that is entered through two 
types of injection flow. In general, there are 

three categories of biomass contact in 
gasifiers based on the medium of gasification, 

i.e., fixed/moving bed, fluidized bed, and 
entrained bed (Akudo, 2008; Basu, 2010). 
Furthermore, according to its working 

principle, the gasification system can be 
divided into three classifications, i.e., updraft 
gasifier, downdraft gasifier, and crossdraft 

gasifier (Narega et al., 2022). One factor 
affecting the syngas compositions is the 

gasifying agent. A gasifying agent, also known 
as a gasification medium, is a reactant that 
interacts and reacts with the carbonaceous 

solid feedstock to produce syngas (Khan et al, 
2009). Steam is a gasifying agent that is 

considered to be the most effective in the 
gasification process to produce syngas with 
combustible gas compositions such as H2, CO, 

and CH4 with a lower heating value of 43% 
greater than syngas produced involving pure 
O2 and air as gasifying agents (Watson, 2018). 

  
Some previous studies investigated the 

conversion of biomass into electrical energy 
through a gasification process. Cardoso et al. 
(2017) evaluated biomass gasification using a 

biomass source in the form of a forestry 
biomass blend, the power plant can produce 
11 MW of electricity with an NPV value of 

2,367 M€ and an IRR of 8.66% and a payback 
period of 23.1 years. In Greece, Damartzis et 

al. (2012) evaluated the technical aspects of 
the biomass gasification process integrated 
with an internal combustion engine (ICE) by 

using the Aspen Plus simulation software. 
They concluded the potential of converting 
1kg/h of biomass into 5 kW of electrical 

energy.  Salisu et al. (2021), evaluated both 
technical and economic aspects of biomass 

gasification to produce electrical energy on a 
small scale, to supply electricity for a rice 
milling process. With their final result of 215 

kW of electrical energy production, they 
suggested a net present value of $1.68 million 

for a 15-year plant lifetime, with a payback 
period of 6 years and an internal rate of return 
of 24%. 

  

In other research, large-scale electrical energy 
production has been carried out, Park et al. 
(2020) evaluated biomass gasification with 

the final product being syngas from rice husks 
with a capacity of 20 tons per day using air as 
a gasifying agent, producing a gas product 

with a composition of H2 of 2.7%, CO of 19%, 
CH4 of 6.85% and CO2 of 16.1% with an LHV 

value of 1236.6 kcal/Nm3, then it will be used 
to operate a gas engine with a capacity of 400 
kWe (Zhai et al., 2015). 

 
You et al. (2017) evaluated medium-scale 
electrical energy production from Oil Palm 

Frond (OPF), Palm Kernel Shell (PKS), and 
Empty Fruit Bunch (EFB) to supply electrical 

energy to 300 – 500 homes with the final 
result being able to meet electrical energy 
needs of 1.8 kWh per house. Muhyiddin 

(2014), conducted research related to 
processing domestic waste biomass into 
electrical energy on a large-scale using 

gasification. In this research, the results 
obtained were that the biomass power plant 

could produce 124 MW of electrical energy and 
had an IRR of 47.63% with a payback period 
of 3 years. 

  
Based on the findings presented in the 

literature and to the best of our knowledge, 
research on the techno-economic aspects of 
electrical energy production from rice husks 

using simulation process software Aspen Plus 
with the economic analysis based on demand 
for electric vehicles has not been carried out. 

Considering that Indonesia is an agricultural 
country and rice is the staple food, rice husks, 

which are currently still mostly considered 
agricultural waste, have the potential as raw 
materials for producing electricity through 

biomass gasification which is more 
environmental friendly and the rice husk price 
is Rp. 1,000/kg. Therefore, this research will 

discuss the production of electrical energy 
sourced from syngas produced from the rice 

husk biomass gasification process based on 
actual data on Indonesian paddy production 
with the economic analysis. 

 
The evaluation of rice husk’s potential as a 
renewable energy resource was previously 

initiated by some studies (Shackley et al., 
2012; Silva et al., 2021). Rice husk, one of the 

biomass resources, is an abundant agricultural 
waste in agrarian countries with high rice 
production, such as Indonesia and some 

countries in Southeast Asia. The region with 
the largest paddy production in 2022 in 

Indonesia is the East Java Province, with a 
production quantity of 9.7 million tons per 
year (Badan Pusat Statistik, 2023). Rice husk 

is produced as waste from the rice milling 
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process, in which 20% of the weight of the 
grain is rice husk and is often ignored or just 
thrown away and even burned openly causing 

air pollution and other environmental 
problems.  
 

In Indonesia, the Directorate General of New, 
Renewable, and Energy Conservation (EBTKE) 

targeted the utilization of renewable energy to 
reach at least 23% of the national primary 
energy mix by 2025 and reach a level of at 

least 31% by 2050. The status of renewable 
energy utilization in the national energy mix in 
2020 just reached 11.51% of the primary 

energy supply, which was far below that was 
already targeted (Kusdiana, 2021). In 

addition, based on the policy issued by the 
government through Presidential Decree No. 
55/2019 regarding the acceleration of the 

battery-based electric vehicle program for 
road transportation, the government set a 
target of 20% of vehicles to be electric by 

2025. To expedite its implementation, the 
Indonesian government declared incentives 

for industries so that the acceleration of 
electric-based or battery-based vehicle 
programs can be achieved. With the current 

status of renewable energy implementation 
and ambitious plans of the government, this 

study evaluates the electricity generation 
based on demand for electric vehicles, with 
the considered biomass power plant location 

being in the East Java province in Indonesia.  
 
2. Methodology 

 
2.1. Power Plant Location 

 
This research investigates the electricity 
production from rice husks based on the 

demand for electric vehicles in Surabaya City, 
the second largest city in Indonesia. Surabaya 
is located in the East Java province, the largest 

rice producer in Indonesia. The cities of 
Lamongan and Gresik, which are located 46 

km and 20 km, respectively, from Surabaya, 
were chosen as the rice husk suppliers as they 
are within five cities producing rice at most 

and they have relatively closest distance to 
Surabaya. The selection of power plant 
location needs to consider several aspects, 

including access road aspects, physical 
location aspects, environmental aspects, 

electrical aspects, and cost aspects. In this 
study, it is planned to build a Biomass power 
plant in the Watangrejo area with a land area 

of ±20 hectares, with 4 hectares allocated for 
development. Watangrejo Village is located 

between the cities of Lamongan and Gresik, 
with distances of 18 km and 13 km, 
respectively. 

 
 
Figure 1. (A) Lamongan city, (B) Gresik city, 

  (C) Surabaya city 

 

In terms of road aspects, the power plant 
location is traversed by an arterial road, 

namely Jl. Raya Gresik – Babat. Regarding the 
environmental aspect, there are drainage 
channels around the PLTBm location that can 

be utilized. The cost aspect is closely related 
to investment and operational costs when the 

power plant is in operation, such as 
transportation costs, maintenance costs, and 
the cost of fuel used by vehicles when 

delivering biomass to the power plant. 
 
2.2. Electricity Demand Vehicles 

 
Data obtained from Badan Pusat Statistik 

states that the number of ICE vehicles in 
Surabaya City in 2020-2022 was 503,066 – 
610,171 car units and 2,599,332 – 2,922,335 

motorcycle units.  
 

 
Figure 2. Surabaya city vehicle data projections 

 

Based on this data, the number of motorized 
vehicles can be projected until 2025 as shown 
in Fig. 2. In 2043 the number of ICE vehicles 

was 773,617 cars and 3,418,490 motorcycles. 
Based on data obtained from the Coordinating 

Minister for Maritime Affairs and Investment, 
the average fuel consumption is 1,500 liters 
per year for one car unit and 305 liters per 

year for one motorcycle unit. 
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The average mileage for one car is 15 km/liter 
and for one motorcycle is 53 km/liter.  
Meanwhile, electric vehicles have an average 

mileage of 7 km/kWh for one car (Ioniq 5) and 
33.3km/kWh for one motorcycle (NIE N Lite). 
So it can be calculated using Eq. 1 for 

electricity demand per year from electric 
vehicles. 

  

𝐸𝐶 (
𝑘𝑊ℎ

𝑌𝑒𝑎𝑟
) =  

𝐹𝑢𝑒𝑙𝐶 (𝑙/𝑦𝑒𝑎𝑟) 𝑥 𝐷𝐹𝑢𝑒𝑙 (𝑘𝑚/𝑙)

𝐷𝐸𝑉 (𝑘𝑚/𝑘𝑊ℎ)
            (1)  

 
Remark: 

EC : electricity consumption 
FuelC : fuel consumption  
DFuel : fuel mileage 
DEV : electricity mileage 

 

2.3. Characteristics of Rice Husk Biomass 
 

Biomass fuels have more complex properties 
and characteristics than fossil fuels and 
require more specialized preparation and 

processing. It is characterized by a small 
specific gravity a high amount of ash resulting 

from the combustion process, and a low ash 
melting point temperature. The ash generated 
from combustion ranges from 16-23%. The 

moisture content of biomass is generally 
higher than that of fossil fuels, but the 
moisture content of rice husk is relatively low 

because rice husk is the dry husk of rice left 
over from the milling process. Another 

characteristic of rice husk fuel is its high-
volatile matter content, which is volatile 
matter. The volatile matter content ranges 

from 60-80%, compared to fossil fuels which 
only range from 20-30% for medium coal. 
 
Table 1. Proximate and ultimate analysis of 

    Indonesian rice husk (Purwanto, 2010) 

 

Feed   Result 

Proximate 
Analysis (%) 

Moisture Content 7.78 

Ash Content 21.84 

Volatile Matter 57.05 
Fixed Carbon 13.33 

Ultimate 
Analysis 
(wt%) 

C (%) 35.18 

H (%) 4.46 

N (%) 0.15 

S (%) 0.01 

O (%) 38.36 

 
Before simulation using Aspen Plus software, 

experimental data is needed related to the 
value of proximate analysis and ultimate 
analysis of rice husk in Indonesia, and the 

following is the data of proximate and ultimate 
analysis of rice husk in Indonesia obtained 
from Basu (2010) as can be seen in Table 1. 

 
 

 

2.4. Process Modeling 
 
Process modeling is a useful method for 

comprehensively studying a process's 
properties and structure and representing a 
process. In general, the process of converting 

biomass into syngas through a gasification 
process and then from syngas into electrical 

energy can be seen in Fig. 3.  
 

 
Figure 3. Block flow diagram of generating 

 electricity from biomass 
 

Among several reactor types, fluidized bed 
reactor is one of the most practical types used 

for gasification (Natarajan et al., 1998; 
Warnecke et al., 2000; Park et al., 2021). 
Since a dual fluidized bed gasification unit is 

the primary process of the proposed scheme, 
the primary focus has been on creating a 

straightforward yet precise model to describe 
the gasifier. It is possible to represent the 
behavior of the fluidized bed for biomass 

gasification while conducting design and 
optimization studies by using modeling tools. 

The Aspen Plus process model simulator was 
used to construct the study's model.  
 

This program is made up of many components 
which integrated, and provide a 
comprehensive view of the behavior of a 

fluidized bed gasifier. The following 
presumptions are taken into account in this 

simulation study (Muthia and Pratama, 2023). 
1. The process is steady state, 

dimensionally negligible, and isothermal. 

2. Devolatilization of biomass occurs 
instantly and volatile products consist of 
H2, CO, CO2, CH4, and H2O. 

3. All gases are evenly distributed in the 
reactor. 

4. The hydrodynamic equations in the 
fluidized bed reactor have not been taken 
into consideration. 

5. Tar formation is so small that it can be 
ignored.  

6. Reactions of sulfur and nitrogen have not 
been taken into consideration. 

 

In this research, the overall scheme to be 
employed involves feeding biomass in the 
form of rice  husks into a  gasification  reactor  
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which will be reacted with steam as the 

gasifying agent (Fig. 4). In this process, by-
products such as ash and impurities gas will 
be generated and will be separated using a 

separator. 
The primary product of this gasification is 
syngas with a high composition of flammable 

gases such as Hydrogen (H2), Carbon 
Monoxide (CO), and Methane (CH4) which will 

be utilized as fuel which will react with air in 
the power generation stage, to produced hot 
gas with high pressure then used for rotating 

the gas engine to produce electrical energy 
and a by-product of hot gas (exhaust gas) will 

be used in the steam formation process to 
supply the requirement of steam in 
gasification zone. In this study, the type of 

gasifier used is a Dual Fluidized Bed Gasifier 
with a scheme as shown in Fig. 5. 
 

 
 
Figure 5. Schematic of dual fluidized bed gasifier 

 
With parameter indirect heating gasification as 

heat sink, heat source from combustion using 
char and steam as gasifying agent. The 

modeling of the gas behavior is achieved by 

using the Peng– Robinson equation of state.  
 
2.4.1. Chemical Reaction 

 
It is assumed that biomass contains the 
elements hydrogen (H), carbon (C), and 

oxygen (O). The chemical formula of biomass 
is defined as CHxOy. The chemical reactions 

discussed in this study can be seen in Table 2, 
which includes reactions that occur in the 
oxidation zone and gasification zone. 

 
Table 2. Chemical reaction in oxidation zone and 

gasification zone 

 
2.4.2. Gasification Simulation 
 

In this research in Aspen Plus, the components 
that will be used in the simulation are yield 

(RYield), Gibss (RGibss), and Stoichiometry 
(RStoic) reactors. Other components that will 
be used are a separator, mixer, heat 

exchanger, turbine, and compressor. The yield 
type reactor will simulate the process that 
occurs in the pyrolysis zone by decomposing 

biomass into single components such as ash, 
carbon, hydrogen, nitrogen, chlorine, sulfur, 

and oxygen based on the results of proximate 
and ultimate analysis of the feed, using Eq. 2. 
 

YoC= (1 – XWB) x XB   (2) 
Remark: 

Reaction ΔH 
(kJ/mol) 

Reaction 
No. 

Oxidation Zone 
C + O2→CO2 -394 R1 
Gasification Zone 

Boudouard Reaction 

C + CO2 → 2 CO +172 R2 

Water-gas Reaction 

C + H2O → CO + H2 +131 R3 

Water Shift Reaction 

CO + H2O → CO2 + H2 -41 R4 

Methane Reaction 

C + 2H2 → CH4 -75 R5 

Figure 4. Process Flow Diagram of The Proposed Model by Aspen Plus 

 
Figure 4. Process flowsheeting of the proposed system 
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YoC  : the yield of the component 
XWB  : the fraction of water in biomass   
XB  : the fraction of component biomass 

 

RGibss will be used to simulate the processes 
that occur in the gasification and power 
generation zones which single compounds 

such as carbon, hydrogen, and nitrogen will 
react and form more complex compounds 
such as methane, and carbon monoxide. The 

operating conditions that are considered the 
most optimum in the gasification zone are 

listed in Table 4. The stoichiometric reactor 
will simulate the process that occurs in the 
combustion zone. In this zone, as much as 

80% of C (carbon) will be used as fuel, to 
generate heat that will be supplied to the 
gasification zone. Other components such as 

separators are used to simulate the separation 
process, mixers are used to simulate the 

process of mixing or merging streams during 
the process. 
 
Table 3. Model inputs used for gasification 

simulation 

 

Input for gasification simulation Value 

Gasifier feed (kg/h) 32,906.9 
S/B ratio 0.3 
Gasification process temperature (°C) 800 

Gasification process pressure (atm) 1 
Steam temperature (°C) 120 

Steam pressure (atm) 1 

 
In the Power generation phase, syngas will be 
used as fuel in the combustion reactor (BURN) 

which will be reacted with air. The RGibss 
reactor is used to simulate the process. The 
compressor is used to increase the pressure of 

the air before it enters the combustion reactor 
and then the pressurized hot gas will be used 

to rotate the turbine to produce electrical 
energy. After obtaining the optimum 
conditions of the biomass gasification process 

with the final product of syngas, at this stage 
syngas will be used as fuel to produce 

pressurized gas which will be used to drive a 
gas turbine and ultimately produce electrical 
energy. At this stage, the thing that needs to 

be set is the air flow rate used for the syngas 
combustion process. To produce complete 
combustion, the airflow rate used can be 

calculated using Eq. 7. 
 

Mole flow each component in syngas: 
Mole flow H2  = SF x XH2   (3) 
Mole flow CO  = SF x XCO  (4) 

Mole flow CH4 = SF x XCH4  (5) 
 

Remark: 

SF  : syngas mole flow  
XH2  : the mole fraction of H2 
XCO  : the mole fraction of CO 

XCH4  : the mole fraction of CH4. 
 
Air mole flow stoichiometric: 

 

AFS = 
(0,5 𝑥 𝐹𝐻2) +(0,5 𝑥 𝐹𝐶𝑂)+(2 𝑥 𝐹𝐶𝐻4)

0.21
            (6) 

 
Remark: 
FH2  : mole flow of H2 
FCO  : mole flow of CO 

FCH4  : mole flow of CH4 

 
Air mole flow: 

AF = A/F Factor x AFS  (7) 
 
where the A/F factor is the air-fuel ration, 

which is in the range of 3.3 – 4.1 (Al-Attab and 
Zainal, 2018).  The operating conditions at the 
power generation stage can be seen in Table 

4. 
 
Table 4. Model inputs used for power generation 

simulation 
 

Input for power generation simulation Value 
Water Cooling Temperature (°C) 20 

Water Cooling Pressure (atm) 1 

Syngas Mole Flow (kmol/hr) 1,538 
Syngas Temperature (°C) 800 

Syngas Pressure (atm) 1 
Air Mole Flow (kmol/hr) 9,779 

Air Temperature (°C) 25 
Air Pressure (atm) 15 

A/F Ratio for Syngas 4 
Gas Turbine Isentropic Efficiency 0.3 

 

2.5. Potential CO2 Emission Reduction 
 

One of the benefits of using renewable energy 
sources is that it can help reduce CO2 gas 
emissions in the air. For CO2 emission 

reduction values, you can use the Eq. 8 
(Muhyiddin, 2014). 
  

CO2 Emission Reduction = EP x GEF  (8) 
Remark:  
EP  :    electricity production (MW/year) 

GEF  : greenhouse gas emission factor 
     (tCO2/MW) 

 

The greenhouse gas emission factor value is 
0.963 tCO2/MW (Muhyiddin, 2014). 
 

2.6. Economic Analysis 
 
In this research, the parameters in the 

economic analysis are Net Present Value 
(NPV), Internal Rate of Return (IRR), and 

Payback Period (PP). With the expectation that 
NPV will be greater than 0, IRR is greater than 
Bank interest, and PP is smaller than the 

lifetime of the Biomass power plant.  
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2.6.1. Investment & Operational Cost 
 
The Biomass power plant development project 

which includes the plant configuration, 
technical data, and project costs can use Eq. 
9 (MEMR 2021) by using the basis for the cost 

estimation of a Biomass power plant with a 
capacity of 4 MW. In this research, the 

production capacity of the Biomass power 
plant will continue to increase every year and 
in 2025 reach 25 MW, so it has been 

determined for the calculation of investment 
costs using a capacity of 25 MW. 
 

𝑃𝐶𝑃𝑙𝑎𝑛 = 𝑃𝐶𝑅𝑒𝑓.  𝑥 (
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑃𝑙𝑎𝑛

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑅𝑒𝑓.
)0.7              (9) 

 
Remark: 
PCPlan  : the project cost plan 
PC Ref. : the project cost reference 
 
2.6.2. Electricity Production 
 

The electricity production of power plant with 
capacity 25 MW can be calculated by Eq. 10, 
and Capacity Factor can be calculated by Eq. 

11. 
𝐸𝑃 𝑃𝐿𝑇𝐵𝑚 = 𝑁𝑒𝑡 𝐸 𝑥 𝑂𝑇 𝑥 𝐶𝐹   (10) 

𝐶𝐹 = 𝐸𝑌 𝑥
1

𝑂𝑇
 𝑥

1

𝑃𝐶
    (11) 

 

Remark: 
Net E  : net electricity production (MWh/year) 
OT : operation time (year/hour) 
PC : production capacity (MW) 

CF : capacity factor 
EY : energy yield (Mwh) 
 
2.6.3. Net Present Value (NPV) 

 
The NPV value can be calculated using Eq. 12.  

 

NPV = ∑𝑛
𝑡=𝑛

𝐶𝐹𝑛

(𝑖+1)𝑛 − 𝐶𝐹0   (12) 

 
Remark: 
CFn : Cash Flow In at year-n (Rp) 
i  : discount rate (%) 
n  : year  

CF0  : initial investment value (Rp) 

 
Details of NPV calculation parameters can be 

seen in Table 5.  
 
Table 5. NPV calculation parameters (KESDM, 

2021). 
 

Electricity selling price/kWh year 1-10 Rp. 1,442 
Electricity selling price/kWh year 11- 20 Rp. 1,154 
Discount Rate (%) 15 

Income Tax (%) 25 

 
For Cash Flow In, the calculation was done by 

using Eq. 13. 
 

Cash Flow In = Net E x ESP x 0.75 (13) 

 
Remark: 
Net E  : net electricity production (kWh/year)  
ESP  : electricity selling price per kWh 

It is planned that the Biomass power plant 
project will operate for 20 years from 2024 – 
2043. 

 
2.6.4. Internal Rate of Return & WACC 
 

The IRR value can be calculated using Eq. 14. 
 

IRR = 𝑖1 + 
𝑁𝑃𝑉1

(𝑁𝑃𝑉1−𝑁𝑃𝑉2)
 𝑥 (𝑖2 − 𝑖1)     (14) 

 
Remark: 
i1  : the interest rate with positive NPV 
i2  : the interest rate with negative NPV 
NPV1  : positive NPV value  

NPV2  : negative NPV value 

 
The WACC can be calculated using Eq. 15. 

 

𝑊𝐴𝐶𝐶 =
𝐷

𝐷+𝐸
 𝑥 𝐾𝑑 𝑥 (1 − 𝑡) +  

𝐸

𝐷+𝐸
 𝑥 𝐾𝑐  (15) 

 
Remark: 

D : debt 

E : equity 
Kd : debt interest rate 
t : tax 
Kc : rate of return 

 

2.6.5. Payback Period 
 

The Payback Period value can use Eq. 16 
(Malek, 2017).  
 

 PP = 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐼𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑃𝑟𝑜𝑓𝑖𝑡 𝑃𝑒𝑟 𝑌𝑒𝑎𝑟
   (16) 

 

2.6.6. Levelized Cost of Electricity 
 

The LCOE value was calculated using Eq. 17 
(Abdelhady et al., 2018). 
 

𝐿𝐶𝑂𝐸 =   
𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑠ℎ 𝑂𝑢𝑡 (𝑅𝑝./𝑌𝑒𝑎𝑟)

𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ/𝑌𝑒𝑎𝑟)
  (17) 

 
3. Result and Discussion 

 
3.1. Effect of Operating Temperatures on 

Syngas Product Composition 
 
The goal of the gasification process is to 

produce as much gas as possible with a high 
heating value, which will enable efficient 
utilization of the gas for power generation. The 

ratio of steam to biomass and temperature are 
the two primary factors that influence the 

composition of gas production. In this study, 
an attempt has been made to determine the 
optimal values of the process operating 

parameters mentioned above to facilitate the 
release of volatiles from biomass and convert 

it into energy with the highest possible energy 
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efficiency. Thus, a sensitivity analysis was 
carried out to determine how these two crucial 
parameters affected the syngas yield.  

 
A good quality syngas has a high composition 
of combustible gases such as H2, CO, and CH4. 

As shown in Fig. 6., the difference in operating 
temperature has a significant effect on the 

composition of syngas produced. The 
operating temperature variation used is from 
500°C to 1,000°C. The higher the gasification 

operating temperature, the composition of H2 
and CO in syngas will increase while the 
composition of CH4 and CO2 will decrease. This 

phenomenon has similarities and can be 
validated based on experimental results 

regarding fluidized bed steam gasification of 
biomass by Loha and Chattopadhyay (2010). 
 

 
Figure 6. Effect of temperature variation on 

 syngas composition 

 
3.2. Effect of Different S/B Ratio on 

Syngas Product Composition 

 
As shown in Fig. 7, the different steam ratios 

have a significant effect on the composition of 
the syngas produced. In this study, the S/B 
ratio used was 0.1 to 1.0.  

 
The higher the steam ratio used, the 
composition of H2, CO, and CH4 will decrease 

while the composition of CO2 will increase. 
Based on the simulation results carried out by 

varying the temperature and S/B ratio in Fig. 
6 and Fig. 7, it can be concluded that the 
optimal operating conditions are at a 

temperature of 800°C with an S/B of 0.3. With 
the following considerations, if the 

temperature and S/B ratio are increased, the 
composition of H2 and CO no longer rises 
significantly, and the composition of CO2 

produced does not experience a significant 
decrease. So that the operating conditions of 
the gasification simulation can be obtained as 

in Table 3. 

 
Figure 7. Effect of S/B ratio variation on syngas 

composition 

 
3.3. Power Generation Process Result 

 
The syngas flow rate of 1,538 kmol/hr will be 
burned with the air of 9,779 kmol/hr in the 

Gibss reactor which acts as a combustor 
(BURN) operating at a temperature of 1,700°C 

and pressure at 15 atm. The product of this 
combustor is pressurized gas which will be 
used to rotate the turbine. Turbine output gas 

with a temperature of 890 ° C and a pressure 
of 1 atm will be used to help supply heat to 

the steam generation process used for the 
gasification process. 
 

3.4. Simulation Result 
 
Based on data projections carried out until 

2025, the results of net system power 
calculated in the simulation with capacity 

factor 0.735 and operation time 7,920 hours 
in a year. Electricity generated by the turbine 
is 365,344 MWh/year and electricity demand 

for operational is 217,254 MWh/year so the 
net electricity is 148,090 MWh/year. 
 

3.5. Electricity Demand for Vehicles 
 

Based on the projection of vehicle user data, 
especially for the city of Surabaya Figure 2., 
to achieve the government's target of 20% 

electric vehicle users in 2025, 773,617 cars 
and 3.4 million motorcycles must be converted 
into electric vehicles. So, we can calculate the 

total electrical energy needed to meet the 
needs of electric vehicles, which is 828,884 

MW/year. So, with the electricity production 
capacity of the Biomass power plant being 
designed, the Biomass power plant is only able 

to supply 19% of the total electricity demand 
for electric vehicles in 2024 and 18% in 2025. 
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3.6. CO2 Emission Reduction 
 
Using Eq. 8, we can calculate the potential of 

CO2 emission reduction by using a Biomass 
power plant as an alternative way to produce 
electricity. The greenhouse emission factor is 

0.963 tCO2/MW. Then based on the simulation 
Biomass power plants can produce electrical 

energy of 148,089.83 MWh per year, so the 
potential for reducing CO2 emissions is 
142,610.51 tCO2/year. 

 
3.7. Economic Analysis 
 

3.7.1. Investment Cost & Operational 
Cost 

 
Using Eq. 9, it can be obtained that the 
Investment Cost of the Biomass power plant 

with a production capacity of 25 MW is Rp. 510 
billion which can be used as a CAPEX value. 
The points included in the OPEX calculation are 

O&M costs, fuel costs in the biomass power 
plant, and those used for transportation of raw 

material shipments. The OPEX calculation can 
be done using Eq. 9 and results in an OPEX 
value of Rp. 91 billion/year. The assumptions 

in the Economic Analysis of PLTBm Capacity 
25 MW is shown in Table 6. 

 
Table 6. Assumptions in economic analysis of 

PLTBm capacity 25 MW 
 

Description Unit 

Investment souerces equity/ 
debt 

30/70% from 
TCI 

Lifetime 20 Year 

Tax 25% Per Year 

Debt interest rates 8.5% Per Year 

Construction period 1 Year 

Discount rate 15% 

 
3.7.2. Cash In 
 

Cash Cash-in calculations can be determined 
by applying Equation 13, which incorporates 

the revenue generated from electricity sales. 
The selling price of electricity used in this 
calculation is based on the official tariff 

stipulated in the Indonesian Government 
Regulation PP No. 112 of 2022. According to 

this regulation, the electricity selling price is 
set at 9.29 cents USD per kilowatt-hour 
(kWh), which is equivalent to Rp 1,442 per 

kWh during the first to the tenth year of the 
project operation. For the eleventh to the 
twentieth year, the tariff is adjusted to a lower 

rate of 7.43 cents USD per kWh, or Rp 1,154 
per kWh. These values are essential inputs for 

estimating the total cash inflow over the 
operational lifespan of the energy generation 
project, as they reflect the income received 

from selling the produced electricity to the 
national grid or authorized off-takers. By using 
these tariff rates within Equation 13, the 

projected financial returns from electricity 
sales can be accurately quantified for both 
pricing periods over the 20-year project 

horizon. 
 
Table 7. Cash In of PLTBm capacity 25 MW 
 

Year 
Electricity 
Production 
(kWh/Year) 

Cash In (Rupiah) 

2024 146,876,794  180,060,906,344  

2025 148,089,834  181,548,011,047  

 
3.7.3. Net Present Value (NPV) 
 

Using Eq. 12, the NPV value for 20 years from 
the biomass power plant is Rp.169 million. The 

NPV value is greater than 0 so that when 
viewed from the NPV value, the biomass 
power plant project is feasible to be realized. 

 
3.7.4. Internal Rate of Return & WACC 
 

Using Eq. 14, the IRR value for the planned 
Biomass power plant project is 15.01%. The 

IRR value is greater than the value of bank 
interest which is 15% and with debt interest 
rate of Indonesia 8.5% and average equity in 

Indonesia 9.57% (Shanty D., 2021) the 
calculated WACC is 7.34%, so when viewed 

from the IRR and WACC value, the biomass 
power plant project is feasible to be realized.  
 

3.7.5. Payback Period 
 
Using Eq. 16, it can be obtained that the 

Payback Period value of the biomass power 
plant project is 6 years. The PP value is lower 

than the planned biomass power plant lifetime 
of 20 years so when viewed from the PP value, 
the biomass power plant project is feasible to 

be realized. 
 
3.7.6. Levelized Cost of Electricity 

 
Using Eq. 17, the LCOE for the power plant can 

be calculated. The total cash out is 601 
billion/year and the electricity production is 
148,089,834 kWh/year, so the value of LCOE 

for power plant with capacity 25 MW is 4,063 
Rupiah/kWh. 
 

4.   Conclusion 
 

Here are the results of studies conducted in a 
Fluidized Bed Dual Reactor Gasifier to gasify 
rice husk using steam. Researchers have 

examined how the temperature during 
gasification and the amount of steam to 
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biomass affect the composition of the syngas. 
It can be shown from the study that when the 
temperature of gasification rises, more H2 and 

CO are produced, but less CH4 and CO2 are 
formed. However, as the ratio of steam to 
biomass increased, CO2 production increased 

while H2, CO, and CH4 production declined. 
Consequently, 800°C and a S/B ratio of 0.3 

represent the ideal conditions for the 
gasification simulation. 
 

With these operating conditions, produced 
syngas with a flow rate of 1,538 kmol/hr will 
be used as fuel in the process of forming high-

pressure hot gas which will be used to rotate 
the gas turbine. The net electrical energy that 

can be generated in this simulation is 148,090 
MWh/year which is targeted to help supply 
electricity to electric vehicle users. In this 

study, the biomass power plant can help 
supply electricity to electric vehicle users by 
18% of the total demand in 2025, and have 

potential CO2 emission reduction 142,610.51 
tCO2/year. Economic analysis, the NPV value 

of this biomass power plant is Rp. 169 million, 
with an IRR of 15.01%, WACC 7.34%, LCOE 
4,063 Rupiah/kWh and has a Payback Period 

of 6 years. 
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