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Abstract

This study aims to get an overview of the operational parameters of a small-
scale electrical generation plant that utilizes thermal energy included in the
flue gases of garbage waste incineration. The organic Rankine cycle (ORC)
thermodynamic system was performed to evaluate this system. The organic
fluid was used as a heat transfer medium instead of water because it has a
low boiling point so it does not require a lot of thermal energy to generate
small-scale electric power. Hexane was used as the working fluid and Aspen
Hysys was used as a tool to perform simulations. The plant is optimized
through the operating temperature, working fluid flow rate, and pressure to
obtain electrical output power that can be obtained. The simulation results
show that flue gas at a temperature range of 300 to 350 °C can produce
electric power in the ranges of 7.84 to 128.6 kW at working pressure ranges

1. Introduction

Energy needs will continue to increase along
with the increase in world population and in fact,
there is also an increase in carbon emissions [1].
Currently, the world's main energy sources still
rely on fossils, especially liquid fuels, and coal.
The adverse effects of the use of fossil-based fuels
are, of course, extreme weather and climate
change. This is due to the pollution and emissions
produced when using such fuels [2]. Underworld
agreement that individual countries must reduce
emissions from fossil fuel use, they must therefore
consider other potential energy sources that are
low carbon dioxide or zero carbon dioxide. In
Indonesia itself, the potential for bioenergy
utilization is very high to support the energy mix
in 2050 [3].

In addition to dealing with global warming, the
world is also currently dealing with adverse
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effects caused by the abundance of garbage waste.
The most harmful impacts are leachate [4] and soil
pollution by heavy metals [5] in addition to
pollution caused by particulate matter, acidic
gasses, and dioxins. From day to day, the amount
of garbage waste is getting out of control, even
though if processed properly, garbage waste can
be a source of thermal energy [6] or an alternative
liquid fuel source [7].

One of the efforts being developed is to use
garbage waste as a source of thermal energy in
boilers, then converted it into electrical energy
using turbines. In 2006, two units of garbage waste
power plants with a capacity of 46.2 million kWh
of electrical energy were operated, but due to low
LHV, the garbage waste was mixed with coal [8].
In Indonesia, the use of garbage waste as a source
of electrical energy is also very potent. By taking
garbage samples from landfills, Baskoro et al.
(2019), and Hanson et al. (2022) succeeded in
simulating and predicting the electrical power that
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can be obtained from garbage incineration [9, 10].

Utilization of thermal energy from combustion
gases can be performed utilizing boilers, but
combustion gas cleaning systems are very important
to ensure the environmental air is free from pollution
[11]. To reduce pollution that arises, the combustion
chamber of a combustor is important to improve its
performance. Air distribution is the main key to
producing high combustion chamber temperatures
[12, 13]. In fact, the combustion gases of solid waste
of biomass type leaving the chimney still have a
temperature of about 390 °C [14]. This temperature
needs to be reduced before being put into the
cleaning device or gas cleaning system (GCC) and
released into the environment. For this reason, a
combustion gas temperature-lowering device is
needed, namely a heat exchanger. In reducing the
temperature of combustion gases, working fluids
such as water and organic fluid can be used that can
absorb heat energy and send it to thermal energy
storage devices [15], then can be used for other
purposes including electrical energy generation [16,
17]. Another way is to use hot combustion gases
directly to evaporate a working fluid in the
evaporator.

It has been known for a long time that the organic
Rankine cycle is capable of extracting thermal
energy even at low levels. Usually, the working fluid
used has a low boiling point even far below the
boiling point of water. As many as 31 types of
working fluids can be used in an ORC [18] with
several thermal energy sources to be used. Currently,
not many power generation systems using ORC are
implemented in the field. Research is still in the
development stage and testing is mostly through
simulations. There are also many sources of thermal
energy used, including hot gas from burning fuels
other than solar and geothermal energy.

The purpose of writing this article is to explain
the design of a small-scale power generation system
by utilizing thermal energy from garbage waste
combustion units. Thermal energy is obtained from
the hot combustion gas cooling unit before being
delivered to the gas cleaning unit and is suitable for
release into the atmosphere. The organic Rankine
cycle is used as a thermodynamic system of power
plants and its performance is reviewed based on the
characteristics of the working fluid using Aspen
Hysys simulations. For system optimization, several
related operational parameters are simulated to
obtain the most optimal performance.
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Small-scale power plants utilize medium to low
levels of thermal energy using a thermodynamic
cycle called the organic Rankine cycle (ORC) [19].
Figure 1 shows a diagram of an integrated power
plant with a boiler unit and the flue gas cleaning unit
utilizing thermal energy from garbage waste
incineration. Flue gas should also not be released
into the atmosphere at high temperatures. Therefore,
it must be cooled first using a heat exchanger using
working fluids with a high heat capacity such as
water, oil, or organic fluid. Then the thermal energy
in the working fluid is extracted using the Rankine
organic cycle with working fluids such as Hexane.
This working fluid is considered very suitable at a
temperature source between 150-350 °C.

Flue gas

cleaner Flue gas

Flue gas

Solid Cooling
waste feed water
inlet
Air Qrganic
combustion fluid storage
tank

— Hot flue gas
— Organic fluid line
Coolong water
Figure 1. A simple ORC electricity generation plant diagram
coupled with a solid waste incineration facility
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2. Materials and Methods
2.1 Materials

Hexane is a hydrocarbon compound with the
chemical formula CsH14 used as a working fluid in
this investigation. Hexane has a molecular weight of
86.178 (g/mol), a boiling point of 68.71 °C, a critical
temperature of 234.40 °C, critical pressure of 30.28
bar. Under standard circumstances, this material is
liquid and colorless and has a character similar to
water, so it is relatively easy to handle and use. In
addition, Hexane has high energetic efficiency and
energetic efficiency [20]. Table 1 shows the
operational parameters used in this simulation study.

Table 1. Parameter used on the simulation

Parameter Set Value
Flue gas (°C) 300-350
Flue gas mass flow rate (kg/h) 40000-70000
Refrigerant Hexane
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Refrigerant mass flow rate (kg/h) 3600-10100
Outlet pump pressure (bar) 2-7.5

Phase fraction at the pump outlet 0

Phase fraction at the turbine inlet 1

Outlet turbine pressure (bar) 2-8
Cooling water mass flow rate (kg/h) 50000
Cooling water inlet temperature (°C) 27

Turbine efficiency (%) 75

Pump efficiency (%) 75

2.2 Diagram of system simulation

The simulation diagram is shown in Figure 2.
Hexane working fluid at atmospheric conditions (1)
is compressed using a pump (P-100) until the
working pressure increases (1a). The working fluid
is then fed into the economy (E-101) to increase the
working temperature (1b) with the intention of
reducing the heating load in the heat exchanger (E-
100). The working fluid is then further heated in the
heat exchanger by absorbing thermal energy from
the flue gas into high-temperature and high-pressure
saturated steam (2). The thermal energy in the
working fluid is then extracted using a turbine (K-
100). The working fluid out of the turbine (3) with
saturated steam conditions is put into the economy
to heat the working fluid before entering the heat
exchanger. The working fluid from economical (4)
is then cooled using a condenser (E-102) to convert
it back into a liquid state (5).
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J_ 3- Flue g;‘: out
i 12 " E-100
e’ E-101
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Qcool
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E-102 RCY-1
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Figure 2. Aspen Hysys flow diagram of the simulation study
3. Results and Discussion

The results of the investigation through
simulation were obtained by optimizing operational
parameters, of flow rate, pressure, and temperature
of the working fluid of the system.

3.1 The effect of working pressure on electrical
power output
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To obtain a high working fluid temperature, the
working pressure must be increased using a pump
(P-100). Due to pump pressure, the saturation
temperature of the working fluid will also increase
accompanied by an increase in enthalpy of working
fluid entering the turbine (2). This causes an increase
in turbine work output (W,,,,). From the graph in
Figure 3 it can be seen that the higher the working
pressure, the resulting turbine work also tends to
increase. The results of this simulation are in
accordance with the results of the analysis carried
out using thermodynamic relationships [17].

However, although the working pressure can
increase the output power of the turbine, this system
cannot be forced until it reaches the critical pressure
of the working fluid. The system will be more
difficult to operate if the working pressure is too
high. It takes extra energy to evaporate the working
fluid, while the energy source used is low levels of
flue gas. From the graph, it can also be seen that the
turbine output is also very sensitive to the rate flow
of the working fluid, where the higher working fluid
rate will be accompanied by an increase in turbine
output.

100
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808 4100 kg/h
40~
205
(@)
0 Operating Pressure (bar)

2.53.03.54.04.55.05.56.06.57.07.58.0

Figure 3. Power output as the pressure dependence

3.2 The effect of working temperature on electrical
output power

As explained earlier, the increase in working
pressure will increase the saturation temperature of
the working fluid. For sufficient thermal energy
sources, the saturation temperature will be reached
and will increase the enthalpy of the working fluid
which has implications for increasing turbine power
output as shown in the Figure 4. This result is
consistent with the results of the analysis using
thermodynamic relationships [17]. An increasing the
flow rate and temperature of the working fluid will
increase the output power of the turbine.
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Figure 4. Power output as inlet turbine temperature

4. Conclusion

An investigation into the possibility of developing a
small-scale power plant by utilizing solid waste
combustion flue gas as an energy source has been carried
out. The thermal energy that is still contained in exhaust
gases that are considered to have no value can still be used
for power generation. The simulation results show that the
potential of thermal energy in garbage waste combustion
exhaust gas can still be utilized to generate electrical
energy on a small scale. By using Hexane working fluid,
the thermal energy potential in exhaust gases at a
temperature range of 300-350 °C can be used to generate
electrical power.

Acknowledgment

The authors thank Universitas Negeri Medan for
providing financial support under Contract Number
023.17.1.690523/2022 from the DIPA Directorate of
Research, Technology, and Community Service,
Directorate General of Higher Education, Research
and Technology, Ministry of Education, Culture,
Research, and Technology. The authors gratefully
recognize two final project students and the
members of the mechanical engineering workshop
for their involvement in and contributions to this
project.

References
[1]

Hwang, J.-H. and S.-H. Yoo, Energy consumption,
CO, emissions, and economic growth: evidence
from Indonesia. Quality & Quantity, 2014. 48: p.

63-73.

[2] Xu, J., et al., Fossil-fuel and combustion-related air
pollution and hypertension in the Sister Study.
Environmental Pollution, 2022. 315: p. 120401.

[3] Simanjuntak, J.P., etal., Bioenergy as an Alternative

Energy Source: Progress and Development to Meet

60

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

the Energy Mix in Indonesia. Journal of Advanced
Research in Fluid Mechanics and Thermal Sciences,
2022. 97(1): p. 85-104.

Podlasek, A., et al., Characteristics and pollution
potential of leachate from municipal solid waste
landfills: Practical examples from Poland and the
Czech Republic and a comprehensive evaluation in
a global context. Journal of Environmental
Management, 2023. 332: p. 117328.

Chu, X., Y. Jin, and Z. Chu, Quantitative evaluation
of heavy metal pollution hazards in leachate during
fermentation before municipal solid waste
incineration. Journal of Cleaner Production, 2022.
335: p. 130200.

Hanson, J.L., et al.,, Heat energy potential of
municipal solid waste landfills: Review of heat
generation and assessment of vertical extraction
systems. Renewable and Sustainable Energy
Reviews, 2022. 167: p. 112835.

Tambunan, B.H. and J.P. Simanjuntak, Pyrolysis of
Plastic Waste into The Fuel Qil. Proceedings of the
2nd Annual Conference of Engineering and
Implementation on Vocational Education (ACEIVE
2018), 3 November, Medan., 2018.

Cheng, H., et al., Municipal solid waste fueled
power generation in China: a case study of waste-to-
energy in Changchun city. Environmental science &
technology, 2007. 41(21): p. 7509-7515.

Lokahita, B., et al., Energy recovery potential from
excavating municipal solid waste dumpsite in
Indonesia. Energy Procedia, 2019. 158: p. 243-248.

Hanson, J.L., et al.,, Heat energy potential of
municipal solid waste landfills: Review of heat
generation and assessment of vertical extraction
systems. Renewable and Sustainable Energy
Reviews, 2022. 167: p. 112835.

Bhave, A.G., D.K. Vyas, and J.B. Patel, A wet
packed bed scrubber-based producer gas cooling—
cleaning system. Renewable Energy, 2008. 33(7): p.
1716-1720.

Simanjuntak, J.P.,, E. Daryanto, and B.H.
Tambunan, Performance improvement of biomass
combustion-basedstove byimplementing internally
air-distribution. in Journal of Physics: Conference
Series. 2021: I0OP Publishing.

Caposciutti, G., et al., Experimental investigation on
the air excess and air displacement influence on
early stage and complete combustion gaseous
emissions of a small scale fixed bed biomass boiler.
Applied energy, 2018. 216: p. 576-587.
Simanjuntak, J.P., et al., Technical Parameters
Study of Coconut Shell Combustion as Heat Source
by Using Fixed-bed Type Incinerator. in
Proceedings of the 4th International Conference on
Innovation in Education, Science and Culture,



Janter P S and Binsar M T P., Journal of Innovation and Technology, October 2023, Vol. 4 No. 2

DOI: DOI:10.31629/jit.vxix.1234

[15]

[16]

[17]

ICIESC 2022, 11 October 2022, Medan, Indonesia.
2022,

Simanjuntak, J.P., et al., Thermal Energy Storage
System from Household Wastes Combustion:
System Design and Parameter Study. Journal of
advanced Research in Fluid Mechanics and Thermal
Sciences, 2021. 80(2): p. 115-126.

Ryu, C. and D. Shin, Combined Heat and Power
from Municipal Solid Waste: Current Status and
Issues in South Korea. Energies, 2013. 6(1): p. 45-
57.

Simanjuntak, J.P., et al., Development of a Small-
Scale Electricity Generation Plant Integrated on
Biomass Carbonization: Thermodynamic and
Thermal Operating Parameters Study. Journal of
Advanced Research in Fluid Mechanics and
Thermal Sciences, 2022. 94(1): p. 79-95.

(OO

61

(18]

[19]

[20]

Saleh, B., et al., Working fluids for low-temperature
organic Rankine cycles. Energy, 2007. 32(7): p.
1210-1221.

Hung, T.-C., T. Shai, and S.K. Wang, A review of
organic Rankine cycles (ORCs) for the recovery of
low-grade waste heat. Energy, 1997. 22(7): p. 661-
667.

Kusterer, K., R. Braun, and D. Bohn, Organic
Rankine cycle working fluid selection and
performance analysis for combined application with
a 2 MW class industrial gas turbine. in Turbo Expo:
Power for Land, Sea, and Air. 2014: American
Society of Mechanical Engineers.

This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC-BY).



