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The study of alternative energy from Water hyacinth ,

A case study: Tha Chin River Basin

Nontanan Kuerchartl’* and Orathai Chavalparit2

ABSTRACT

An invasive weed thrives in freshwater bodies causing serious
economic damage including irrigation, agriculture, water transportation,
and public health, especially in the Tha Chin River basin. Therefore,
there is a need for the development of value added from such weed.
This study aims to evaluate the potential of the water hyacinth as
a renewable energy resource for biogas and electricity production.
Data on the characteristics and utilization of water hyacinth in Tha
Chin River basin were collected. The potential of using water hyacinth
as feedstock for biogas production was assessed through three key
aspects: technology, economy, and environment impact. A power
plant utilizing water hyacinth from Tha Chin River basin was used as a
case study. This power plant uses 17.93 tons of fresh water
hyacinth per day as feedstock for a biogas reactor with a capacity of
1,000 cubic meters.  The plant generates 404.88 cubic meters of
biogas daily, with an electricity production potential of 506.10
kilowatts per day. The results show that in terms of energy, the
appropriate technology for biogas production from water hyacinth is a
Continuous Stirred Tank Reactor (CSTR) with completely mixed
system. Economic analysis shows a Net Present Value (NPV) with
greater cash inflow than cash outflow, an Internal Rate of Return (IRR)
of 17%, a Benefit Cost Ratio(B/C) of 2.59, and a Payback Period of 1.27.
Environmental aspect technology for producing alternative
energy from biomass via Anaerobic digestion significantly reduces
greenhouse gas emissions, achieving a reduction of 5,791.44 tons of

CO2e per year.
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Table 1 The proximate test of Water hyacinth

Parameters Unit Fresh Weight Dry Weight
Moisture wit% 95.1 -
Volatile matter wt% 61.2 64.4
Fixed carbon wt% 13.8 14.5
Ash wt% 20.1 21.1
NCV Kcal/kg 3,455 3,633

fiun: Sukarni et al, (2019)
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Table 2 An example of a comparative study of biogas production technologies from biomass

Technological HRT Organic loading Methane % methane Conversion
classifications (days) rate (%) production content eff. (%)
Anaerobic digester  30-180 6-20 low - -
CSTR 20-50 1-15 0.44-0.32L/¢VS 80-85 <60
Plug flow reactor 15-20 11-24 - - 65-75
(cover lagoon)
UASB 1 6.9-7.8 kg COD 0.86 L/gCOD - -
/m/day removed

MUELUA: - No data available; CSTR = Continuous stirred tank reactor; UASB = Upflow anaerobic sludge
blanket

Table 3 Continuous Stirred Tank Reactor (CSTR) and Operational Conditions for Biogas Production

from Selected Biomass Feedstocks

Total  Retention Methane
Volume Temperature

Type Bioreactor Solids Time i
(Liter) (°C) Yield
(%) (Day) (L. methane/kg/day)

Silage (timothy and

CSTR 2 35 6.6 30 0.4
meadow fescue)
Cattle Manure and

CSTR 3 35 8.07 30 0.167-0.271
Dried Grass Silage
Wheat Straw and

CSTR 8 37 25 0.18-0.21
Livestock Manure
Water Hyacinth CSTR 7 35 2.47 21 0.3
Cattle Manure and

CSTR 200 32+5 30 0.375

Water Hyacint

fiu1: Booddachan and Wannapakhe, (2013)
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AYFININAINENAVYINNTUANY 79 Table 4

Table 4 Operational Conditions and Design Criteria Based on Data Collection from a Water

Hyacinth-Based Biogas Power Plant: A Case Study

Parameter Unit Value
Installed Capacity MW 1
Contracted Capacity MW Plant Factor 405

80%

Contract Term Year 20
Total Operating Days Day/Year 300
Total Operating Hours Hours/Day 8
Electricity Generated MWh/year 152
Annual Electricity Generation kWh/year 1,214,640
(kWh/y)
Daily Electricity Generation kwWh/day 506
(kwh/day)
MARR %of CAPEX 12%
WACC (i) %of CAPEX 12%
PV 6%
OPEX THB 17,230,281.39
CAPEX THB 34,820,463.00
Selling Price THB/KWh 39.72
Annual Production Day 300
Annual Production Hr 2400
Daily Production Hr 8

1) ﬁ;ﬂﬁm Break Even Point

ils = 57816 (PQ) - fiunu (F+VQ)
Ul p = SIANVYABNRUIY

Q = Srnuneiivnglé

F = Fixed cost

\Y = Variable
Ul BEP = Q*

mls = Q
azla Q = PQ* - (F + VQ¥)
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Q* = F
(V)
2) AU Fixed Cost

CAPEX = 34,820,463.00 THB

Life = 20 years

Invest. = 1,741,023.15 THB/year (A)
Total OPEX = 1,611,514.07 THB/year (®)
Fixed Cost = (A) + (B)

= 3,352,537.22 THB/year

Fixed cost per unit

Fixed Cost = 3,352,537.22  THB
1,214,640.00  THB
= 2.76 THB/kWh

3) AU Variable Cost
Variable cost per unit
Variable Cost = 17,230,281.39 THB
1,214,64000  THB
= 14.19 THB/kWh
4) A1ulad Total Cost
Total cost/unit = Fixed cost (unit) + Variable cost(unit)
= 16.95 THB/KWh

5) AUIEd Revenue

price = 39.72 THB/kWh
6) AU Break Even Point
Q* = F
P-V
= Fixed Cost

Revenue -Variable cost
= 3,352,537 THB
300 days *8 hr
25.53
= 54.71 kW
Q* = 10.81 %
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Figure 1 Break Even Point

auum Life Cycle Cost
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PMT: CAPEX @ PMT: OPEX
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Figure 2 Life Cycle Cost

506

@@= PMT Total Cost

13 14 15 16 17 18 19 20

Cost Model
1
SUM Per Year

NPV 764,302,044.39 38,215,147.02
IRR 17% 17%

Benefi 360,367,048.35 18,018 352.42
Cost 139,228,855.62 6,951,442.78
B/C Ratio 239 239
Payback Period 1.27 1.27
Fixed Cost (/1) 15,011,023.15

Variable Cost(unw/dl) 17,230,281.39

Management
BEP

10.81 %

16.24]uw/kwh

) AuvuEamig
‘ ‘

Figure 3 Cost Model
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vegyaray version 2 %4 Institute for Global Environmental Strategies (IGES) ﬂizmﬂﬁﬁﬁu Fadads
Mﬁﬂmiﬁﬂmmﬁiwlﬁu 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume
5Waste (IPCC, 2006)
Usinamsddesfaasueulnoonlasanmsunlvivesdomadildlunisuuds annsaduam
Tneldaunis sail
Fuel (Units)

Emissions; = Energy )MJ/unit (x EF )kgCO,/MJ (1
issionsy = = (tonnes)x gy JMJ/unit (x EF )kgCO,/MJ (1)

Toefl  Emissions, fio Aedaunsyaniivdesnnsuuas Alansunsueulaeenledsesufivuds)
Fue Ao Usunaudomdmieadaililunsuudsieiiou Gns/Alansa)
Waste Ao Usnasdwadivudeiadiou Gusawiiow)
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Table 5 Monthly Greenhouse Gas Emissions from Transportation: Results Based on a Calculation

Program for Municipal Solid Waste Management Activities version 2

Parameter Unit Value
Amount of Water Hyacinth Transported Using Diesel-Powered Trucks ~ ton/month 538
Amount of Diesel Fuel Used for the Transportation of Water liter/month 97.8
Hyacinth
Amount of Greenhouse Gas Emissions from Transporting Water kgCO, e/t 0.49

Hyacinth by Diesel-Powered Trucks
Amount of Direct Greenhouse Gas Emissions from Transporting kgCO, e/t 0.49
Water Hyacinth

Total Amount of Greenhouse Gas Emissions from Transportation tCO, e/onth 0.26
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Emissions operation = (FC x NCV FF x EF CO2) + (EC x EF el) (2)
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Avoidance GHG Electricity = C Biogas XP CHa X ECH4 X —F— XE Powerplant X EF el (3)
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Table 6 Parameters for Greenhouse Gas Emission Calculations in Biogas Fermentation Processes

Parameter Unit Value
CH, g CHa/kg DW 2
Biogas Production from Water Hyacinth m?3/ton DM 592
Methane Concentration in Biogas % 60
Calorific Value of Methane MJ/m?3 37
Total Volume of Methane Gas m?3/ton 177.60
Volume of Methane Released into the
m?3 CHg/ton 1.49
Atmosphere
Volume of Methane Collected m3 CH4/ton 176.11
Energy Yield from Produced Biogas MJ/ton 6515.98
Biogas Utilization for Electrical Power
kWh/ton 633.50
Generation
Greenhouse Gas Emission Reduction from
kg CO2-eq/ton 358.56

Power Generation

Table 7 Results of Greenhouse Gas Emission Calculations from Biogas

Parameter Unit Value

Total amount of water hyacinth used for biogas ton/month 538

fermentation

Approximate moisture content of water hyacinth entering % 60

the system

Electricity kilowatt-hours/ ton 506.80

Direct greenhouse gas emissions from biogas fermentation kilograms of COp 16.80
equivalent/ton

Avoided greenhouse gas emissions from electricity kilograms of CO5 286.85

generation equivalent/ton

Avoided greenhouse gas emissions from organic waste kilograms of COp 576.19

landfilling equivalent/ton

Net greenhouse gas emissions from biogas fermentation kilograms of COp -846.24
equivalent/ton

Total greenhouse gas emission reduction from biogas kilograms of CO3 -455.28

fermentation equivalent/month

Note : A negative value indicates that the amount reduced exceeds the amount emitted

J. Sci. Innov. Sustain. Dev. (2025) Vol 7 | Issue 1 | June 2025



RESEARCH ARTICLE

Journal of Science Innovation for Sustainable Development
https.//ph01.tci-thaijo.org/index.php/|SISD/index

Table 8 Results of the calculation of net greenhouse gas emissions from biogas, using a

greenhouse gas emissions calculation program for solid waste management activities version 2

Net greenhouse
Activity Unit
gas emissions

kilograms of CO5

Transportation 0.49
equivalent/ton
kilograms of CO
Biogas fermentation 897.56-
equivalent/ton
Total greenhouse gas emission reduction from the kilograms of CO2 8970
7.07-
entire system equivalent/ton

Tons of CO, generated
Total greenhouse gas emissions per month from water hyacinth 482.62-

management per month

Note : A net negative value indicates the potential to reduce greenhouse gas emissions more than

the amount emitted

NNTEUIUNSLENAUTAE NMSHAANE 9 1UNLEBNINT I tneundnuuulsennia usensudn
fing@3n 1w (Anaerobic digestion) fUSuuNsUdesfimisaunszanans fe -482.62 duaiueulaeenlanse
Wau Na1IRe au1saannsuaseiiwisaunsyante 5,791.44 supsuaulneentenmel Weflguiunsiyiae

Wwaseaga

4. #@3UNan1sIY
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wnninszuaiuan 1 Shsmaneuuny (RR) oy 1 17% wansi1 Msasuiidnsmansuunuiigadlowioui
SnsmanauLnuiifons ?quiaqnuﬁﬁmdaumamauLmumrm’jﬁwqiw way ﬁswznaﬁunuﬁﬁwm @
A1 1.27) dumamsdinzsimesnudanndon TneUssdiuUsnaisdeunssaniiaunsoanadidainnisi
Aadinnlulgnannasnunuinainnsaannisuaseiigisaunssants 5,791.44 duarsueulaeanlanned

Wagununsidewmasaada

5. AamnssudsENA

YA o

dvveveunndinnuuImIneuiieduasun1seysnundan fvieystaunulunisiidsoyad
Tlusdded warveveunuanUavsaansdanindeulan Institute for Global Environmental Strategies
(IGES) MativayulusunsuAiuyinunsdesineseunsganaInfianssuni1sinnisuzyaday version 2
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