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Abstract 

At present, renewable energies become an interesting choice due to increasing energy 

demand whereas the fossil fuel is limited. Solar power is one of the most popular renewable power 

sources due to the abundance of solar radiation. Unfortunately, power generation by solar 

photovoltaic system varies according to environmental conditions such as temperature, light 

intensity, time of day and wind speed. Bioenergy can provide firm power to the grid (BioGrid) for 

the community. It can be generated from bio waste which is also readily available in local 

community of Thailand. Therefore, photovoltaic (PV) -bioenergy hybrid power system should be 

applied to provide firm power generation and to reduce battery storage investment. However, the 

bioenergy to grid potential and technology have not been systematically studied. In this work, 

biobased waste to energy potential and technology landscape in Thailand and the ASEAN Region 

were investigated and reported on potential, best practices and barriers.  Then, the selected 

technology, biogas, was developed as the model of waste-to-bioenergy conversion for community 

PV-BioGrid in Chiang Mai World Green City (CWGC), Chiang Mai Rajabhat University 

(CMRU), Thailand.  This work also focused on the integration of appropriate generation and 

monitoring technology for bioenergies operated with a PV power plant as a microgrid hybrid 

system for the off-grid community 

The final report outlines a comprehensive approach to the implementation of a community-

based hybrid energy system utilizing photovoltaic (PV) and biogas technologies. The project 

created an isolated community microgrid that integrated renewable energy sources, such as solar 

and biogas, with battery storage to provide reliable energy to remote areas. Key aspects include 

the use of distributed energy resources (DERs) such as PV rooftop and ground stations, 

supplemented by biogas generation from food waste, reducing dependency on traditional fossil 

fuel energy sources. 

Initial tests revealed that energy output from PV systems exceeded daily energy 

consumption, with a daily production of 163.20 kWh compared to 94.69 kWh of consumption, 

showing that the system could generate surplus energy. The limited energy contribution from 

biogas (only 4.57 kWh) was attributed to the constraints in food waste availability within the 

community. The project's findings suggest that while the biogas contribution was limited, it 

complemented the PV-battery system in certain situations. 



 iv 

This model offers a potential solution for remote communities, particularly in Thailand and 

other ASEAN countries, where extending the main electricity grid may not be cost-effective. The 

proposed microgrid system, backed by real-world testing, demonstrates the feasibility of 

community-level energy autonomy using hybrid renewable energy sources, contributing to both 

local development and sustainability goals. The report advocates for further implementation of 

such systems, with a focus on improving energy storage technologies and optimizing the balance 

between different energy sources to ensure stability and reliability. 
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1. Introduction 

As a result of the declining cost of electricity generation from PV, households and buildings 

that use electricity from the transmission line (consumers) can now produce their own electricity 

as prosumers (producers and consumers) through PV rooftops. Generating electricity for their own 

use will be cheaper than using electricity from the utility transmission line. Prosumers will be the 

end users of the final transmission line from the main grid power substation, which is called the 

community feeder. Each feeder can support the load of electricity users in the community with a 

capacity not exceeding 10 MW.  In addition to electricity generation from PV rooftops in each 

feeder, there is also electricity generation from distributed generation (DG) sources, such as PV 

ground stations and wind energy. Solar and wind energy are distributed energy resources (DERs) 

available in the load area, allowing the community to produce electricity for their own use at the 

feeder level. This leads to the concept of the microgrid system. In a microgrid system connected 

to the main grid transmission line, a battery storage system may not be necessary, as electricity 

from the transmission line can be used at night. 

Electricity generation in communities without grid access in Thailand and ASEAN 

countries before 1975 involved producing electricity independently in remote areas where 

transmission lines did not reach. In those times, only a few households capable of affording small 

1-2 kW gasoline or diesel generators could generate electricity for their own use. After 1980, 

USAID from the USA launched a project to demonstrate the use of electricity from primary 

renewable energy sources such as solar energy, hydro, wind, and biomass (National Energy Policy 

Office, 2010). This project began in Thailand, the Philippines, and Indonesia, leading to the use of 

batteries charged from village PV charging stations, which were then used at night for lighting and 

powering radios and televisions. In 2000, the governments of Thailand and Indonesia supported a 

program that provided each household with a free PV-Rooftop Standalone System. However, the 

electricity produced by these systems was insufficient to meet the growing household demand, and 

there were challenges related to maintenance and repair. 

Electricity generation through Microgrid systems has since emerged as a suitable solution 

for remote areas where energy sources from Distributed Energy Resources (DERs), particularly 

solar energy, are available throughout the community. In many remote communities, which are 

typically small and clustered, generating electricity within the community using an isolated 

microgrid system is more cost-effective than extending power lines over long distances to connect 
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with the main grid or country grid. The isolated microgrid system in these communities allows for 

electricity generation from DERs, including PV Rooftop and PV Ground Stations, which are 

connected as Distributed Generation (DG) through a microgrid to supply homes and buildings 

within the community. This system replaces the standalone electricity generation method with the 

added benefit of battery storage, providing a stable and reliable electricity supply that can operate 

continuously 24 hours a day, both day and night. The microgrid transmission lines help balance 

the dynamic load to match the PV energy output profile with the communityôs load profile at three 

levels: Peak Load, Intermediate Load, and Base Load.  

In remote areas, if electricity is generated using a microgrid that utilizes DERs from hydro 

power, biomass, and biogas which function like batteries for the isolated microgridðit is 

hypothesized that since every community consumes food daily, it is feasible to use food waste to 

generate electricity. This could be achieved through a hybrid system combining solar energy with 

biogas, creating an isolated microgrid where biogas electricity generation during base load or 

intermediate load periods helps reduce the need for expensive battery storage. 

The Asian Development College for Community Economy and Technology (adiCET) 

proposed testing an isolated hybrid solar-biogas microgrid, termed Isolate Community PV/Biogas 

Microgrid, as a method of generating electricity within the community. The project was supported 

by HNEI, University of Hawaii.  This proposed system was evaluated for the suitability as 

Community Microgrid Model that can be applied as an implementation strategy in Thailand and 

ASEAN countries. 

The objectives of this work were as follows: 

1) To determine bio-based waste to energy potential and technology landscape in 

Thailand and the ASEAN Region  

2) To evaluate appropriate and robust technology in waste-to-bioenergy conversion 

for community BioGrid  

3) To develop monitoring system of waste-to-bioenergy conversion for PV-BioGrid  
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2. Literature review 

The main principles of the Microgrid for the operational application of the Isolate 

Community PV/Biogas Microgrid are as follows: 

 

2.1 Microgrid Infrastructure 

Microgrid Infrastructure is a transmission system with Third Party Access (TPA), involving 

third-party participation individuals or private entities who engage in the power industry as any of 

the four roles: Producer, Consumer, Prosumer (both consume and produce electricity), or generator 

of distributed energy resources (DERs) within the same area as the Microgrid. The main 

components of the Microgrid infrastructure include five parts: 

1) Distributed Energy Resources (DERs): These are decentralized energy sources, such 

as solar and wind energy, which are clean and available throughout the Microgridôs 

transmission lines. This decentralization allows electricity generation from PV and 

Wind Turbines with DERs located at the same site as the generation source, ensuring 

low marginal costs and no energy loss in transmission. 

2) Energy Storage System (ESS): Energy storage is a crucial part of the Microgrid 

infrastructure because it stabilizes electricity generated from DERs, ensuring a reliable 

two-way power flow. It also enables load shifting, providing flexibility in energy 

management and allowing Prosumers to exchange energy in both Peer-to-Peer and Grid 

Aggregator modes. Advances in Solid State Battery technology, combined with 

decreasing costs, are accelerating the adoption of Microgrid systems. 

3) Microgrid Controller : This controller manages the use of DERs with Information 

and Communications Technologies (ICT), using weather forecasts to manage Demand 

Response (DR) within the Microgrid. Excess electricity is supplied to the Main Grid. 

The intelligent system manages load shifting, load shedding and controls load status 

using Hierarchical Microgrid Control (HMC), and includes safety protection for 

emergencies. In case of a Microgrid shortage, backup power can be provided from 

Mobile Battery Containers, and the system displays the complete status of the 

Microgrid. 

4) Interconnection to Main Grid System: This involves connecting the Microgrid to the 

Main Grid utility distribution system. There are two scenarios: (1) The Microgrid acts 
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as a Virtual Power Plant (VPP) and sells excess electricity to the Main Grid, requiring 

stability through Battery Containers, and (2) Electricity trading between the Microgrid 

and Main Grid, which must adhere to the Grid Code standards set by the International 

Electrotechnical Commission (IEC). 

5) Load: It is essential to verify the load profile of buildings, as effective energy 

management from DERs (such as Solar Energy) requires load shifting to maintain a 

balanced Base Load. The HMC system manages the load according to Critical Load 

priorities, such as: (1) All Year Day Time Load for commercial buildings, industrial 

estates, and healthcare facilities with consistent daytime loads throughout the year, (2) 

Small and Medium Enterprises and Residential Load for homes and small to medium-

sized industries with loads during both day and night throughout the year, (3) Day Time 

Office Load mainly for office buildings with daytime loads, particularly on working 

days, and (4) Residents of Working Families Load for households with loads during the 

morning, evening, and night throughout the year. 

 

 
 

Figure 1 Microgrid Infrastructure 

Source: The Energy Group (n.d.) 
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2.2 Category of Microgrid 

1) Non-Isolate Microgrid System: This type of Microgrid is a low-voltage distribution 

system (Feeder) that connects to the Main Grid, supplying electricity to the community's 

end users using DERs for PV systems, wind power, and households as Prosumers. It 

includes energy storage devices (Battery Energy Storage) and Electric Vehicles (EVs), 

which function as both Load and Generation. Prosumers exchange electricity in Peer-

to-Peer mode, as well as between the Microgrid and Main Grid in a Prosumer Microgrid. 

The Non-Isolate Microgrid operates in two modes: Grid Connected Mode and Island 

Mode. In case of power failure, the system manages energy through Demand Response 

(DR) by load shedding according to the Critical Load hierarchy using Hierarchical 

Microgrid Control (HMC) for the Microgrid transmission system and the centralized 

Main Grid. 

 

 

 

Figure 2 Diagram of non-isolate microgrid system 

 

2) Isolate Microgrid System: This is an independent Microgrid system that is not 

connected to the Main Grid. It is suitable for communities clustered together, known as 

Cluster Villages. In this system, Prosumers within the community can trade electricity 

through the Community Microgrid transmission system. It includes DERs, energy 

storage devices (Battery Storage), and EVs, which serve as both Load and Generation. 

Prosumers exchange energy in Peer-to-Peer mode, including home-to-home (H2H), 

vehicle-to-vehicle (V2V), home-to-vehicle (H2V), vehicle-to-home (V2H), and within 
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the Microgrid via Grid Aggregator using home-to-grid (H2G), grid-to-home (G2H), 

vehicle-to-grid) V2G, and grid-to-vehicle (G2V) modes. Energy is managed through 

Demand Response (DR) with load management based on the Critical Load hierarchy 

using HMC. In emergencies, a Mobile Battery Container can supply power to the 

Central Battery Storage. 

 

 

 

Figure 3 Diagram of isolate microgrid system 

 

2.3 Feeder Microgrid Levels 

 Feeder microgrid can be divided into 3 levels as follows: 

1) Single User Microgrid: Based on PV-Rooftop Prosumers. 

2) Partial Feeder Microgrid : Requires Battery Storage or EVs that enable Two-Way 

Power Flow for load balancing within the Microgrid, ensuring Microgrid stability and 

security. 

3) Full Feeder Microgrid : Involves a feeder with Microgrid infrastructure, including 

Distributed Generation (DG), Load, and Node, serving as communication controllers 

and monitoring systems. 
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2.4 Microgrid Configuration and Energy Management System 

 

 

 

Figure 4 Microgrid Configuration for Energy Management 

Source: Encyclopedia MDPI (n.d.) 

 

Microgrid Configuration  consists of three main components: DG (Distributed 

Generation), Node, and Load. The operation of these components within the Microgrid must be 

managed by an Energy Management System (EMS) with Smart Automation. The following are 

key considerations: 

1) Managing DG (Distributed Generation): This involves DERs such as Solar and Wind 

energy, which vary according to weather conditions, and the integration of energy 

storage systems, including Central Battery and EV systems. 

2) Managing Load: Involves dynamic loads such as Prosumers or EVs, with responsive 

management through Demand Response (DR). 

3) Power Transmission via Nodes: Involves managing the distribution of power to End 

Users, integrating Power, ICT systems, Resiliency Application Software, and Power 

Ledger transactions for both Generation and Load. 

 

2.5 Microgrid AC BUS and DC BUS Power Flow System 

Microgrid Configuration involves three main components: DG, Node, and Load. Both DG 

and Load consist of electricity generation and electrical appliances that operate on both AC and 

DC currents. Therefore, the Single Line Circuit of Power Flow in the Microgrid System can be 

managed with AC BUS and DC BUS, along with the control of Single Line Power Flow roles via 
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various nodes using IT Communication Signals. There are three types of Single Line Circuits of 

Power Flow in Microgrid Systems: 

 

 

 

Figure 5 AC Microgrid 

Source: Eluri & Naik (2021) 

 

1) AC Microgrid: Transmits electrical energy via AC BUS to the Load, with a Converter 

that converts electricity from DERs like PV Systems and Wind Power. The system 

includes energy storage devices (Battery Storage) and EVs, which serve as both Load 

and Generation. Prosumers exchange electricity in Peer-to-Peer mode and Prosumer 

Microgrid (PM) between the Microgrid and Main Grid. When the Microgrid operates in 

Island Mode, the Demand Response system will manage load prioritization using 

Hierarchical Microgrid Control (HMC) by load shedding from AC Bus 3 circuits down 

to AC Bus 1 for Critical Loads such as hospitals and industrial plants. 
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Figure 6 DC Microgrid 

Source: Vasantharaj et al. (2021) 

 

2) DC Microgrid: Transmits electrical energy via DC BUS to the Load, with a Converter 

that converts electricity from DERs. The system includes energy storage devices like 

Battery Storage and EVs. Prosumers exchange electricity in modes such as H2H, V2V, 

H2V, V2H, and PM between the Microgrid and Main Grid. When the Microgrid operates 

in Island Mode, the Demand Response system will manage load prioritization using 

HMC by shedding load DC Bus 2 circuits down to DC Bus 1 for Critical Loads such as 

hospitals, schools, and office buildings. 
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Figure 7 AC-DC Microgrid 

Source: Monsalve-Rueda et al. (2024) 

 

3) AC-DC Microgrid: Transmits electrical energy using a hybrid system of AC BUS and 

DC BUS to the Load, with a Converter that converts electricity from DERs. The system 

includes energy storage devices (Battery Storage) and EVs, which serve as both Load 

and Generation. Prosumers exchange electricity in Peer-to-Peer mode between H2H, 

V2V, H2V, and V2H between the Microgrid and Main Grid. When the Microgrid 

operates in Island Mode, the Demand Response system will manage load prioritization 

using HMC, starting by shedding DC BUS circuits until only AC BUS circuits remain 

for Critical Loads such as hospitals, schools, and office buildings. 
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3. Methodology 

The main objective of this work is to develop the model of waste-to-bioenergy conversion 

for firm power generation of community PV-BioGrid. The research methodology for this work is 

as follows:  

 

3.1 Determination of waste to energy potential landscape in Thailand 

Waste may include but not limited to cooking oil, plant oil, wood scrap, yard waste, crop 

residue, liquid manure, food waste and waste paper will be evaluated for their bioenergy potential 

in Thailand. 

 

3.2 Exploration and evaluation of appropriate and robust technology in waste-to-bioenergy 

conversion for BioGrid 

The appropriate and robust technology for the conversion of bioenergy to electricity grid 

was explored from literature survey, brainstorming from international workshop, and site visits in 

Thailand and ASEAN Region. Technologies including but not limited to biomass gasification, 

anaerobic digestion, and thermal conversion with power generator were focused. One or more 

appropriate technology was selected based on technical, economic and environmental feasibility. 

The selected technology was designed, built and/or procured and evaluated with the existing 

microgrid system in CWGC. 

 

3.3 Development of monitoring system of waste-to-bioenergy conversion for community PV-

BioGrid  

Monitoring system was designed for data collection and system operation. The system 

provided real-time monitoring via internet connection. Monitoring system components comprised 

with electrical parameters, environmental parameters, system controller, data backup unit, and 

communication module. Web application was developed to run on the local server. Therefore, 

client could access the data via web browser such as Internet Explorer, Google Chrome or  Firefox 

in real-time.  
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For the PV-BioGrid, power generation, power storage and loads were monitored and 

evaluated. The obtained data could be used to discover an appropriate and stable distributed 

generation for the community power in the future.  

 

4. Waste to bioenergy potential landscape in Thailand and bioenergy outlook 

in ASEAN 

Thailand is facing mounting challenges in waste management and energy security as rapid 

urbanization, population growth, and industrialization continue to increase the volume of 

municipal solid waste and energy demand. To address these issues, the country has turned to 

waste-to-energy (WtE) as a strategic solution that simultaneously supports environmental 

sustainability and renewable energy generation.  

 

4.1 Waste in Thailand 

Thailand's waste-to-energy (WtE) sector has emerged as a pivotal component in the nation's 

strategy to manage municipal solid waste (MSW) and transition toward sustainable energy 

solutions. With the country's rapid urbanization and industrial growth, the generation of MSW has 

escalated, necessitating innovative approaches like WtE to address both waste management and 

energy production challenges. 

 

4.1.1 Solid waste 

Solid waste generated daily from sources such as households, commercial buildings, 

government buildings, markets, and others in Thailand is often not managed or separated properly. 

This presents one of the key challenges in current community waste management. Various factors 

influence the characteristics and composition of municipal solid waste, including geographical 

features, seasonal variations, types of activities, and the context of the specific city or community. 

Improving the community waste management system requires studying and analyzing the 

quantity, generation rate, and composition of solid waste at each source to develop effective 

solutions. In urban areas, residential buildings (such as houses, apartments, condominiums, etc.) 

are the primary sources of municipal solid waste, followed by commercial buildings (such as 

hotels, restaurants, markets, offices, shopping malls, banks, etc.), and government buildings (such 

as government offices, religious sites, prisons, schools, universities, etc.). The composition of 
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municipal solid waste from these types of buildings is generally similar, though the proportions 

vary depending on the activities conducted. 

The average composition of solid waste at waste disposal sites across the country, as 

reported by the 1st to 16th Regional Environmental and Pollution Control Offices, Chulalongkorn 

University Academic Service Center, Bangkok, and The Joint Graduate School of Energy and 

Environment (JGSEE), was calculated for the year 2021. The composition was determined by 

comparing the amount of waste entering each disposal site using a specified formula. The findings 

can be summarized as follows: 

1) Food waste remains the most prevalent component, making up approximately 38.76% 

of the total waste. 

2) Plastic waste is the second most common component, accounting for about 28.13%. 

3) Yard waste, including leaves and tree trimmings, constitutes approximately 9.08%. 

4) Paper waste is the fourth most common component, at around 6.27%. 

5) Other waste types found in smaller proportions include glass (3.95%), diapers (3.66%), 

other materials (2.53%), metal (1.56%), and the least common, hazardous community 

waste (0.23%). 

 
 

Figure 8 Average composition of solid waste in Thailand 

Source: Chulalongkorn University Academic Service Center, Bangkok, and The Joint Graduate 

School of Energy and Environment (JGSEE) 
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4.1.2 Liquid waste 

Thailand has been actively exploring the energy potential of liquid waste streamsð

including used cooking oil, plant oil, and food wasteðas part of its broader push toward renewable 

energy and sustainable waste management. These waste types can be converted into energy not 

only in the form of liquid biofuels but also through processes that generate electricity, offering 

dual environmental and energy benefits. 

Used cooking oil (UCO) and plant oils such as palm oil are extensively used in biodiesel 

production, which can be utilized in diesel generators to produce electricity. In rural and off-grid 

communities, small-scale generators fueled by locally processed biodiesel are a practical 

alternative to grid power, enhancing energy access and supporting agricultural processing 

(Phewphong et al., 2023). In addition to transportation fuel, the application of biodiesel in 

combined heat and power (CHP) systems allows efficient conversion of liquid biofuels into 

electricity and thermal energy. Thailandôs National Renewable Energy Plan encourages the 

blending of biodiesel into the national fuel mix. Surplus biodiesel not used in transportation can 

be redirected toward electricity production in decentralized energy systems (International Trade 

Administration, 2023). 

Food waste offers considerable potential for electricity generation through anaerobic 

digestion, a biological process that breaks down organic waste in the absence of oxygen to produce 

biogasða mixture primarily composed of methane and carbon dioxide. The methane-rich biogas 

can be captured and used in gas engines or turbines to produce electricity for local use or export 

to the grid. According to Peerapong et al. (2016), Thailand has increasingly adopted anaerobic 

digestion systems in both municipal and agricultural settings, especially in hotels, markets, and 

agro-industrial zones. Biogas from food waste has been successfully utilized in co-generation 

(CHP) plants to supply both power and heat to nearby facilities, improving energy efficiency and 

reducing waste disposal volumes. 

Thailandôs feed-in tariff (FiT) program provides attractive purchase prices for electricity 

generated from biogas and biodiesel, encouraging investment in waste-to-electricity systems. In 

many cases, food waste and UCO are collected and processed by energy cooperatives or SMEs 

under public-private partnership models supported by local government incentives (ASEAN 

Centre for Energy, 2021). These electricity generation systems contribute not only to waste volume 

reduction and pollution mitigation but also to energy diversification and rural development. In 
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urban areas, integrating food waste-to-energy plants with smart grid systems presents opportunities 

for sustainable city development. 

Thailandôs liquid waste resourcesðespecially used cooking oil, plant oils, and food 

wasteðoffer robust potential for electricity generation. Through biodiesel-powered generators and 

biogas-fueled engines, these waste types can be transformed into clean energy for households, 

industries, and agricultural operations. Scaling up these solutions under Thailandôs renewable 

energy policies can enhance energy security, support low-carbon development, and provide 

inclusive energy access across urban and rural areas. 

4.1.3 Waste-to-energy in Thailand 

The composition of waste is a critical factor that affects the efficiency of waste 

management in each area. For example, if the waste stream contains a high proportion of 

biodegradable materials, it would be suitable for composting, anaerobic digestion, or incineration. 

Additionally, evaluating the potential for greenhouse gas emissions from the waste sector 

(municipal solid waste) is important because these emissions contribute to climate change. 

Methane, a significant greenhouse gas, is primarily released during the decomposition of organic 

matter in solid waste. It has been found that waste disposal methods such as open dumping and 

landfilling are the third largest source of methane emissions from human activities. Therefore, 

analyzing waste composition provides valuable data for sorting and recycling solid waste, which 

can help reduce greenhouse gas emissions and mitigate environmental impacts in the future. 

Thailand's waste-to-energy (WtE) sector has emerged as a pivotal component in the 

nation's strategy to manage municipal solid waste (MSW) and transition toward sustainable energy 

solutions. With the country's rapid urbanization and industrial growth, the generation of MSW has 

escalated, necessitating innovative approaches like WtE to address both waste management and 

energy production challenges. The Thai government has recognized the potential of WtE 

technologies and has incorporated them into national energy policies. The Alternative Energy 

Development Plan (AEDP) 2018ï2037 aims to increase electricity generation from waste by 400 

MW between 2025 and 2026, reflecting a significant commitment to expanding WtE capacity 

(ASEAN Centre for Energy, 2021). This initiative aligns with Thailand's broader goals of 

enhancing energy security and reducing greenhouse gas emissions. 
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Despite these ambitions, the WtE sector in Thailand faces several challenges. A study by 

Jaisue, Ketjoy, Kaewpanha, and Thanarak (2023) identified key barriers to WtE project 

development, including insufficient waste supply and inadequate waste management planning. 

These issues often lead to underutilization of WtE facilities and financial inefficiencies. Moreover, 

public opposition due to environmental and health concerns has hindered the progress of some 

projects (Wachpanich & Coca, 2022). 

To overcome these obstacles, Thailand is exploring various WtE technologies, such as 

incineration, anaerobic digestion, and gasification, tailored to local conditions and waste 

compositions (Wangya, n.d.). The government is also promoting community-based waste 

management practices to ensure a consistent and quality feedstock for WtE facilities. In 

conclusion, while Thailand's WtE sector holds significant promise for sustainable waste 

management and energy production, addressing the existing challenges through comprehensive 

planning, public engagement, and technological adaptation is crucial for its success. 
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4.2 ASEAN Bioenergy Outlook  

The ASEAN region presents substantial potential for biofuel development, supported by 

growing energy demand, abundant agricultural resources, and supportive regional frameworks. 

As outlined in the 8th ASEAN Energy Outlook (AEO8), biofuels currently play a critical role in 

the regionôs efforts to decarbonize the transport sector, particularly in member states such as 

Thailand, Indonesia, Malaysia, and the Philippines, which already have biofuel mandates in 

place (ASEAN Centre for Energy, 2024). 

4.2.1 Thailand 

Thailand has been a frontrunner in ASEAN in promoting alternative energy development 

via government policies and investment incentives. Thailandôs solar capacity makes up 60% of the 

total installed capacity for ASEAN, while the country also has the largest share of bioenergy 

compared to all ASEAN states for industrial and transportation purposes. According to the 

Department of Alternative Energy Development and Efficiency (DEDE), from January to October 

2024, Thailand's final energy consumption totaled 69,042 kilotons of oil equivalent (ktoe). Of this 

amount, refined oil products accounted for 33,999 ktoe (49.3%), while renewable energy sources, 

including biofuels, contributed 5,167 ktoe (7.5%) (DEDE, 2024). Despite gradual increases in 

biofuel use, their share remains modest in comparison to oil. Nonetheless, the Thai government 

continues to promote biofuels as a strategic component in reducing greenhouse gas emissions and 

progressing toward its carbon neutrality goal by 2050 (DEDE, 2024).  

The Department of Alternative Energy Development and Efficiency (DEDE) released a 

draft of Thailandôs Alternative Energy Development Plan 2024ï2037 (AEDP 2024) for public 

consultation in June 2024, outlining targets such as increasing the share of renewable energy in 

final energy consumption to 36% by 2037, up from 30% in the previous plan. The draft of AEDP 

2024 highlights a strategic shift in the countryôs biofuels policy, emphasizing both current 

adjustments and future opportunities. One key initiative is the transition to E20 as the primary 

gasoline blend by phasing out E10 and E85 between 2023 and 2027, leveraging the fact that most 

vehicles manufactured in Thailand since 2008 are already E20-compatible (Foreign Agricultural 

Service [FAS], 2024). On the biodiesel front, the plan reduces the consumption target to 900 

million liters by 2037ðdown from 1,570 million liters in the previous draftðdue to concerns over 

palm oil price volatility, limited supply, and the economic feasibility of higher biodiesel blends 

like B10 (FAS, 2024). Importantly, AEDP 2024 introduces sustainable aviation fuel (SAF) with a 



 18 

planned 1% blending mandate by 2026, rising to 8% by 2036. Initial SAF production will focus 

on used cooking oil, with potential expansion into ethanol-based alcohol-to-jet (AtJ) technology 

(Advanced Biofuels USA, 2024a). This creates significant opportunities for Thailand to position 

itself as a regional SAF hub, particularly in the Eastern Economic Corridor (EEC), where refining 

infrastructure is already in place (Sugar Asia, 2024). Additionally, the government has extended 

biofuel subsidies until September 2026 to support the sector in light of challenges such as rising 

feedstock costs and growing competition from electric vehicles (S&P Global, 2024). 

The draft of AEDP 2024 sets specific targets for biomass and biogas as part of the countryôs 

broader renewable energy strategy. By 2037, the plan aims for 5,490 megawatts (MW) of installed 

biomass capacity, equivalent to 2,252 kilotons of oil equivalent (ktoe) in electricity generation, and 

1,681 MW of biogas capacity from wastewater and energy crops, contributing 697 ktoe (EGNRET, 

2024a). While these targets highlight a commitment to utilizing agricultural residues and organic 

waste, industry stakeholders such as the Federation of Thai Industries (FTI) have raised concerns 

that the plan may not fully capitalize on the potential of these resources. They advocate for 

maintaining or even expanding the role of biomass and biogas to enhance energy security and 

support rural income (Bangkok Post, 2024). Additionally, AEDP 2024 underscores the importance 

of these energy sources in achieving carbon neutrality by 2050, recognizing their contribution to 

emissions reduction and sustainable development (Nation Thailand, 2024). 

4.2.2 Indonesia 

Indonesia holds substantial potential for biofuel development, underpinned by its rich 

natural resourcesðparticularly palm oil and other biomass feedstocks. The government continues 

to support the sector through its mandatory biodiesel blending program, which currently mandates 

a B35 blend (35% palm-based biodiesel), with a planned increase to B40 in the near future 

(Ministry of Energy and Mineral Resources [MEMR], 2024). This initiative aims to reduce 

reliance on imported fossil fuels, stabilize crude palm oil (CPO) prices, and bolster rural economies 

(Indonesian Coordinating Ministry for Economic Affairs, 2023). To diversify feedstock sources, 

the government is also promoting bioethanol production from crops such as sugarcane, cassava, 

and corn, with pilot projects exploring E5 and E10 gasoline blends (International Energy Agency 

[IEA], 2024). 

Recent regulatory advancementsðincluding Presidential Regulation No. 112/2022 and 

MEMR Regulation No. 5/2025ðhave opened new avenues for private sector investment by 
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introducing structured ceiling tariffs, more flexible Power Purchase Agreements (PPAs), and 

mechanisms for sharing environmental attributes such as carbon credits (Ashurst, 2025). These 

reforms are designed to de-risk renewable energy investments, including bioenergy. Furthermore, 

with growing international demand for sustainable aviation fuel (SAF) and green diesel, Indonesia 

is positioning itself to expand its biofuel offerings beyond traditional transport use (IEA, 2024). 

However, to fully unlock this potential, key challenges must be addressedðsuch as feedstock 

sustainability, infrastructure limitations, and the need for improved coordination among regulatory 

bodies (World Bank, 2023). 

Indonesiaôs National Energy Policy (NEP) targets a 23% share of New and Renewable 

Energy (NRE) in the national energy mix by 2025, rising to 31% by 2050 (Government of 

Indonesia, 2017). As of early 2025, installed renewable energy capacity stands at approximately 

13.2 GW, with hydro contributing around 50%, geothermal 28%, bioenergy 17%, and solar and 

wind collectively accounting for 5% (Ministry of Energy and Mineral Resources (MEMR), 2025). 

Despite some progress, the renewable rollout remains below target, with PLNðthe state electricity 

utilityðadding only 300ï400 MW of RE capacity annually over the past three years (PLN, 2024). 

Although the Electricity Supply Business Plan (RUPTL) signals increasing support for 

renewables, fossil fuels still dominate near-term planning. Nonetheless, initiatives like the Just 

Energy Transition Partnership (JETP) are helping to accelerate decarbonization efforts and shift 

the focus toward cleaner energy sources (JETP Secretariat, 2023). 

In parallel with these shifts, the replacement of a traditional feed-in tariff with a ceiling 

tariff mechanism underlines a strategic pivot in policy. Presidential Regulation No. 112/2022 and 

MEMR Regulation No. 5/2025 define ceiling prices for different renewable technologies based on 

type and location, providing pricing certainty to developers (Ashurst, 2025). These rules also 

clarify terms for PPAs, allow for Build-Own-Operate (BOO) models, and support flexible 

arrangements for the ownership and trade of environmental credits. These enhancements are 

improving the investment climate, but further effortsðsuch as simplifying permitting, 

modernizing the grid, and ensuring cross-agency alignmentðare vital to meet Indonesiaôs 

renewable energy and climate goals (World Bank, 2023). 

 

4.2.3 Malaysia 
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Malaysia has set a target to achieve a 31% share of renewable energy (RE) in its national 

installed capacity mix by 2025, as outlined in the Malaysia Renewable Energy Roadmap (MyRER) 

(Sustainable Energy Development Authority [SEDA], 2021). To support this goal, the government 

has implemented various initiatives, including the Net Energy Metering (NEM) 3.0 program, 

which allows consumers to install solar photovoltaic (PV) systems and offset excess energy 

generated against their electricity consumption (Sustainable Energy Development Authority 

[SEDA], 2025). The NEM 3.0 program, effective from 2021 to 2025, has been well-received, with 

substantial uptake in residential and commercial sectors (Sustainable Energy Development 

Authority [SEDA], 2025). 

In addition to solar energy, Malaysia is focusing on biofuel development as part of its 

renewable energy strategy. The National Biofuel Policy (NBP), introduced in 2006, aims to 

promote the use of palm-based biodiesel to reduce greenhouse gas emissions and dependence on 

fossil fuels (U.S. Department of Agriculture [USDA], 2024). As of 2024, the government has 

implemented a B20 biodiesel program, mandating a 20% blend of palm methyl ester with 

petroleum diesel in the transportation sector, with plans to expand to B30 by 2025 (Reuters, 2024). 

Furthermore, the National Biomass Action Plan 2023ï2030 outlines strategies to harness biomass 

resources, such as agricultural residues, for energy production, contributing to Malaysia's energy 

security and rural economic development (Ministry of Plantation and Commodities, 2023). 

These initiatives, coupled with supportive policies and regulatory frameworks, present 

significant opportunities for private sector investment in Malaysia's renewable energy sector, 

particularly in biofuels. However, challenges such as infrastructure development, feedstock 

sustainability, and policy consistency need to be addressed to fully realize the potential of biofuel 

development in the country. 

4.2.4 Singapore 

Singapore continues to prioritize solar photovoltaic (PV) energy as its primary renewable 

energy (RE) source, capitalizing on its high average annual solar irradiance of about 1,500 

kWh/m². However, land scarcity, urban shading, and cloud cover pose challenges to large-scale 

deployment. To overcome these limitations, the government has introduced innovative solutions 

such as rooftop solar on public housing and floating solar farms on reservoirs. Singapore met its 

interim 350 megawatt-peak (MWp) solar target in 2020 and now aims to achieve 2 gigawatt-peak 
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(GWp) by 2030 through expanded solar adoption across government and industrial buildings 

(Energy Market Authority [EMA], 2020). 

Beyond solar, Singapore is increasingly exploring bioenergy options, including biofuels, 

biomass, and biogas. The Maritime and Port Authority (MPA) has authorized licensed suppliers 

to distribute marine biofuels at the Port of Singapore under strict quality and documentation 

standards, supporting decarbonization in the shipping sector (Maritime and Port Authority of 

Singapore, 2025). In the aviation industry, Singapore plans to implement a sustainable aviation 

fuel (SAF) mandate beginning in 2026, requiring all departing flights to use SAF blendsða move 

intended to drive demand and position Singapore as a regional SAF hub (Voegele, 2024). 

Significant opportunities also exist in biomass and biogas development. The upcoming 

Tuas Nexus Integrated Waste Management Facility, expected to begin operations in 2025, will co-

digest food waste and used water sludge to produce biogas for power generation. This project 

represents Singaporeôs first large-scale circular economy model in waste-to-energy infrastructure 

and will help offset grid demand while enhancing energy resilience (National Environment 

Agency [NEA], 2024). Additionally, the government is examining broader uses of biomass 

resources such as horticultural waste and wood chips for industrial energy applications, aligning 

with the nationôs push to reduce landfill use and increase waste valorization (Straits Times, 2025). 

Together, these efforts highlight Singaporeôs multifaceted strategy for a low-carbon future by 

complementing solar development with expanded investments in biofuels, biogas, and biomassð

all aimed at meeting its net-zero emissions goal by 2050. 

4.2.5 Vietnam 

Vietnam's renewable energy (RE) landscape continues to be dominated by hydroelectric 

power, followed by wind and biomass sources. Despite increased investments in the RE sector, 

investors face challenges such as limited access to capital, low feed-in tariffs (FiTs), high 

investment costs for emerging technologies, a shortage of qualified human resources, and 

underdeveloped supporting industries (Vietnam Investment Review, 2023). To attract foreign 

investment, the government permits 100% foreign ownership in energy-related companies. 

However, abrupt policy shifts, particularly concerning FiTs, have raised concerns among investors, 

potentially jeopardizing over $13 billion in solar and wind investments (Reuters, 2025).  

In response to these challenges, Vietnam is exploring opportunities in biofuel development. 

On December 26, 2024, the Ministry of Industry and Trade (MOIT) issued Directive 16 to promote 
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biofuel usage, emphasizing the need for competitive pricing mechanisms for bioethanol-blended 

gasoline (E5 RON92) and revising the bioethanol blending roadmap (U.S. Department of 

Agriculture [USDA], 2025). The directive also encourages collaboration among government 

agencies, petroleum associations, and ethanol producers to enhance biofuel adoption. Additionally, 

Vietnam has reduced the Most-Favored-Nation (MFN) tariff rate on ethanol from 15% to 10%, 

aiming to boost biofuel competitiveness and attract foreign investment (U.S. Grains Council, 

2023). 

Vietnam's abundant agricultural resources, including cassava, coconut, sesame, peanut, 

flax, and jatropha, present significant potential for biofuel production (Advanced Biofuels USA, 

2024b). The government is focusing on producing 'green gasoline' from these feedstocks to reduce 

reliance on fossil fuels and enhance energy security. Furthermore, Vietnam is collaborating with 

international partners, such as the U.S. Grains Council, to develop a comprehensive biofuels 

roadmap, aiming to expand the biofuel market and integrate it into the national energy strategy 

(Quantum Commodity Intelligence, 2024). 

4.2.6 Brunei 

As of 2025, Brunei Darussalam is continuing its efforts to diversify its energy portfolio and 

reduce reliance on oil and gas. The country has revised its renewable energy (RE) target upward 

to achieve 30% of total electricity generation from RE sources by 2035, compared to the initial 

10% outlined in the 2014 Energy White Paper (Energy Department, 2014; ERIA, 2023). Solar 

power remains the most feasible RE option for Brunei, with current capacity led by the Tenaga 

Suria Brunei (TSB) Photovoltaic Demonstration Project, and expansion plans underway to support 

the national RE target (ERIA, 2023). Policy frameworks such as net-metering schemes and 

incentives for private-sector participation are being developed to attract investment and support 

solar and alternative renewable energy initiatives (ASEAN Centre for Energy, 2024). 

In addition to solar, Brunei is exploring the development of biofuels and bioenergy as part 

of its broader decarbonization efforts. A key milestone was the memorandum of understanding 

signed between the Brunei Economic Development Board (BEDB) and HDZ Biodiesel 

Corporation Sdn Bhd to develop biodiesel and glycerin production facilities in the country, 

supporting energy diversification and industrial growth (EGNRET, 2024b). Furthermore, Bruneiôs 

National Climate Change Policy (BNCCP) encourages renewable energy innovation and 
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deployment, including financial support mechanisms to spur research and commercial-scale 

investment in bioenergy technologies (Brunei National Climate Change Policy, 2020). 

Brunei possesses a variety of agro-industrial biomass residuesðsuch as rice husk, sawdust, 

maize fiber, coconut fiber, and palm oil wasteðthat offer significant potential for energy recovery 

and use in biofuel or biogas production (ASEAN Centre for Energy, 2024). With strategic policy 

implementation, private-sector engagement, and supportive financing structures, Brunei has the 

opportunity to scale up biofuel and biomass projects, thereby contributing to energy security and 

climate goals. 

4.2.7 Philippines 

The Philippines has made significant strides in renewable energy (RE) development, 

aiming to achieve a 35% RE share in the power generation mix by 2030 and over 50% by 2040 

(WWF Philippines, 2024). The country added a record 794.34 MW of RE capacity in 2024, 

surpassing the combined installations from 2021 to 2023 (Reccessary, 2024). The current RE 

capacity mix includes geothermal (1,952 MW), solar (1,637.9 MW), wind (442.9 MW), hydro 

(1,136.2 MW), and biomass (591.8 MW) (Department of Energy [DOE], Philippines, 2024a).  

The Renewable Energy Act of 2008 (Republic Act No. 9513) continues to serve as the 

cornerstone of the country's RE policy, providing incentives such as tax benefits and feed-in tariffs 

(FiTs) to promote RE projects (DOE, Philippines, 2024a). In 2024, the Department of Energy 

(DOE) issued Revised Omnibus Guidelines to streamline the award and administration of RE 

contracts, removing nationality restrictions and allowing 100% foreign ownership in RE projects 

(Global Compliance News, 2024). 

In the biofuel sector, the DOE mandated an increase in the biodiesel blend from 2% to 3% 

starting October 2024, with plans to raise it to 4% by October 2025 and 5% by October 2026 

(DOE, Philippines, 2024b). This policy is expected to boost demand for coconut methyl ester 

(CME), benefiting coconut farmers and biodiesel producers. Additionally, the DOE is considering 

raising the ethanol blend in gasoline from 10% to 20% to reduce pump prices and enhance energy 

security (DOE, Philippines, 2024b). These developments indicate a robust policy environment and 

growing opportunities for biofuel development in the Philippines, supporting energy security, rural 

livelihood improvement, and the countryôs climate change mitigation goals. 

 

4.2.8 Myanmar 
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Myanmar continues to pursue renewable energy (RE) development, guided by the 

Myanmar Energy Master Plan (2015), which projects a power generation mix by 2030 comprising 

57% hydropower, 30% coal, 8% natural gas, and 5% from solar and wind sources (International 

Energy Agency [IEA], n.d.). The country's RE targets include achieving 11% (2,000 MW) of new 

renewable energy capacity by 2030, with a conditional goal of 17% (3,070 MW) contingent upon 

international support (IEA, n.d.). Despite possessing an estimated 27 GW of solar potential, 

Myanmar has only recently begun to harness this resource. A notable development is the 150 MW 

solar project agreement signed in 2025, aiming to alleviate chronic power shortages and diversify 

the energy mix (PVKnowHow, 2025). 

In the realm of biofuels, Myanmar has recognized the potential of its agricultural sector. 

The government-initiated policies in 2008 to allow private, state, and cooperative entities to 

produce and procure biofuels, including bioethanol and biodiesel. Commercial bioethanol 

production commenced the same year, primarily utilizing sugarcane, with several large ethanol 

plants established (ASEAN Cassava, 2024). Additionally, the National Energy Policy emphasizes 

the promotion of bioenergy sources such as biomass, biogas, biodiesel, and bioethanol, particularly 

in rural areas, to enhance energy access and support sustainable development (Asia Pacific Energy 

Portal, n.d.). These initiatives indicate Myanmar's commitment to expanding its renewable energy 

portfolio, including biofuels, to achieve energy security, economic growth, and environmental 

sustainability. 

4.2.9 Lao PDR 

The Lao People's Democratic Republic (Lao PDR) continues to advance its renewable 

energy (RE) development under the guidance of its Renewable Energy Development Strategy 

established in 2011. This strategy sets a national target to increase the share of RE to 30% of total 

energy consumption by 2025, including substituting 10% of transport fuel with biofuels (Ministry 

of Energy and Mines, Lao PDR, 2011). Hydropower currently accounts for approximately 99% of 

the countryôs RE mix, and between 2014 and 2019, the installed RE capacity increased by 83%, 

with solar capacity experiencing significant growthðalbeit still contributing minimally to the total 

energy portfolio (International Energy Agency [IEA], n.d.).  

To diversify its energy sources and reduce reliance on hydropower, Laos has introduced 

policy incentives and investment frameworks to support biofuel development. These include tax 

holidays, import duty exemptions on machinery and raw materials, and subsidies on production 
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costs depending on fuel type and implementation phase (Ministry of Energy and Mines, Lao PDR, 

2011). In a key milestone, the Lao State Fuel Company signed an agreement in 2022 with GAIA 

Petro Co., Ltd. to develop domestic bio-oil production, targeting an initial output of 10 million 

liters per month, with planned annual growth of 20% (Khaosan Pathet Lao, 2022). These initiatives 

reflect Laos's commitment to enhancing energy security and reducing its dependence on fossil fuel 

imports through sustainable, locally sourced bioenergy (Climate and Clean Air Coalition, n.d.). 

4.2.10 Cambodia 

Cambodia has made notable progress in its renewable energy (RE) development, which is 

primarily driven by hydropower and solar energy. The countryôs Power Development Master Plan 

(PDMP) 2022ï2040 sets a target for 70% of electricity generation to come from renewable sources 

by 2030, with hydropower contributing 55% and solar and biomass making up the remaining 15% 

(ASEAN Centre for Energy, 2020). As of 2024, Cambodia's total installed electricity capacity 

reached 5,044 MW, representing an 8.5% increase from the previous year (Agence Kampuchea 

Presse, 2025). To complement domestic generation, Cambodia is also investing in regional power 

imports. The government plans to import over 600 MW of solar and hydroelectric power from 

neighboring countries such as Laos and Vietnam starting in 2026, in order to diversify supply and 

reduce vulnerability to seasonal hydropower fluctuations (Reuters, 2024).  

In terms of biofuel development, Cambodia has identified its agricultural sector as a key 

contributor to energy diversification. The government aims to substitute 10% of diesel imports 

with locally produced biodiesel and 20% of gasoline imports with bioethanol by 2030 (Asian 

Development Bank, 2011). Key feedstocks include cassava for bioethanol and Jatropha curcas for 

biodiesel. While the technical potential is strong, challenges such as inconsistent feedstock supply, 

limited land allocation, and infrastructure gaps remain barriers to commercial-scale development. 

Nevertheless, these biofuel initiatives reflect Cambodiaôs broader strategy to enhance energy 

security, rural development, and climate resilience. 
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4.2.11 ASEAN 

 

 
 

Figure 9 Estimated biofuel potential vs. current usage in ASEAN countries by fuel type.  

Source: ASEAN Centre for Energy (2021); International Renewable Energy Agency (2022). 

 

Figure 9 presents a comparative chart showing biofuel potential vs. current usage by type 

and country in ASEAN. The potential far exceeds current usage in all ASEAN countries and 

biofuel types. Biomass and biodiesel show the widest gaps, especially in Indonesia and Thailand, 

indicating underutilized capacity. Bioethanol and biogas are being adopted at a slower pace across 

the region, but their potential remains significant, particularly for rural electrification and transport 

decarbonization. 

The ASEAN region holds vast potential for the development of biofuels, including 

biodiesel, bioethanol, biomass, and biogas, due to its rich agricultural base, growing energy 

demand, and supportive policy environment. According to the ASEAN Centre for Energy (2021), 

bioenergy already plays a key role in the region's energy mix, accounting for over 70% of 

ASEAN's renewable energy consumptionðprimarily from traditional biomass. Modern bioenergy 

technologies such as biogas digesters, bioethanol distilleries, and biodiesel processing plants are 

increasingly promoted as part of national energy strategies. 
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National policies across ASEAN countries have begun to reflect this transition. Indonesia 

has advanced biodiesel blending to B35 and is exploring sustainable aviation fuel (SAF) and 

ethanol blending (IRENA, 2022). Thailandôs Alternative Energy Development Plan (AEDP) sets 

ambitious targets for bioethanol and biodiesel production, while Malaysia continues to support 

palm oilïbased biodiesel through its National Biofuel Policy (Ministry of Plantation Industries and 

Commodities, Malaysia, 2005). The Philippines mandates E10 ethanol and B2ïB5 biodiesel 

blends under its Biofuels Act of 2006 (Department of Energy, Philippines, 2006). Meanwhile, 

Vietnam and Laos are promoting biogas for rural electrification and agricultural waste 

management (ASEAN Centre for Energy, 2021). 

Despite these advancements, challenges remain, including feedstock availability, 

investment barriers, and sustainability standards. However, the ASEAN Strategy on Sustainable 

Biomass Energy (2021) emphasizes cross-border cooperation, private sector engagement, and 

research and development as key pathways to unlocking biofuel potential. Expanding modern 

biofuel applicationsðparticularly in transport and rural electrificationðcan significantly support 

ASEAN's goals for decarbonization, energy security, and inclusive development (IRENA, 2022; 

ASEAN Centre for Energy, 2021). 
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5. Appropriate and robust technology in waste-to-bioenergy conversion for 

BioGrid in Chiang Mai Rajabhat University 

Based on the data collection of domestic raw materials with high biogas production 

potential and quantity, industrial wastewater and manure have energy equivalents of 7,800 and 

13,000 TJ/year, respectively. Currently, the installed capacity of biogas power generation in 

Thailand is up to 320 megawatts, with a total of 187 biogas power plants across the country. There 

is also research that uses cogeneration systems, where one type of energy can be produced or 

converted to more than two other types of energy. Most of them switch to electric power and heat 

together. The Grid/PV/Biogas system is an integrated system between biogas and solar energy. A 

study by Sanni et al. (2021) found that for PV/Biogas, the COE cost is 50% less than that of fossil 

fuels. As for the environmental impact analysis, it was found that the Grid/PV/Biogas system can 

reduce accumulated greenhouse gas emissions by at least 61%. Therefore, this research aims to 

conduct a study of the combined energy system between biogas and solar energy as such systems 

provide economic benefits. Such a system can save installation costs and have a low COE that 

makes it possible to invest. On the social aspect, it can help build energy security for the country 

and help promote the well-being of the country's population. For its environmental benefits, it 

reduces greenhouse gas emissions, helps eliminate waste altogether, and contributes to 

environmental friendliness. 

Biogas refers to gas that is naturally produced through the decomposition of organic matter 

such as animals, plants, various living organisms, food waste, and agricultural residues under 

anaerobic conditions (Anaerobic Digestion). This process occurs in the absence of oxygen, under 

suitable temperature and moisture conditions, resulting in biogas composed of several gases. The 

main components include methane (CH4), which makes up about 50-75%, and carbon dioxide 

(CO2), which accounts for about 25-50%. The remaining 1-2% consists of gases such as oxygen 

(O2), hydrogen (H2), hydrogen sulfide (H2S), nitrogen (N2), and water vapor. The exact 

composition of biogas varies depending on the conditions of the digestion process and the 

characteristics of the organic material being decomposed. These gases can be used as fuel for 

cooking, lighting, or as an energy source for electricity generation.  
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Table 1 Gaseous Components of Biogas 

No. Matter Percentage (%) 

1 Methane, CH4 50 ï 75 

2 Carbon dioxide, CO2 25 ï 50 

3 Nitrogen, N2 0 ï 10 

4 Hydrogen, H2 0 ï 1 

5 Hydrogen sulfide, H2S 0 ï 3 

6 Oxygen, O2 0 ï 2 

 

From Table 1, it can be seen that methane is the most abundant component. Methane is 

colorless, odorless, and highly flammable, making it popular for converting organic waste into 

electricity. This process not only disposes of unwanted waste but also destroys pathogens 

associated with the waste. Therefore, biogas is an appropriate approach for managing organic 

waste and should be encouraged, as it directly produces electricity and reduces methane emissions 

into the atmosphere, which are a major contributor to the greenhouse effect. 

Biogas presents a promising avenue for electricity generation within Thai universities. 

Universities can leverage biogas systems to convert organic waste from campus activities-such as 

food services, agricultural research, and landscaping-into renewable energy. Implementing biogas 

power generation not only reduces reliance on fossil fuels but also offers educational and research 

opportunities in renewable energy technologies. 

A study focusing on small-scale biogas-powered generation systems designed for 

agricultural applications in Thailand highlights the feasibility of such projects. These systems 

utilize agricultural waste to produce biogas, which is then converted into electricity, supporting 

the Bio-Circular-Green (BCG) economic model. This approach can be adapted for university 

settings, utilizing campus-generated organic waste. Therefore, this work focused on the biogas 

anaerobic digestion technology as the alternative electricity source to integrate with the existing 

PV system at Chiang Mai Rajabhat University. 
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5.1 Development of community-based biogas production system (adiGAS) for community 

PV-BioGrid 

Biogas production technology is the naturally occurring, biological pretreatment of organic 

substrates carried out by robust, mixed culture microbial communities in the absence of oxygen. 

The consortium of microbes works synergistically to deconstruct organic matters into energy-rich 

biogas. adiGAS is a community-based biogas production system for converting communitiesô 

refuses i.e., organic fraction municipal solid waste, food waste, and animal manure, to methane-

rich gas. The digester was made of fiberglass with an adequate volume of 5,000 L. A 4,000L gas 

storage bag was made of PVC sheet and installed to equalize biogas production and consumption. 

A grinder was installed above a feeding unit to grind fed organic matter to facilitate involved 

microorganisms and prevent system failure due to the accumulation of untreated organic materials. 

The design of the biogas electricity generation system includes a Digester Tank with a capacity of 

5.00 mį and a Gas Holder with a capacity of 4.00 mį, along with a 5.00 kW gasoline engine. The 

components of adiGAS are presented in Figure 10.
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Figure 10 The main components of adiGAS 

 

The details and roles of each component are detailed in this section. 

1) Grinder 

Typically, community waste sizing is significant, and hydrolysis could be a rate-limiting 

stage in anaerobic digestion. Thus, a grinder was installed to perform a physical pretreatment of 

feedstocks by decreasing their size. In addition, the ground feedstocks have a higher surface area 
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per volume ratio. Thus, hydrolysis stage of anaerobic digestion could be enhanced. The figure of 

the grinder is shown in Figure 11. 

 

  
 

Figure 11 Grinder 

 

2) CSTR digester   

This unit is the primary digester in adiGAS system to anaerobically convert organic 

feedstocks into methane-rich biogas. The digester was designed to be operated as a semi-

continuous stirred tank reactor (SCSTR) found to be appropriate with high-solid food waste, and 

animal manure. A manual mixing unit was installed on the top of the reactor to ensure an adequate 

mixing between substrate and anaerobic microorganisms. Appropriate mixing could lead to higher 

performance of anaerobic digester. The produced biogas is delivered to a gas storage bag via PVC 

pipe system. The accumulated digestate could be withdrawn via a draining valve at the bottom of 

the digester and used as organic fertilizer. A photo of the SCSTR digester is presented in Figure 

12. 
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Figure 12 Completely Stirred Tank reactor 

 

3) Pressure control unit 

Usually, the gas storage bag of adiGAS system was made of PVC with a thickness of 1 

mm. This material is cost-effective and easy to repair. However, the PVC bag could be damaged 

when pressure is high. Therefore, a pressure control unit is installed to keep the pressure under the 

design criteria. The photo of the pressure control unit is illustrated in Figure 13. 

 

  
 

Figure 13 Pressure control unit 
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4) Gas storage bag 

The PVC gas storage bag (Figure 14) is included in the adiGAS system to equalize biogas 

production and consumption. The produced gas is sent to this unit before being utilized as a fuel 

to replace petroleum fuel for an internal combustion engine or to replace LPG for cooking. 

 

 
 

Figure 14 Gas storage bag 

 

5.2 System Operating Conditions 

1) Raw Material Used: The primary raw material used for biogas production is food 

waste. 

2) Inoculum Sludge: The inoculum sludge used is derived from the biogas 

production system that processes food waste. 

3) Location and Operational Days: The biogas production system is located at 

Chiang Mai World Green City, Chiang Mai Rajabhat University. It is capable to 

operate 365 days per year. 

4) Biogas Production Density: The density of biogas production is based on the 

anaerobic digestion process. 
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Table 2 Gas yields from anaerobic digestion of various wastes 

Nature of solid waste Total gas yield (m3/kg) 

Municipal sewage sludge 0.43 

Municipal garbage only 0.61 

Municipal paper only 0.23 

Municipal refuse combined 0.28 

Dairy wastes, sludge 0.98 

Yeast wastes, sludge 0.49 

Brewery wastes, hops 0.43 

Horse manure 0.40 

Cattle manure 0.24 

Pig manure 0.26 

Grass 0.50 

Source: Atlas and Bartha, 2000. 

 

5) Biogas Production System Capacity: The biogas production system has a total 

capacity of 5.00 mį, with an effective working volume of 90%, which corresponds 

to a reactor capacity of 4.50 mį. 

6) Hydraulic Retention Time (HRT): The Hydraulic Retention Time refers to the 

duration required for the complete digestion of organic matter, where typically 

more than 80% of the organic material is digested. The HRT for this system is set 

at 45 days, as outlined in the table below. 

 

Table 3 Design parameters for sizing of biogas plants 

S.N. Parameter Value 

1 C/N Ratio 20 ï 30 

2 pH 6 ï 7 

3 Digestion temperature 20 ï 35 

4 Retention time (HRT) 40 ï100 days 

5 Biogas energy content 6 kWh/m3 



 36 

S.N. Parameter Value 

6 One cow yield 9 ï 15 kg dung/day 

7 Gas production per kg of cow dung 0.023 ï 0.04 m3 

8 Gas production per kg of pig dung 0.04 ï 0.059 m3 

9 Gas production per kg of chicken dung 0.065 ï 0.116 m3 

10 Gas production per kg of human excreta 0.020 ï 0.028 m3 

11 Gas requirement for cooking 0.2 ï 0.3 m3/person 

12 Gas requirement for lighting one lamp 0.1 ï 0.15 m3/hr 

 

Therefore 

From equation HRT = Reactor Capacity /duration of storage 

  HRT = 4.5 m3 / 45 day 

  HRT = 0.1 m3/day or 100 L/day 

 

7) Total Solids (TS): The total solids are calculated to be 10% of the total volume, 

assuming the density of food waste is equal to that of water, which is 1,000 kg/mį. 

 

The composition of organic matter that can be accommodated within the Digester Tank 

includes 10 kilograms of food waste per day, dissolved in 90 liters of water per day. 

Using the equation: 

Total Gas Yield=Gas Yield(Municipal garbage only) × Amount of food waste per day 

Total Gas Yield=0.61 m³/kg×10 kg/day=6.1 m³/day 

 

Thus, the volume of biogas produced per day (total Gas Yield) is 6.1 mį/day. 

 

5.3 Electricity Production from Biogas 

In the case when the biogas produced is used for electricity generation with an energy 

content conversion rate of 6 kWh/mį for biogas, the system would be capable of producing 36.6 

kWh/day. However, considering the efficiency of the engine and generator, which ranges between 

20% - 30% and 90% - 95%, respectively, the average efficiency for electricity production is 
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approximately 25%. Since the engines and generators commonly used in the Thai market typically 

run on gasoline, this further reduces the efficiency by 50%, bringing it down to around 12.5%. 

Therefore, the biogas electricity generation system at this facility can produce a maximum of 

4.57 kWh/day (12.5% * 36.6 kWh/day). 

There are 36 personnel, students, and residents within adiCET, generating an average of 

235 grams of food waste per person per day (Liu et al., 2020), or a total of 606 grams of solid 

waste per person per day (with food waste constituting 38.76% of the total waste). This results in 

a total of 8.46 kilograms of food waste and 14.54 kilograms of total waste per day within adiCET. 

The amount of food waste used for biogas production yields 5.16 mį/day (0.61 mį/kg * 8.46 

kg/day), translating to an actual electricity production of 3.87 kWh/day (12.5% * 6 kWh/mį * 5.16 

mį/day). 

In conclusion, the amount of fuel (food waste) available for generating electricity from 

biogas is insufficient to meet the electricity demand or to operate the system at its full capacity. 

Therefore, it is necessary to source additional food waste from other areas to ensure that the 

Digester Tank is supplied with no less than 10 kg/day. 

 

 

 

Figure 15 adiGAS installation 
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6. The Community PV/Biogas Microgrid Testbed 

The research test is conducted using adiCET Full Feeder Microgrid Testbed (adiCET-FMT) 

which can be used to test the status of Microgrid at all 3 Microgrid levels: single user microgrid, 

partial feeder microgrid and full feeder microgrid. 

 

 
 

Figure 16 adiCET-Full Feeder Microgrid 

Source: Sintuya (2024) 

 

adiCET-FMT is a full feeder microgrid testbed that can operate flexibly in different states 

by defining with Microgrid BUS Power Flow through the communication system with sensor to 

measure DG and load data, control energy power flow according to node by using software to 

perform load balance including (1) shifting load, shaving load and load shedding (2) charging and 

discharging battery storage and (3) energy exchange through trading platform in peer to peer and 

grid aggregator mode. The operation of adiCET-FMT Testbed is described as follows: 

 
6.1 Identification of isolated microgrid  

For ñIsolate Community PV/Biogas Microgridò experimental arrangement, status of full 

feeder microgrid was collected by sensor communication to create isolated community PV/Biogas 

microgrid with 3 single line bus power flow as shown in Figure 17 
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Figure 17 Isolated community PV/biogas microgrid 

Source: Faikul Umam et al. (2024) 

 

6.2 Microgrid configuration  

Microgrid configuration was adjusted according to the status of isolated community 

PV/Biogas microgrid with DG as DC bus and load as AC bus. The energy power flow of the nodes 

was controlled by EMS software. 

 

 
 

Figure 18 Microgrid Configuration at adiCET 

Source: Setthapun et al. (2015) 
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The hardware for DG and Load was considered according to the following algorithm:  

1) The data collection for 1 year revealed that the isolated microgrid from 25.5 kWp PV 

has an average daily PV energy output profile equal to 103 kWh/day or a maximum 

power generation of 15.90 kW at 1:00 p.m. 

 

 
 

Figure 19 Average PV energy output profile 

 

2) PV energy output profile was defined as an independent variable of DG and was set to 

be in the DC bus which was the electrical energy to determine the community load. In 

fact, in designing the Isolated Microgrid Systems, the load profile must be considered 

first and then the DG system design which is the electricity generation from distributed 

energy resources and battery storage system must be economically optimized to be 

consistent with the stability and security of the community electricity usage. 

3) The load profile of the building that consumes DERs from solar energy was verified to 

shift the load to be consistent with the dynamic load of the building in the bus load. The 

AC bus community load was divided into 2 zones: (1) AC bus 2: student residential 

zone, residential houses with peak load during the morning, evening and night and (2) 

AC bus 3: office and small business zone, daytime office load and small business load 

with peak load during the daytime. 
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Figure 20 Microgrid Energy Output and Load Profile 

Source: Fioriti et al. (2020) 

 

4) The reason to divide AC bus into 2 zones was because the load profile of residential 

building was dynamic according to the occupants who have to shift the load to the 

farming or small business building site and the office building in the community. It 

resulted in the load pattern in the community to be a mountain form which is consistent 

with the electricity usage directly from the PV energy output profile which had a normal 

curve pattern profile from 6:00-18:00 hrs. 

 

6.3 Monitoring system of the PV/Biogas Microgrid 

 Electronics device and communication system were installed for a microgrid node. The 

energy value of DG and load was measured. DG bus was defined as DC bus while load bus was 

divided into AC bus 2 and 3. Installation of converter and inverter devices was completed to adjust 

the electric current and voltage in the form of DC and AC. The software of sensor and monitoring 

node for Isolate Community PV/biogas Microgrid was created. The algorithm of subroutine was 

energy management system (EMS) of isolate microgrid. 
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Figure 21 The algorithm of subroutine was energy management system 

Source: Klaimi et al. (2016) 

 

Monitoring and display system was developed and tested. Development of Machine-to-

Machine (M2M) communication systems was employed. The development of a Machine-to-

Machine (M2M) communication system focuses on creating a platform that enables devices within 

an Internet of Things (IoT) network to communicate efficiently, securely, and flexibly. In this 

development, the MQTT Protocol (Message Queuing Telemetry Transport) has been chosen due 

to its recognized ability to transmit small-sized data over networks with bandwidth limitations. For 

implementation, Mosquitto MQTT, an open-source MQTT broker developed by the Eclipse 

Foundation, is used to enable fast M2M communication. MQTT operates on a publish-subscribe 

model, which enhances the efficiency of data transmission, particularly for monitoring systems 

and small hardware devices. The workflow of this model is illustrated in Figure 22. 
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Figure 22 The Publish-Subscribe Model of MQTT 

Source: Srivastava & Bryce (2018) 

 

The publish-subscribe mechanism in MQTT begins with a Publisher, which is either a 

device or an application responsible for sending messages to an MQTT Broker via a TCP/IP 

network. The Publisher connects to the Broker using standard ports: 

- 1883 for general connections 

- 8883 for encrypted TLS/SSL connections. 

The Publisher sends messages containing a topic (e.g., home/temperature) along with a 

payload, which can be plain text, JSON, or XML. Additionally, MQTT allows setting different 

levels of Quality of Service (QoS): 

- QoS 0 ï Message is sent once, with no guarantee of delivery. 

- QoS 1 ï Message is sent repeatedly until an acknowledgment is received. 

- QoS 2 ï Message is guaranteed to be delivered exactly once through a verification 

process. 

Upon receiving a message from the Publisher, the Broker checks if there are any 

Subscribers who have subscribed to that topic. If a Subscriber exists, the Broker forwards the 

message based on the defined QoS level. If no Subscriber is present, the message may either be 

discarded or retained based on the Retain Message setting. The Subscriber receives the message 

via the Broker and processes the payload for actions such as displaying information, sending 
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notifications, or controlling other devices. One advantage of MQTT is that the Publisher and 

Subscriber do not need to be aware of each other, which makes the system highly flexible, scalable, 

and suitable for IoT networks that require lightweight, low-power, and reliable communication. 

Despite its advantages, Mosquitto MQTT is a basic script-based broker, which means it lacks user-

friendly topic management and access control. Users must manually modify configurations in the 

backend server, which can compromise network security. To address this, the development 

includes integrating MQTT with a MySQL database for user management and access control at 

the topic level. The workflow for this security enhancement is illustrated in Figure 23. 

 

 

 

Figure 23 Secure and Customizable Access Control System 

Source: ArcSite (n.d.) 
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The proposed security structure allows for customized access controls, such as defining 

read and write permissions for specific topics. These settings are managed through a MySQL 

database, ensuring automatic and secure authentication and authorization. The system follows 

these steps: 

1) Client Connection and Authentication 

- The system verifies user credentials (username & password) using hashed 

authentication. 

- If authentication is successful, it checks the topic access permissions. 

2) Topic Access Verification 

- If the requested topic matches the user's access rights, the Broker forwards the 

message according to the MQTT protocol. 

 

 

Figure 24 Broker Service onUbuntu Server 

 

Figure 25 Database for Auth and Topic 
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Figure 26 Implementation of Secure MQTT Protocol with Authentication Service 

 

The implementation results, shown in Figures 24-26, demonstrate the integration of MQTT 

authentication services for enhanced security. This allows for access control of topics via a MySQL 

database. The service runs on an Ubuntu Server, enabling secure database connections and 

efficient JSON-formatted message transmission. This development significantly improves the 

security, scalability, and manageability of Machine-to-Machine (M2M) communication systems, 

making them more suitable for modern IoT applications. 

6.4 Data collection and Testing results of the PV/Biogas Microgrid 

The data testing of the Isolate Community PV/Biogas Microgrid was collected as follows: 

1) The load profile data of 4 student houses (Figure 27) showed that there was no load 

during the day. The peak load was found in the morning and evening. Base load was 

observed at night. The load profile was canyon form. This clarified that the form of 

student houses was representative of the load profile of household. They have the same 

load profile pattern, which does not match the PV energy output profile. 
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Figure 27 Load profile of 4 student houses 

 

2) The load profile data of offices and small business (Figure 28) revealed that daytime 

office load profile can be a representative of the load profile of office and small business. 

The load profile was mountain form which matched the PV energy output profile. 

 

 

 

Figure 28 Load profile of offices and small business 

 

3) The daily energy consumption of all houses, offices and small businesses (Figure 29( 

showed an energy demand of 94.70 kWh. Energy output from PV generation was 103.69 

kWh which was higher than daily energy consumption. This information was used to 

determine the proportion to design energy production from PV battery storage and 

biogas generator. 
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Figure 29 Energy Building Consumption 

 

4) The daily energy capacity supply data was collected (Figure 30). It revealed that the 

proportion of energy produced from PV ground station, PV rooftop, battery storage and 

biogas generator was 103.69 kWh, 11.64 kWh, 43.30 kWh, and 4.57 kWh, respectively. 

The reason for the daily energy capacity supply from biogas generator being very low 

was because of the limitation of food waste in the community. 

 

 
 

Figure 30 Daily Generation Energy Output 

 

5) Daily energy capacity supply was 163.20 kWh while daily energy load consumption 

was 94.69 kWh (Figure 31). The Isolated community PV/Biogas microgrid system has 

sufficient energy generation supply for community use. 
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Figure 31 Daily Generation Energy Output and Load Consumption 

 

6) The total load profile pattern (Figure 32) was considered to identify node of energy 

management system to organize the consistency of demand response. Initially, the load 

profile will be estimated into three levels: base load, intermediate load, and peak load. 

 

 
 

Figure 32 Graph of Daily Total Load Profile 

 

7) From the determination of the proportion of energy supply from directed PV to load, 

daytime which is the peak load period, PV energy supply remaining from supplying 

daytime peak load, stored by battery, for load shifting by discharge at base load level 
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during the night time (Figure 33). As for biogas generator running which is very small, 

ramping can be used with intermediate load. 

 

 
 

Figure 33 Graph of Daily Load Profile and Generation Energy Output Profile 

 

8) Load balancing from Battery Storage and Biogas Engine Running: The load balancing 

is primarily achieved through PV and Battery Storage, supplying 90.12 kWh, while the 

Biogas Engine Running supplies only 4.57 kWh, which is very minimal, accounting for 

approximately 5% of the daily total energy consumption (Figure 34). 

 

 
 

Figure 34 Graph of Load Balance by Battery Storage and Biogas 
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9) Isolate Community PV-battery-Biogas Microgrid Model: The results from the adiCET-

FMT demonstrate that the Isolate Community PV-battery-Biogas Microgrid Model can 

sufficiently meet the electricity demands, providing stability and reliability, even though 

the electricity produced from biogas generation is minimal (Figure 35). 

 

 

Figure 35 Isolate Community PV-battery-Biogas Microgrid Model  

10) Isolate Community PV-Battery Microgrid Model: The results from the adiCET-FMT 

(Figure 36) demonstrate that the Isolate Community PV-Battery Microgrid Model can 

sufficiently meet electricity demands, providing stability and reliability without using 

electricity from biogas. 
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Figure 36 Isolate Community PV-battery Microgrid Model  

 

The testing of the Isolate Community PV/Biogas Microgrid project in remote areas without 

access to electricity, based on the hypothesis of using waste food to produce electricity through a 

hybrid system of Solar PV and Biogas in an Isolate Microgrid, was conducted with the assumption 

that electricity from Biogas could be used during the base load or intermediate load periods. This 

approach was expected to help reduce the size of the required Battery Storage. The hypothesis was 

tested by simulating a community using real electrical energy and conducting experiments using 

the adiCET-Full Feeder Microgrid Testbed. The Microgrid adapts flexibly to various statuses by 

managing Microgrid Bus Power Flow through communication sensors that monitor DG and Load. 

Energy Power Flow was controlled via software, and load balancing was achieved through 

methods such as Load Shifting, Load Shaving, Load Shedding, Battery Storage charging and 

discharging, and Biogas Engine Running backup during intermediate load periods. 

The analyzed results from the Isolate Community PV-battery-Biogas Microgrid Model 

representing the Isolate Community PV/Biogas Microgrid System, showed a Total Generation 
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Energy Output of 163.20 kWh, with the following details: Daily Energy Capacity Supply from PV 

Ground Station at 103.69 kWh, Battery Storage at 43.29 kWh, PV rooftop at 11.65 kWh, and 

Biogas Generator at 4.57 kWh, representing 63.53%, 26.52%, 7.34%, and 2.80% respectively. The 

Daily Energy Load Consumption was 94.69 kWh, resulting in an energy reserve of 68.51 kWh or 

72.35% of the Load. Thus, the Isolate Community PV-battery-BioGrid Microgrid Model, with the 

limitation of Biogas from waste producing 2.80% of electricity, was found to be insufficient for 

Load Shifting during the base load and intermediate load periods between 6:00 PM and 6:00 AM. 

The biogas digester, even though contributing a modest 2.80% of total energy output in the 

current setup, holds considerable potential beyond electricity generation. If the digester is scaled 

to handle all organic waste from the communityðsuch as food scraps, agricultural residues, and 

animal manureðit becomes a dual-purpose asset, serving both waste management and renewable 

energy production. This integration directly supports community resilience by addressing multiple 

local challenges: reducing landfill dependence, lowering methane emissions, producing nutrient-

rich digestate for agriculture, and stabilizing the microgrid with dispatchable power. Especially in 

isolated or off-grid settings, such synergy enhances energy autonomy, sanitation, and 

sustainability, making the digester a key multi-functional infrastructure asset. 

If the biogas digester were designed as a reliable, high-performance component from the 

outset, the overall system configuration could be optimized. The current model relies heavily on 

PV generation (63.53%) and battery storage (26.52%), which are capital-intensive. A more robust 

and continuous biogas supply could allow for: 

¶ Reduced battery capacity, as biogas generation can cover night-time loads or cloudy 

periods. 

¶ Fewer PV panels, lowering installation space requirements and system costs. 

¶ Improved load balancing, with biogas serving as a flexible dispatchable source. 

If the digester had been included in the initial system design phase, the energy architecture 

would likely have leaned more toward a hybrid approach, balancing intermittent solar with 

continuous biogas, thus optimizing investment and improving load-following capability.  

In isolated microgrid systems, maintaining reliable electricity during multi-day cloudy or rainy 

periods is critical. Batteries have limited storage duration, especially if oversized loads are 
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experienced. In this context, a biogas digesterðif supplied with a steady stream of community 

organic wasteðcan act as a baseload generation source, offering: 

¶ Continuous generation regardless of weather, 

¶ Strategic backup to offset battery depletion, 

¶ Reduced risk of energy outages, particularly during night-time or seasonal periods with 

limited solar insolation. 

This role as a low-carbon, weather-independent energy source makes biogas particularly 

valuable in enhancing energy reliability, especially when PV and battery limitations converge. 

 

7. Conclusion and Recommendations 

7.1 Conclusion 

The test results of the Isolate Community PV/Biogas Microgrid Model showed that the use 

of Biogas to generate electricity in remote communities contributed only 2.80% of the Daily 

Energy Capacity Supply, due to limitations in the Population Ratio of waste food. The Population 

Ratio for electricity production from waste food for a population of 100 people (30 households) 

was 23 kg/day, equivalent to 10 kWh/day. 

However, the potential for electricity generation from Biomass and Biogas in Thailand and 

ASEAN countries remains viable, depending on the type of feedstock and the requirements for 

feeding electricity into the utility grid. In practice, government policies may support the purchase 

of electricity through Power Purchase Agreements (PPA) with a generation capacity which in the 

Very Small Power Producer (VSPP) limit of 10 MW, constrained by the Feeder transmission line 

and Area Biomass Energy Source Density Logistics. This requires substantial raw material 

collection, with biomass combustion of 300 tons/10MW/day (Biomass Power Plant from Rice 

Husk: DEDE Thailand). Electricity generation from Biogas is derived from waste from industrial 

plants and large-scale livestock farms. Biogas sources are typically located in areas with grid 

access, and as a gaseous fuel, Biogas can be used in internal combustion engines for electricity 

generation. Thus, electricity generation capacity ranges from kW to MW scales, with MW-scale 

electricity sold to the grid under PPA conditions, while kW-scale generation is typically standalone 
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electricity production for on-site use in large farms, supported by government policies to address 

environmental issues. The strategic value of a biogas digester is clear when viewed through the 

lens of integrated waste management, resilience, and energy optimization. Future iterations of 

microgrid models should consider designing the biogas system not as a secondary backup, but as 

a central componentðenabling reductions in battery size, improving sustainability, and delivering 

energy reliability in isolated settings. 

  

7.2 Recommendations  

Based on the performance analysis of the Isolate Community PV-Battery-Biogas Microgrid 

Model and the potential of biogas as a renewable energy source, the following recommendations 

are proposed to enhance energy reliability and system efficiency in remote communities: 

1) Integrate Biogas with PV and Battery as a Hybrid Microgrid Solution 

Biogas should be purposefully integrated alongside photovoltaic (PV) and battery 

systems as part of a hybrid microgrid model in remote or off-grid areas. This integration enables 

continuous electricity supply, reduces reliance on a single energy source, and strengthens system 

resilience against solar intermittency and energy storage limitations. 

2) Utilize Biogas for Baseload Supply During Low Solar Availability 

Biogas generators are well-suited for base load generation, especially during non-

solar hours (e.g., 6:00 PM to 6:00 AM) or during extended cloudy periods when solar output drops 

and battery reserves are depleted. In this role, biogas provides a reliable and dispatchable energy 

source that ensures uninterrupted electricity delivery to essential loads. 

3) Design Biogas Systems Based on Community Waste Profiles 

To ensure long-term sustainability and fuel reliability, the biogas digester should be 

sized and configured according to the quantity and type of organic waste available within the 

communityðsuch as food scraps, animal manure, crop residues, and kitchen waste. A waste 

availability assessment should be conducted during the microgrid planning phase to accurately 

match feedstock input with expected gas output and energy demand. 

4) Address Biogas Purification as a Key Technical Challenge 

One of the major challenges in utilizing biogas for electricity generation is the need 

for effective gas purification. Raw biogas often contains hydrogen sulfide (H S), moisture, and 

other impurities that can corrode engine components and reduce generation efficiency. Therefore, 
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appropriate biogas cleaning technologiesðsuch as desulfurization, drying, and filtration 

systemsðmust be integrated into the system design to ensure reliable and safe operation of biogas-

powered generators. 
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Table A1 Average electricity consumption of office zone 

Time 
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A01 A02 A03 A04 A05 

00:00 82 150 161 170 206 

01:00 73 143 163 192 218 

02:00 77 140 159 140 220 

03:00 78 140 169 141 222 

04:00 77 139 166 141 221 

05:00 72 142 172 144 219 

06:00 76 136 180 151 1,223 

07:00 199 147 174 144 1,453 

08:00 1,317 146 1,052 160 1,534 

09:00 2,020 402 2,388 1,982 1,724 

10:00 2,300 364 3,424 2,575 1,876 

11:00 1,955 500 3,332 2,415 1,835 

12:00 1,926 1,285 3,509 2,231 1,748 

13:00 2,271 1,072 3,369 2,305 1,820 

14:00 750 701 2,949 1,260 1,948 

15:00 444 685 2,755 1,933 1,837 

16:00 823 280 1,825 1,722 1,731 

17:00 97 662 1,658 1,110 1,429 

18:00 88 150 176 150 1,371 

19:00 96 124 176 168 1,379 

20:00 89 113 173 180 376 

21:00 80 111 187 181 375 

22:00 91 148 197 178 247 

23:00 78 149 168 165 178 

kWh 15.16 8.03 28.68 19.94 25.39 
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Table A2 Average electricity consumption of student resident zone 

 

Time 

Student Resident Zone 
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00:00 709 575 196 340 232 

01:00 742 570 146 302 234 

02:00 730 583 210 300 234 

03:00 715 555 201 360 224 

04:00 789 514 195 341 218 

05:00 758 527 190 339 248 

06:00 895 929 183 351 278 

07:00 2,063 908 222 554 324 

08:00 2,485 97 325 499 327 

09:00 3,243 68 27 52 30 

10:00 3,730 70 31 45 36 

11:00 3,860 73 28 51 41 

12:00 4,098 70 32 58 44 

13:00 3,921 66 35 59 40 

14:00 3,784 65 33 61 39 

15:00 4,144 68 34 62 38 

16:00 3,637 67 28 57 37 

17:00 3,330 63 127 456 235 

18:00 1,804 61 294 551 234 

19:00 1,620 1,191 270 667 318 

20:00 1,248 1,290 296 666 291 

21:00 876 919 268 462 302 

22:00 774 573 269 426 280 

23:00 666 519 204 342 220 

kWh 50.62 10.42 3.85 7.40 4.51 
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Table A2 Average electricity generation from the 25 kWp PV system 

 

Average Daily Power Genration 

 
Time Solar 

Radiance 

(W/m2) 

Power 

Generation 

(W) 

Efficiency of 

Solar Panels 

(%)  

 

00:00 0 0    

01:00 0 0    

02:00 0 0    

03:00 0 0    

04:00 0 0    

05:00 0 0    

06:00 42 332 1.83  

07:00 137 2,977 5.03  

08:00 295 6,932 5.45  

09:00 494 10,569 4.95  

10:00 683 13,703 4.65  

11:00 782 15,471 4.58  

12:00 779 15,899 4.73  

13:00 682 14,317 4.87  

14:00 526 11,496 5.06  

15:00 336 7,763 5.36  

16:00 166 3,728 5.21  

17:00 59 504 1.99  

18:00 0 0    

19:00 0 0    

20:00 0 0    

21:00 0 0    

22:00 0 0    

23:00 0 0    

kWh 4.98 103.69   
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Publication on Biogas Experimental Studies 
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