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boundary. Functional unit was defined as “1MWh of electricity generation”. 

 

1�Introduction�
Presently, poor waste disposal practice is considered one of the most critical challenges for 

environmental sustainability. A holistic approach for waste management should be urgently 

taken. In general, there are many factors that can affect the effectiveness of municipal solid 

waste management, such as waste generation rate, consumption level, and economic growth 

[1]. Herein, the key concept of sustainable development regarding waste management is to 

prevent waste generation by 7 Rs actions (e.g., Re-use, Re-cycle, Recovery, and ETC) [2]. 

Beside this, by the ambitions of global society that have moved forward to a reduction of 

E3S Web of Conferences 566, 04006 (2024)

ESRE 2024

https://doi.org/10.1051/e3sconf/202456604006

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative

Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 



greenhouse gas emissions by 2050 [3], waste to energy pathway is recognized as an important 

role-player in the transition towards circular economy (CE) to serve the sustainable waste 

management.  

In the view of circular economy, promoting use of waste for energy production can 

positively deliver an energy sustainability, especially, in terms of Refuse-Derived-Fuel (RDF) 

[4]. The fuel obtained from dry residual and waste can be used as material for energy 

generation. Although RDF has been commonly used in energy plant, it is important to explore 

all potential environmental impacts accounting in the life cycle assessment (LCA) concept. 

The LCA has been highlighted as the most suitable technique to gain an integrated and 

systematic assessment of both positive and negative environmental effects of the processes 

within different environmental impact categories throughout the life cycle of the products 

(e.g., global warming, human toxicity, etc.) [2]. There are many researches on LCA of 

municipal waste management. For instance, a study of Laurent et al. [5] compared the 

environmental footprints between landfill treatment and alternative waste treatment 

technologies (e.g., RDF) and found that landfill treatment system delivered the worst 

environmental impacts compared to other waste management techniques. Further to this, 

Mendes et al. [6] applied the LCA concept to evaluate environmental burdens of landfilling, 

incineration, and combustion techniques. In this context, incineration showed a lower 

environmental impact than other treatment techniques. In terms of environmental impact 

analysis for RDF using LCA, Lima et al. [7] pointed out that replacement of RDF to the 

conventional fossil fuel (i.e., coal) can reduce energy demand, greenhouse gas emissions and 

other potential environmental impacts. Similarly, a study conducted by Reza et al. [8] 

reported that the RDF power generation consumed electricity less than the utilization of coal 

and fossil fuel, and contributed to the reduction of carbon emissions.   

In Thailand, there has been few studies assessing environmental life cycle impact of waste 

treatment and disposal processes, including RDF technology [9]. Besides the significance of 

greenhouse gas emissions databases, there is a lack of research database on carbon footprint 

from waste to energy technologies. Therefore, this study purposed to investigate all potential 

environmental and climatic-related impacts from the production of RDF in a case study of 

Thailand (Power Plant A). The key results, in turn, could guide academics, policymakers, 

and related stakeholders in the waste sector with a deeper understanding of environmental 

impacts and sustainability of waste management. 

2�Literature�review�
Alternating waste into energy is one of the most effective management systems for 

addressing the climate change. Due to avoiding the use of fossil fuels, methane emissions are 

retarded by the waste to energy process. Refuse Derived Fuel or RDF is produced from 

municipal solid waste (MSW) which comprises of biodegradable and plastic materials. Fuel, 

then, is generated from the combustion of materials. Thus, fuel is used as an alternative source 

of energy in power plant generation [10]. As mentioned by [11], energy obtained from the 

RDF production could minimize tons of greenhouse gas emissions (i.e., carbon dioxide and 

methane) compared with landfill site management. Hence, by converting waste from landfill 

into energy, the RDF technology can divert the effective waste approach and can mitigate 

carbon emissions to the environment. 

For evaluating environmental impacts, life cycle assessment (LCA) is a systematic 

environmental tool for estimating the potential environmental impacts associated with a 

product, service or activity by identifying and quantifying energy and materials used and 

wastes released to the environment. To estimate the impacts, the assessment covers the 

throughout life cycle of the product, comprising of five determined stages: extracting and 

processing materials, manufacturing, transportation and distribution, use, re-use, 
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maintenance, and recycling and final disposal [12]. Life cycle assessment can be employed 

based on the ISO 14040 principles and framework including ISO 14041: goal and scope 

definition and inventory analysis (LCI), ISO 14042: life cycle impact assessment (LCIA) and 

ISO 14043: life cycle interpretation [13]. The boundary of assessment is considered from the 

first stage of production as extraction and manufacture (cradle) through the use phase to the 

disposal phase (grave) which is known as a full life cycle assessment (cradle-to-grave). 

Moreover, cradle-to-gate is an assessment of a partial product life cycle starting from the 

extraction of raw material to the manufacture of product (cradle). The phase of product 

consumption and waste disposal are usually neglected. Meanwhile, the cradle-to-cradle is 

another specific aspect of cradle-to-grave assessment, thereby the end-of-life or disposal 

phase is a recycling process of product [14], see Fig.1. 

 

 
  

Fig.1. System boundary of the LCA 

3�Materials�and�methods�

The goal of this study was to assess all related environmental impacts of “1 MWh electricity 

generation from the RDF power plant”. By scope, a gate

Table�1.
 

Inventory�data�
(Inputs)�

Categories� Unit�

� � �
   

2) Life cycle inventory 

Table 1 depicts the data of life cycle inventory (inputs) of the RDF production from municipal 

solid waste project design document of Thailand Voluntary Emission Reduction Program (T-

VER) [15]. A project installation (Power Plant A) was located upcountry region near 

Bangkok city, Thailand. The Power Plant A obtained municipal solid wastes from nearby 

communities through sorting and selecting processes which could provide heat energy; 

plastic waste carries a high caloric heat value (RDF-H) while organic substance offers a low 

caloric heat value (RDF-L). Hereby, one mega-watt-hour or one MWh was considered as a 

functional unit of LCA study. Furthermore, as depicted in Fig.2, the system boundary 

included inputs of RDF energy production. The life cycle inventory (LCI), afterwards, was 

aligned per functional unit. 
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Fig.2. System boundary of the production RDF for 1 MWh of electricity. 

 

3) Impact assessment methodology 

By using SimaPro 9.0, IMPACT2022+, Greenhouse Gas Protocol and IPCC2013 methods 

were applied to investigate all potential environmental and climate change impacts of RDF 

electricity generation. The IMPACT2002+ was selected as the demonstration of midpoint 

and damage levels. All fourteen midpoint impact categories were considered as carcinogens 

(C), non-carcinogens (NC), respiratory inorganics (RI), ionizing radiation (IR), ozone layer 

depletion (OD), respiratory organics (RO), aquatic ecotoxicity (AE), terrestrial ecotoxicity 

(TE), terrestrial acid/nutria (TA), land occupation (LO), aquatic acidification (AA), aquatic 

eutrophication (AE), global warming (GW), non-renewable energy (NR) and mineral 

extraction (ME) and four endpoint impacts were classified as human health, ecosystem 

quality, climate change, and resources categories [16]. Secondly, the Greenhouse Gas 

Protocol method was further performed as the representative of midpoint-oriented damage in 

terms of fossil CO2e, biogenic CO2, CO2e from land transformation and CO2 uptake 

categories [17]. Moreover, climate change impact was also evaluated through greenhouse gas 

emissions (CO2e) by the IPCC2013 method [3].  

4�Result�and�discussion�

environmental
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Table� 2.

Impact�
categori

es�

Unit� Total� Electrici
ty�

Diesel� Natural�
gas�

demonstrates

results of environmental impact analysis shown that “resources category” contributed the 
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Fig.�3.

IMPACT

Fig.4.
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Fig.5.

Fig.�6.�
�
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