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ABSTRACT 
 

The objective of this study was to analyze the environmental impacts that contributed 

from small biogas power plant. This study proposed the scenario improvements to 

minimizing impact the environmental impact for the communities and neighborhood. Life 

cycle assessment (LCA) is applied to assess the environmental impacts of the small 

biogas power plant with considering impact from gate to gate including transportation of 

raw material. Life cycle of this case study is the small biogas power plant is in Ubon 

ratchathani province, Thailand. EDIP 2003 method is used as Life cycle impact 

assessment (LCIA) by using SimaPro 8.0.3 software for analysis. The functional unit is 

selected as one kWh electricity generated at the small biogas power plant. 

 

The total emissions of one kWh electricity generated as functional unit is -0.454 mPt by 

considering gate to gate including transportation. The result of analysis indicates the small 

biogas power plant can reduce the environmental impact with considering avoided 

emissions by providing electricity to EGAT. Producing electricity from biogas power 

plant is the renewable energy so it can reduce the usage of natural resources such as 

lignite, coal and so on. However, the anaerobic digestion has the highest impacts which 

contributed 40.18% of whole impact. The main impact category is ozone formation 

(human). 

 

The scenario improvements can provide clearly minimize of environmental impacts after 

implements. The scenario utilization of treated wastewater as fertilizer. It can reduce the 

impact score from -1.0151 to -1.1191 mPt. In addition, scenario of the changing type of 

digester can indicate that the technology and structural digester can lead to the different 

impact score significantly. The result shows that the digesters with steel or lined concrete 

or fiberglass digester is the best (-1.5379 mPt). The upflow anaerobic sludge blanket 

(UASB) contributed - 1 . 4 0 6 0  mPt follow by covered anaerobic lagoon (-1.0151 mPt). 

Moreover, the impact score is decreased from reducing transportation by scenario of 

setting up the biogas power plant in the alcoholic beverage factory. The result indicates 

that it can reduce the impact score from -1.0151 to -1.6969 mPt. The analysis shows the 

biogas power plant has to evaluate and control about transportation load and leaks of 

methane impact judiciously, otherwise the total impact score will highly increase. 

 

Keywords: Life cycle assessment, small biogas power plant, scenario improvement, 

sensitivity analysis, environmental impact 
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CHAPTER 1  

INTRODUCTION 

 

This introduction Chapter identifying underlying problem of the study. The components 

contained in this introduction Chapter covers the background, statement of the problem, 

objective of the study, and the scope and limitation of the study. 

 

1.1  Background 

 

Currently, Thailand is increasing the electricity consumption continuously. In Thailand, 

there are many power plant that produced electricity for supporting domestic 

consumption. However, Thai government needs to import the electricity from abroad.  

Thai government recognizes the importance of the energy security. Thus, policy of 

supporting the power plant that used renewable energy has occurred. It supports the 

private sectors to participate in the investment of producing electricity by the renewable 

energy such as biomass power plant, biogas power plant, solar farm and so on.  

Nowadays, the biogas power plant is increasing in many areas of Thailand continuously. 

Although the biogas power plant used the renewable energy as producing electricity, but 

it may lead to the environmental impact. Therefore, this study aims to evaluate the 

environmental impact from the biogas power plant. The LCA will be used for assessment 

the impact in whole process in biogas power plant. 

  

1.2  Statement of the Problems 

 

Thailand has potential of biogas for electricity generation. Moreover, the material for 

producing biogas is existed in many areas in Thailand. However, the biogas production 

can lead to the environmental impact (Surata et al. 2014). The biogas power plant may 

contribute the impacts from many activities or processes. Therefore, this study will focus 

on investigating environmental impacts of Life Cycle Assessment of a small biogas power 

plant by using the gate-to-gate LCA including the transportation. The case study is the 

small biogas power plant in Ubon Ratchathani province. LCA will consider all processes 

and energy consumption for producing electricity in the small biogas power plant. 

Although there are many researches which have awareness in environmental, only few 

have researched LCA on biogas power plant, especially in Thailand. Moreover, the result 

will provide the way to reduce the environmental impact, and could propose the 

prevention methods with eco-design. 

 

1.3  Objective of the Study 

 

The purpose of this study is to analyze the life cycle and to assess the impacts of 

emissions during the gate-to gate life cycle of a small biogas power plant. 

The broad objectives of this study are included: 

1. To analyze and describe the life cycle inventory of raw material inputs, total 

outputs, and emissions flow over the gate-to-gate life cycle of a small biogas 

power plant including transportation. 

2. To assess the total environmental impact associated with the gate-to-gate life 

cycle of a small biogas power plant with Life Cycle Assessment (LCA). 

3. To identify the highest environmental impact in the processes of biogas power 

plant.  
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4. To propose different scenarios to improve for reducing the environmental impacts 

that may affect to the communities and the neighborhood. 

 

1.4  Scope and the Study 

 

1. An LCA concept and its methodology though the gate-to-gate life cycle of a small 

biogas power plant are be used in this study. It focused on the main stages in the 

production of the biogas power plant. Therefore, the infrastructure buildings 

involved and other goods such as machinery were excluded. It is scoped only in a 

small biogas power plant that located in Ubon Ratchathani Province, Thailand. 

2. The boundary of this study considers with gate-to-gate life cycle of biogas power 

plant, and the functional unit is the electricity generation of 1 kWh. 

3. The transportation of raw material is considered. 

4. Data are collected from the real factory. 

5. Data not directly available are used from secondary resources e.g. the database of 

the SimaPro 8.03 software, website, and the literature.  

 

1.5  Methodology 

 

For this study a life cycle assessment (LCA) was conducted following the ISO 14040 

(ISO, 2006). The LCA has 4 major steps: goal and scope, inventory analysis phase, impact 

assessment phase and an interpretation of the results phase. 
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CHAPTER 2  

LITERATURE REVIEW 

 

The review of secondary data and existing document is very useful and important in order 

to conduct the thesis. This Chapter reviews the literatures on the definition of Life Cycle 

Assessment (LCA), SimaPro software. Additionally, it also focuses on discussing about 

LCA of biogas power plant and related issues. 

 

2.1  Life Cycle Assessment (LCA) 

 

Life cycle assessment (LCA) is a tool to assess potential environmental impacts 

throughout a product's life cycle. The term ‘product’ includes goods, technologies, and 

services. LCA is a comprehensive assessment that takes a product life cycle perspective, 

and covers a range of environmental impacts. These unique features of LCA facilitate 

avoiding problem shifting from one life cycle stage to another stage, or from one 

environmental impact to another impact.  

LCA is environmental and potential impacts assessment technique related with life cycle 

of a product. The inventory of inputs and outputs in system of a product are constructed 

in an LCA. The potential impacts in environmental side are investigated. So, the results 

are interpreted based on inventory and impact analysis. It related with the objectives of 

the study (ISO 14040, 1997).The procedure of LCA is four phases based on ISO 14040, 

which this article gives a short methodological overview. 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 2.1 Phases and applications of an LCA (based on ISO 14040, 1997) 

 

2.1.1  Goal and Scope 

 

In the first phase, goal and scope is the objective of this study, which sets out the context 

of the study and explains how and to whom the results are to be communicated. This is a 

key step and the ISO standards require that the goal and scope of an LCA be clearly 

defined and consistent with the intended application such as the data which can be the 
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representative of a specified areas. However, the goal and scope document therefore 

includes technical details that guide subsequent work. 

 

(1) The functional unit, which defines what precisely is being studied and 

quantifies the service delivered by the product system, providing a reference 

to which the inputs and outputs can be related. Further, the functional unit is 

an important basis that enables alternative goods, or services, to be compared 

and analyzed.  

(2) System boundaries is boundaries of product life cycle, and processes that are 

related to the products which want to study such as material, energy, waste 

water and so on. 

 

2.1.2  Life Cycle Inventory analysis  

 

Life cycle inventory is the data collection and modeling of the product system, as well as 

description and verification of data. Moreover, it is the calculation for finding the input 

and output in product system, which may include many aspects such as resource, energy, 

releasing of waste water and so on. These date use to assess the environmental impact 

throughout a product's life cycle. However, the method to collect and analysis data can 

follow the ISO 14040(1997) and ISO14041 (1998). Besides, the data collection should 

be the form which can understand easily. The data collection can have the procedure as 

follow. 

 

- The preparation of data collection 

- The data collection 

- Check and verification the data 

- Finding the relation of the unit of process. 

- Consideration of using the renewable energy and waste recycling for 

deducting from the impact.   

- The conclusion that received by analysis. 

 

2.1.3  Life Cycle Impact Assessment 

 

According to defining defined the life cycle impact assessment from ISO 14042(1998), 

it has two procedures; the first is the classification of information in the life cycle 

inventory into the groups of the environmental impact (selection of impact categories, 

category indicators, characterization models), the second is the data conversion to be the 

value of the environmental impacts. Life Cycle Impact Assessment has several steps as 

follow: 

- Classification and characterization is the step that be classification of 

environmental impact from data in the life cycle inventory. The impact 

categories are assigned according to their ability to contribute to different 

problem areas. 

- Characterization or calculation of category indicator results where the 

contributions to impacts from each exchange are quantified and then 

aggregated within each impact category. In this way, the classified 

inventory data is converted into a profile of environmental impact 

potentials or category indicator results, consumption of resources and 

possibly working environment impact potentials. 
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- Normalization is the step that shows about the value of the environmental 

impact of product and value of the environmental impact of regional or 

global level. 

- Weighting is the step that provides the important weight of the 

environmental impact. However, the value of environmental impact will 

be different because it is depend on the view of the assessors to define the  

weighting factor.  

 

2.1.4 Interpretation 

 

This phase is the most important one. The data in the life cycle inventory was assessed 

the environmental impact by life cycle impact assessment phase, after that the result will 

show about the value of the environmental impact. Therefore, these data will be 

interpreted about the value of the environmental impact. As a result, it can lead to the 

conclusions and suggestions to improve. However, the interpretation should consider 

carefully, and should be under the objectives and scope as defined in the first step as well. 

The objective of interpretation is to improve the product or process for identify the 

method that can reduce the impact correctly. Moreover, it can lead to finding the other 

processes that can be used for reducing the environment impact.    

 

2.2  SimaPro Software 

  

SimaPro software is the world’s leading LCA software chosen by industry, research 

institutes, and consultants in more than 80 countries. Moreover, SimaPro can provide 

many users with a professional tool to collect, analyze and monitor the sustainability 

performance of products and services. Moreover, It comes with extensive databases of 

LCI data including the ecoinvent data such as EDIP 1997 and 2003, CML1992, CML 

2001, Eco-indicator 99, IPCC 2007, and the others, and also all the common methods of 

LCIA. This allows for efficient and transparent LCA, with reliable data and methods. The 

assessment phase of an LCA proceeds through several steps from the inventory to the 

interpretation by SimaPro. The procedures of LCA is described in Chapter 3.     

 

2.3  Biogas  

 

Biogas is the gas which occurred by anaerobic digestion with biodegradation bacteria of 

biodegradable materials such as manure, sewage, municipal waste, green waste, plant 

material, and crops. Normally, most of the gas in biogas, it is primarily methane (CH4)and 

carbon dioxide ( CO2 ) and may have small amounts of other gases. Therefore, the 

containing gas in biogas can be shown in Table 2.1. In different conditions, each type of gas 

have different properties. It can be seen in Table 2.2. 
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Table 2.1 Show the composition of biogas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2 Heating value of biogas and other fuels 

 

Fuel MJ/kg MJ/𝐦𝟑 

Methane 50.0 35.9 

Purified Biogas (90%) 45.0 32.3 

Mean Biogas (60%)  30.0 21.5 

Butane  45.7 118.5 

Propane 46.4 90.9 

Methanol 9.9 15,900 

Ethanol  26.9 21,400 

 

 

 2.3.1  Microbiology of anaerobic digestion 

 

In process of occurring biogas, organics in wastewater are biodegradable under 

anaerobic by microbial groups. The anaerobic is divided into three stages.   

Stage 1: Hydrolysis 

Firstly, the organic which is the large molecules such as carbohydrate, protein and 

fat are degraded by enzymes. As a result, this process can lead to break for the large 

organic molecules into smaller molecules. However, this stage usually occurs slowly in 

anaerobic conditions, and several factors may affect the degree and rate at which the 

substrate is hydrolysed (Lettinga et al., 1996). 

 Stage 2: Acidogenesis 

 Secondly, the organic which is small molecules changes to be the volatile acid 

and other substances by acid former. Most of the biodegradable COD  are converted into 

propionic and butyric acids, which are later decomposed into acetic acid and hydrogen 

by the action of the acetogenic bacteria (Chernicharo, 2007).   

 Stage 3: Methanogenesis 

 Finally, the overall anaerobic degradation process of organic compounds into 

methane and carbon dioxide is performed by the methanogenic archaea. However, it may 

have other gas that mixed together such as hydrogen sulfide, nitrogen, hydrogen and water 

vapor.      

Compound Content (Vol.-%) 

Methane 50-60 

Carbon dioxide 25-35 

Nitrogen 2-7 

Water vapor 2(20’C)-7(40 C) 

Hydrogen 1-5 

Other <1-3 
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Figure 2.2 The procedure and reaction occurring of biogas 

 

2.4 Methane production 

 

As described in 2.2, anaerobic digestion can convert the wastewater into biogas. 

However, the ability to produce biogas depends on many factors. In order to assess the 

methane production, it has to evaluate the amount of methane which the system can 

produce. There are two ways for estimation of methane production. 

 

(1) Estimation of methane production considering the chemical composition of the 

waste 

 

An organic compound ( Cn  HaObNd ) is completely biodegradable and would be 

completely converted by the anaerobic organism into CH4, CO2 and NH3 (Chernicharo, 

2007). The Buswell equation can be used to estimate biogas composition by chemical 

equations.  

  

Cn HaObNd + (n - 
a

4
 - 

b

2
 + 

3d

4
) H2O →   CH4 + (

n

2
 - 

b

2
 + 

3d

4
) CO2 + (d) NH3      (2.1) 

 

In this equation, the quantity of CO2 in the biogas can be much smaller than follows from 

the Buswell equation because of high solubility of CO2 in water ( Irini Angelidaki, 2004). 

However, this method has to know the chemical composition of the wastewater for 

calculation. Therefore, there is some problems in this method because of lack of data 

about chemical composition in wastewater. 

 

(2)  Estimation of methane production considering the degraded COD 

 

According to Chernicharo (2007), this method can be used to find the methane production 

by considering degraded COD in wastewater. In many case, this method is often used 

because the COD can be easily collected by measuring tools. The equation can show as 

follow: 

 

CH4 + 2O2 → CO2+ 2H2O              (2.2)     
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                        (16  g) + (64 g) →    (44 g) + (36 g) 

From the above equation, it can show that 1 mole of methane requires 2 moles of oxygen 

for its complete oxidation to 1 mole of carbon dioxide and 1 mole of water under normal 

temperature and pressure. Due to atom mass in oxygen equal to 16 atom mass unit, 

molecular mass of oxygen in this equation is 2 x 16 = 32 atom mass unit. Therefore, mass 

of oxygen is 64 g (2 moles x 32 g/mole). From the above equation, it can be concluded 

that every 16 grams of CH4  produced and lost to the atmosphere corresponds to the 

removal of 64 g of COD from the waste. In other words, 1 g of degraded COD in 

wastewater can produce 350 mL of methane under normal temperature and pressure 

conditions. In order to calculation of methane production in equation 2.1 can find by using 

COD equivalents: 

 

1 mol CH4               = 2 mol O2 

22.4 liter (STP) CH4 = 64 g O2 or 64 g COD 

1 liter CH4(STP)     = 
64

22.4
 = 2.86 g COD 

  

                       or   1 kg COD          = 0.35 m3 CH4 (STP)  

 

This calculation, it is calculated at a temperature of 0 ℃ only. To apply in case study has 

to calculate to find the volume of methane at other temperatures with constant pressure. 

It can be calculated by Charles's law. It presents that the volume of ideal gas is directly 

proportional to its absolute temperature at constant temperature. This directly 

proportional relationship can be written as: 

   
𝐕𝐢

𝐓𝐢
 = k 

or  
𝐕𝟏

𝐓𝟏
 = 

𝐕𝟐

𝐓𝟐
      at constant temperature 

where: 

V1 and V2  is the volume of gas at temperature T1 and T𝟐  
T1 and T𝟐 is the temperature at temperature condition 1 and 2  (K) 

 

Therefore, in order to apply in case study at other temperatures. For example, calculation 

of volume of methane production at 42 ℃ can be calculated as:   

 
V1

T1
 = 

V𝟐

T𝟐
       

From COD equivalents in produced gas at 273 K:    1 kg COD   =  0.35 m3 CH4 (STP)  
 

So,   
V1

T1
 = 

V𝟐

T𝟐
   =   

0.35

273
 = 

V𝟐

(273+42)
       

 

           V𝟐  = 0.404  m3 

 

Therefore, 1 kg of COD in anaerobic digestion at 52 ℃ and constant temperature of can 

produce 0.417 m3 of methane. 
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2.5 COD balance 
 

The consideration of COD balance is important in the anaerobic digestion. COD balance 

can be used to checking validity of experimental data in anaerobic digestion. The balances 

are the consideration of input and output COD terms and the balance reflects a 

comparison between the totals. In order to see clearly overview of COD balance, the 

Figure 2.3 can show the diagram of COD balance in the anaerobic digestion process. The 

degradation of COD in an anaerobic digestion can generate the methane.   

  

 

 

  

  

 

 

 

 

 

 

Figure 2.3 COD balance in the anaerobic digestion 

 

In Figure 2.3, it can be expressed as  equation 2.3.  

 

CODinfluent = CODeffluent + CODgas + CODsludge     (2.3) 

 

The degradation of COD in an anaerobic digestion can generate the methane. However, 

it cannot guarantee that all of degraded COD will generate to the methane entirely. Surely, 

there is some degraded COD that does not release into biogas. Therefore, the measurable 

COD fractions in various compartments can be expressed as follows: 

 
CODinfluent :     - CODsoluble 

                           - CODsolides 

                           - CODcolloidal 

CODeffluent:     - CODsoluble organic 

                                      - CODsoluble inorganic (e.g.H2S) 

                                      - CODsolides 

                          - CODdissolved reduced gases 

CODgas:            - CODCH4
 

                                      - CODH2S 

                                   - CODH2
 

CODsludge:     - CODentrapped solids 

                                   - CODnewly grown biomass 

    

Another concept to describe the COD balance, according to Hulshoff Pol (1995), 

proposes the concept of degraded COD that can be classified into two forms. First, it is 

the COD removed. The COD removed is the degraded COD that can be converted into 

methane and new cells. Second, the COD not removed is the organic substrate that cannot 
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be degraded by the fermentative microorganisms. The Figure 2.4 shows the COD balance 

in the anaerobic digestion process. 

 

 
 

Figure 2.4 Diagram of COD balance in the anaerobic digestion 

 

The total COD is sewage treatability. It can be converted into other forms as show in the 

Figure 2.4. The total COD can be converted into others. CODbd is a biodegradable COD. 

The CODbd is consumed by the microorganism into volatile fatty acids and Hydrogen. 

However, it is assumed that not all the total COD will available for convert to the 

methane, some part of it may convert into new bacterial cells and others. Therefore, it can 

conclude that the biodegradable COD (CODbd) can be converted into new bacterial cells, 

volatile fatty acids, hydrogen and methane. However, there is some substrate that cannot 

consumed by the fermentative microorganisms in the anaerobic digestion. It is the 

recalcitrant COD ( CODrec) or biologically resistant COD. The various COD 

compartments can be expressed as follows: 

   

CODbd  = concentration of biodegradable COD (mg/L) 

 CODrec = concentration of biodegradable COD (mg/L) 

 CODcel = concentration of COD converted into new bacterial cells 

 CODCH4
 = concentration of influent COD converted into methane (mg/L) 

CODVFA = concentration of COD still presents as volatile fatty acids effluent     

      (mg/L) 

 

2.6 Wastewater and by products characteristics    

This sector will describe a wastewater characteristics which is the vinasse. Due to ability 

of generating methane depending on many factors, it has to consider the characteristic of 

wastewater that used in this case. Moreover, the anaerobic digestion may release the by-

products such as sludge and treated wastewater.  

 

2.6.1 Vinasse Characteristics 

There are many raw materials that can use for digestion anaerobic. Vinasse is the raw 

material in this case. It is a mixture of water, organic and inorganic compounds (Cortez 

and Brossard perez, 1997). During alcohol production, large amounts of waste and wastewater 

are produced. Vinasse is wastewater that released from production. It released from 

distillation process, cleaning water and refrigeration water in alcohol production. The 

wastewater in this process is called vinasse. Vinasse is not allow to release into rivers. It 

has to send for waste treatment because it may have a considerable environmental impact 

by polluting the water bodies and soil, by using an adverse climatic effect and odor 

nuisance. Due to the high concentration of organic matter, vinasse can be utilized for fertilizing 
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or power generating purposes. According to Smith (2006), was carried out to assess the 

anaerobic digestion of vinasse for the production of methane. The study show that the 

productivity ratio of methane-vinasse ranged from 0.1447 to 0.42560 m3 of methane per 

m3 of vinasse digested. This case, the vinasse was bought for using in the biogas power 

plant. It will be used for anaerobic digestion. The composition of vinasse can be shown 

in Table 2.3.  

 

 Table 2.3 The composition of vinasse 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6.2 By-products in anaerobic digestion 

 

It has to know the characteristic of by-products for evaluating impact of environment, and 

find the method to manage the by-products correctly.     

 

(a) Digestate 

 

Digestate is the sludge remaining after the anaerobic digestion in biogas power plant. 

Digestate may be liquid or solid. It is considered to be solid if the total solids are 20% or 

more of the total weight of the digestate. The digestate has a lower biodegradability than 

the original material as the easily biodegradable organic matter has been degraded in the 

digester. Digestate is produced both by acidogenesis and methanogenesis in anaerobic 

digestion. It also consists of the mineralized remains of the dead bacteria from within the 

digesters. Although it is similar with compost in physical and chemical characteristics, 

but digestate is not compost. However, digestate can be used as a fertilizer or a soil 

conditioner. According to Nick Barker and Louise Evans (2009), the results of using 

digestate in crops have showed healthy growth. Moreover, using of digestate can lead to 

inhibit plant diseases and induction of resistance. It also has a direct effect on soil-born 

diseases, and an indirect effect by stimulation of biological activity. In the UK, according 

to Publicly Available Specification (PAS), if a biogas plant meets the standard, digestate 

can be sold as bio- fertilizer. However, it has significant amount of methane formation 

Composition Content 

BOD (mg/L) 30,000-50,000 

COD (mg/L) 100,000-130,000 

Nitrogen (mg/L) 1,500-2,000 

Potassium (mg/L) 2,500-5,000 

Total Solid (mg/L) 80,000-120,000 

Total Suspended Solids (mg/L) 22,000 

Total Dissolved Solids (mg/L) 17,000 

pH 3.2 - 4 
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potential, and could contribute to the emission of greenhouse gases (GHGs) and hence 

need to be managed carefully.  

 

(b) Treated wastewater  

 

Treated wastewater is by product from anaerobic digestion. Legally, the factories have to 

correctly manage the wastewater that come up from their production. Nowadays, there 

are many wastewater treatment methods. Anaerobic digestion is the one method for 

wastewater treatment. In General, anaerobic digestion can be used for wastewater 

treatment because it can reduce COD and BOD value in wastewater. In this case, the 

treated wastewater will be released from digester after anaerobic digestion. Treated 

wastewater consists of the mineralized remains that is similar with digestate, and some of 

treated wastewater is recycled back to the anaerobic digestion for dilution. It is released 

from digester continuously throughout the year. However, it cannot be applied to 

agricultural land immediately. Its application time is not continuous because of crop 

growth stage, cropping season and soil type. Therefore, it needs to be stored for several 

months (Zeshan & Chettiyappan, 2014). However, it can contribute to the emission of 

greenhouse gases (GHGs) from the storage of treated wastewater.  
 

2.7 Anaerobic covered lagoon 

 

Anaerobic covered lagoon is one kind of anaerobic digester. It is covered by plastic which 

made from PVC or HDPE at the top. The top of covered is used for storage of biogas, and 

the covered will expand while biogas is evaporating. The floor of the digester is paved by 

plastic for prevention of contaminating wastewater into the groundwater. For seize the 

plastic sheets, it can use the soil to press the edge of the plastic sheet. The elements inside 

the digester are not complicated. It consists the pipes for feeding of wastewater into the digester, 

and also has the pipe that use for pimping wastewater out of the digester. Anaerobic covered 

lagoon is one kind of anaerobic digester that can build easily, and it has low cost if 

compared with others. Therefore, if there are no space limitations and strict environmental laws, 

anaerobic covered lagoon should be used. 

 

 

 

  

 

 

 

 

 

Figure  2.5 Anaerobic covered lagoon 
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2.8  LCA of biogas power plant and related issues 

 

The LCA methodology can be used in many studies. Ishikawa et al (2006) proposed the 

evaluation of a biogas plant. The case study is in Japan. The study used two evaluation 

method. First, this method is evaluation of global warming gas in biogas power plant by 

LCA. Estimated emission of CO2 was about 2700t from biogas power plant, the biogas 

combustion was not included in emission because of the concept of carbon. Second, this 

method evaluated the energy pay-back time by comparing fossil energy input for 

constructing, running and maintaining in biogas power plant with energy outputs by 

producing electric power, heat and digested manure. In the second method, the result 

shown that the energy pay-back time on the biogas power plant was 16 years when 

digestate was not utilized as fertilizer. In other words, if the biogas power plant utilizes 

digestate as fertilizer, the energy pay-back time will be much shorter than 9 years. 

Therefore, using a digestate in biogas power plant should be considered in LCA because 

it can provide the result precisely.  

 

Normally, digestate can be used as organic fertilizer because it has plant nutrients and 

organic matter depending on types of raw material. However, the methane formation 

potential of digestate should be considered in LCA because methane is the emission of 

greenhouse gases. Therefore, digestate needs to be managed prudently. Zeshan et al 

(2014) studied the environmentally suitable options for digestate management. This study 

proposed five scenarios of digestate management. Then, the study determined the 

greenhouse gases emission potential of digestate in different scenarios. The five scenarios 

of digestate management are dumping of digestate, direct application of digestate to 

agricultural land, digestate storage and land application, curing and land application of 

digestate and curing or dumping of digestate. In order to manage the digestate from 

perspectives of GHG emissions, the scenario 2 is the best. Scenarios 3 and 4 are better 

than scenario 5, while scenario 1 is the worst. Results of this study show that raw digestate 

should not be dumped or landfilled as its dumping contributes the most to GHG emissions. 

However, the result may change depending on type of substrate in anaerobic digestion 

and type of digestion process. The others authors have response to environmental concern 

of power plant as show in Table 2.5.  
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CHAPTER 3 

 METHODOLOGY 

The Chapter two was described about the principle, and theory used for determine the life cycle 

of biogas power plant. This Chapter shows the analyzing process of research for determining 

its impact environment, by using the principle and theory in Chapter two. In the part of 

determining the environmental impact of the whole life cycle of biogas power plant uses LCA 

approach. Moreover, the process of LCA technic can follow the standard of ISO14040 which 

be shown below.           

 

3.1 Study Framework 

 

 

 
 

 

 

  

 

 

 

  

 

 

  

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Schematic diagram of study framework 

 

This study collected the data from primary data and secondary data. The data was collected 

about the inputs and outputs of a processes in biogas power plant. The data that does not directly 

available are used from secondary resources e.g. the database of the SimaPro 8.03 software and 

the literature.  

 

Define Objectives 

Data Collection 

Primary Data Secondary Data 

Field Survey Questionnaire 

& Interview 

SimaPro 8.03 

database 

Literature 

review  

 

SimaPro 8.03 

software 

Conclusion & 

Recommendation  
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3.2 Setting Goal and Scope Definition 

 

The main goal of this study was to determine the material and energy requirements and the 

emissions to air produced from the life-cycle of biogas production and utilization. However, 

the procedures of setting goal and scope definition as follows: 

 

3.2.1  Goal Definition 

 

The goal of this study is to assess the environmental impact of the small biogas power plant. 

The production capacity is 930kW, and find out which processes or activities are the most 

environmental impact. The result can be used as the substitute data of LCA for the small biogas 

power plant in Ubon Ratchathani province. Besides, it can lead to the way in helping the 

community and neighboring areas by decreasing the environmental impact of the small biogas 

power plant.  

 

3.2.2  Scope Definition 

 

The LCA was conducted according to standardized ISO 14040-4 methodology. The functional 

unit in this study is the electricity generation of 1 kWh (22kVoltage). In which this study is 

included the overall producing process in biogas power plant such as the chemical used and 

energy in the production. However,the infrastructure buildings involved and other goods such 

as machinery were excluded 

 

3.2.3  System Boundary 

 

Studying the LCA technics, this study will not consider the affect from the tools and equipment 

such as building, machine used in the process because this study aims to know the affect which 

directly come from biogas (Major impact). For the affect which are not considerable is known 

as minor impact.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 The system boundary of biogas power plant in this study 
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3.3   Data collection and inventory analysis 
 

This is the important part in this study. This part has to collect the data carefully by covering 

all the criteria of the study. The data are collected at the case study, the data for inputs and 

outputs were collected from primary data source as a questionnaire. Some data that cannot be 

collected in the case study will collect from other sources as a literature review or SimPro 

database. The collection of all unit processes data were obtained by discussion and consultation 

with all departments in the factory. Location of data collection is in Warin Chamrap, Ubon 

Ratchathani Province, Thailand. 

 

 3.3.1 Allocation 

 

The allocation is the most critical issue of LCA (Voet, Huppes, & Haes, 2009). In the biogas 

power plant, there are a multiproduct such as bio-fertilizer and electricity in the biogas power 

plant. The bio-fertilizer comes from during the process of the biogas power plant. However, 

this output can be used to benefit. For example, the bio-fertilizer can be used in the plant as 

planting. Moreover, if the bio-fertilizer have large amounts, it can be sold to increasing 

revenues for the plant. Therefore, the output of bio-fertilizer is necessary to allocated.  
 

3.4  Impact Assessment  

 

Data is collected throughout the life cycle. The impact assessment will convert this data into 

environmental impact in various aspects. The aspects of environmental impact depends on goal 

and scope of the study. Generally speaking, it seeks to establish a linkage between a data and 

potential impacts. The study should identify the aspects of environmental impact that wants to 

focus on. ISO developed a standard for conducting an impact assessment entitled ISO 14042, 

Life Cycle Impact Assessment (ISO 1998). The EDIP 2003 method in SimaPro software is 

applied in this study. EDIP 2003 method can assess for many types of environmental impact. 

The EDIP2003 methodology represents 18 different impact categories.  

 

(1) Global warming 100a (GW) 

(2) Ozone depletion (OD) 

(3) Ozone formation Vegetation (OF(V)) 

(4) Ozone formation Human (OF(H)) 

(5) Acidification (Ac) 

(6) Terrestrial eutrophication (TE) 

(7) Aquatic eutrophication EP(N) 

(8) Aquatic eutrophication EP(P) 

(9) Human toxicity air (HTA) 

(10) Human toxicity water (HTW) 

(11) Human toxicity soil (HTS) 
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(12) Ecotoxicity water chronic (EWC) 

(13) Ecotoxicity water acute (EWA) 

(14) Ecotoxicity soil chronic (ESC) 

(15) Hazardous waste (HW) 

(16) Slags/ashes (S/A) 

(17) Bulk waste (BW) 

(18) Radioactive waste (RW) 

 

The life cycle impact assessment (LCIA) by EDIP 2003 V1.04 includes three step as describe 

in Chapter 2. Therefore, this section will show the calculation of impacts in each categories by 

SimaPro as follow:  

(1) Classification and characterization 

This step is classification of impacts into groups. It has to convert data to the groups of 

impact with numerical value form. The consideration is based on the ability of each 

substances that can lead to the environmental impacts. This value can call “Equivalent 

or Characterization factors or EF”. It can be calculated from the following equation. 

EPj = ∑( Q𝑖  x EPij ) 

Where            EPj= Environmental impact potential (kg substance equivalent) 

                      Q𝑖 = Quantity of substance (kg substance j) 

                      EPij = Equivalency factor (kg substance equivalent/ kg substance j) 

(2) Normalization 

This step shows the magnitude of impacts in case study, and considers the impacts in the 

national, regional and global level. It can be calculated from the following equation. 

  NPj(product) = EPj x 
1

T x ERj
 

 

Where   NPj(product) = Normalized environment impact potential (person) 

  T = Lifetime of product (year) 

ERj = Normalization reference (kg substance equivalent/person/year) 

ER can be shown in table 4141 

(3) Weighting 

This step is the weighting factor of the impact that occurred from normalization. However, 

the weighting factor is depending on the discretion of the assessor. It can be calculated from 

the following equation. 
 

                       WPj = WFj x NPj  
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Where   WPj  = Weighted environmental impact potential (Person for target year: Pt.) 

  WFj  = Weighting factor 

 

In SimaPro, the value that used for consideration can show in Table 141 

 
 

Table 3.1 The value of calculation of impacts in each categories 
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Global warming 100a kg CO2-eq./kg/person/year 0.000129 1.1 

Ozone depletion kg CFC-11-eq./kg/person/year 48.8 63 

Ozone formation (Vegetation) m2ppm.h / kg/person/year 1.68E-05 1.2 

Ozone formation (Human) person.ppm.h / kg/person/year 0.352 1.2 

Acidification m2 /kg/person/year 0.00254 1.3 

Terrestrial eutrophication m2 /kg/person/year 0.00073 1.2 

Aquatic eutrophication EP(N) kg N/kg/person/year 0.12 1.4 

Aquatic eutrophication EP(P) kg P/kg/person/year 3.55 1 

Human toxicity air m3 /kg/person/year 2.11E-09 1.1 

Human toxicity water m3 /kg/person/year 2.12E-05 1.3 

Human toxicity soil m3 /kg/person/year 0.000124 1.2 

Ecotoxicity water chronic m3 /kg/person/year 2.73E-07 0 

Ecotoxicity water acute m3 /kg/person/year 1.5E-06 0 

Ecotoxicity soil chronic m3 /kg/person/year 1.37E-05 0 

Hazardous waste kg/kg /person/year 0.0483 1.1 

Slags/ashes kg/kg/person/year 0.00286 1.1 

Bulk waste kg/kg/person/year 0.000741 1.1 

Radioactive waste kg/kg/person/year 6.25 1.1 

 

Source : EDIP 2003 V1.04 method, SimaPro 8. 

 

3.5  Improvement Assessment / Interpretation 

 

The result will show the score of environmental impact in various aspects. The result should 

be interpreted by researcher base on goal and scope of case study. The result can lead to the 

way for improvement. This study can propose the difference scenario to reduce the 

environmental impact.  However, it has to check the result and data correctly.  

 

3.6 Sensitivity analysis 

The principle is change the assumption and recalculate the LCA. For example, there are many 

tools of sensitivity analysis such as one-way sensitivity analysis, scenario analysis, ratio 
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sensitivity analysis and critical error factor. Sensitivity is the influence that one parameter has 

on the value of another, both of which may be either continuous or discrete. Uncertainty 

importance analysis focuses on how the uncertainty of different parameters contributes to the 

total uncertainty of the result. Uncertainty analysis is a systematic procedure to ascertain and 

quantify the uncertainty introduced into the results of a life cycle inventory analysis due to the 

cumulative effects of input uncertainty and data variability. 
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CHAPTER 4 

LIFE CYCLE INVENTORY 

 

This report shows the collecting data to make the life cycle inventory, and describes the 

process in the biogas power plant.   

4.1 Life Cycle of biogas power plant 

In this biogas power plant, it is small plant, and also has the good processing control. 

Besides that, the process is not complicated because there are not many steps in the 

production process. However, there must be better controlled and monitored. Most of the 

information has been obtained by the data collection in the biogas power plant such as 

amount of raw materials, emissions, energy consumption of production. However, this is 

some of the data may be obtained from other sources, as described in table 1.1. The 

complete flow diagram of life cycle of biogas power plant is presented in Figure 4.1. 

 

Table 4.1 Data specification in biogas power plant processing 

 

Unit processes 

Data from 

factory  

Data from 

literature/SimaPro 

data based 

1. Raw material and Energy 

1.1 Electricity     

1.2 Vinasse     

1.3 Treated wastewater     

1.4 Fertilizer    

1.5 Hydrated lime    

1.6 Lubricant    

1.7 Sodium hydroxide    

1.8 Water    

2. Process   

2.1 Anaerobic digestion    

2.2 Cleaning gas system 

      -  Absorption of Hydrogen sulfide 

      -  Carbon dioxide removal 

      -  Separation of water     

2.3 engine-generator      

3. Transportation 

3.1 Raw material transportation    

4. Emission  

4.1 Emissions from biogas engine    

4.2 Emissions from leakage during 

anaerobic digestion    

4.4 Emissions from storage of treated 

wastewater    
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Figure 4.1 Complete flow diagram of life cycle of biogas power plant per day 
 

4.2 Life Cycle Inventory  
 

The biogas power plant can produce 16,086 kWh of electricity to sell for EGAT. The raw 

material is the wastewater from other factories that have the molasses to be the main 

component. BOD and COD value of waste water before coming to the plant was 50,810 

mg/l and 124,979 mg/l, respectively. The producing biogas is used 178 m3/day  of 

vinasse. The anaerobic digesters can produce 11,827 m3/day of biogas, and the biogas 

that can use in the engine generator is 10,128.00 m3/day. In addition, the percentage of 

methane in biogas is 62.93%, and BOD and COD values of waste water after anaerobic 

digester was 1,550 mg/l and 5,885 mg/l, respectively.   

4.2.1 Transportation  

This case has to transport the vinasse that is the wastewater from the alcohol faculties. 

Because of the high demand of vinasse (raw materials), it requires a lot of transportation. 

Due to limiting capacity of truck, the transporting vinasse needs to take a several rounds. 

The detail of life cycle inventory of transportation per day can be show in Table 4.2. 
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Table 4.2 Life cycle inventory of transportation per day 

 

4.2.2 Anaerobic digestion  

In the first step, when the raw materials arrived at the plant, it will be entered in the small 

digester that can contain 1500 m3 of wastewater. It also serves as an inventory. The raw 

material is fermented in order to adjust the pH value to be equal to 7, it takes 

approximately 3-5 days. Then, it will be forwarded to the pipe that connects to the big 

digester by using pump. The big digester can contain 35,000 m3 of wastewater, and the 

upper of the fermentation tank will be covered with plastic (HDPE). Then, the gas will 

evaporate up to the top of the cover. Therefore, the upper of the cover will expand to be 

able to contain the gas. In addition, the top of the cover can contain 15,000 m3. In the 

upper of the big digester has the pipes to deliver gas to the cleaning system. The detail of 

input and output of anaerobic digestion can be seen in Table 4.3.  

 

  

 Table 4.3 Life cycle inventory of anaerobic digestion per day 

Transportation  

Input Output 

Process Quantity Unit Process Quantity Unit 

Transport 

by track  

 

23,140 tkm Emission to air (from 

Simpro database)  
 

 

Anaerobic digestion per day 

Input Output 

Material Quantity Unit Material Quantity Unit 

Vinasse  (pH 4) 

BOD = 58,000             

mg/l 

COD = 124,979 

mg/l 

 178.125  m3 

Vinasse (pH 7) 

BOD = 1,550 mg/l 

COD = 5,885 mg/l  

(treated wastewater 

release to the pond) 

178.625 m3 

Electricity 

(EGAT) 
137 kWh    Biogas 11,826.58 m3 

Treated 

wastewater (from 

the pond) 

0.94 m3 
 Emission from leakage 

of methane 
 0.4834 t CH4 

Sodium 

hydroxide 
9.8 kg 
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In this process, the vinasse which is the wastewater has to transport from the alcohol 

faculty. It takes a lot of transportation because of large amount of vinasse needs. Some of 

treated wastewater in the pond will be used for adjusting pH value in the small digester, 

and the few amount of sodium hydroxide also will be used to adjust the pH value. From 

Table 4.3, there is the leakage of methane from the digester. The calculation to find the 

leakage of methane can be seen in Appendix B. After anaerobic digestion, treated 

wastewater will have lower BOD and COD value. Then, it will be sent to the pond for 

storage. 

 

 Table 4.4 Avoided products from anaerobic digestion 

 

 

 

 

 

 

 

Anaerobic digestion can provide the treated wastewater 178.625 m3/day. In this case, the 

treated wastewater can be sued as urea fertilizer. 3 m3of treated wastewater can substitute 

1 kg of urea. However, treated wastewater can be used only 0.2 m3/day as fertilizer due 

to limitation of cultivated area. Therefore, it can lead to the avoided products from using 

by-products as show in Table 4.4.  

 

4.2.3 Storage of treated wastewater 

In anaerobic digestion, it can generate the biogas and treated wastewater simultaneously. 

The treated wastewater is the by-products. It is beneficial to plants because it contains a 

minerals as well. However, all of produced treated wastewater cannot be applied on 

agricultural land immediately due to limitations of crop growth stage, soil type and 

cultivated area. Therefore, it needs to be stored for several months. The detail of input 

and output of storage of treated wastewater can be seen in Table 4.5.  

 

 

Table 4.5 Life cycle inventory of storage of treated wastewater in the pond 

 

However, some of treated wastewater will be used in the anaerobic digestion to adjust the 

pH value of wastewater in small digester. Moreover, it also can be used in cleaning gas 

system and cooling water. The flow diagram of life cycle of treated wastewater can be 

seen in Figure 4.5. During storage of treated wastewater in a pond, the methane gas may 

be released to air. The emission of storage can be seen in Appendix B. 

Avoided products 

Material Quantity Unit 

Utilization of treated wastewater 

as urea fertilizer 
0.2 m3 

Storage of treated wastewater per day 

Input Output 

Material Quantity Unit Material Quantity Unit 

Treated 

wastewater 
179.178.425 m3/day Emission from  storage 

of the  treated wastewater  
0.026 

t CH4 

Electricity 

for pump 

(EGAT)  

19 kWh/day 
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Figure 4.2 Treated wastewater balance 
 

The treated wastewater that was in the pond, it can be used for many activities in many 

processes of biogas power plant as a cooling water in the biogas and water for cleaning 

gas system.  

4.2.4 Cleaning gas system 

 

The gas that came from the fermentation tank, it will send to the cleaning system to 

eliminate the unwanted gases such as Carbon dioxide (CO2), Hydrogen sulfide (H2S), 

and vapor. Carbon dioxide (CO2) is the gas that does not provide a heat energy in the 

combustion. It is a gas that can make the biogas to be a bad fuel quality. If Carbon 

dioxide (CO2) or Hydrogen sulfide (H2S) combines with water or moisture, it will be the 

causes of the corrosion in the equipment and engine. In order to make the biogas for using 

in engine to be more efficient. Therefore, it is necessary to improve and control the quality 

of biogas regularly. In the cleaning gas system, has three processes for eliminating 

unwanted gas. First, these gases are passed into the absorption of hydrogen sulfide by an 

alkaline solution. According to the principle of the ability to dissolve of hydrogen sulfide 

that can be dissolved in the high alkalinity solution (8 ≤ pH ≤10). The biogas that has 

hydrogen sulfide will flow in the opposite direction with the alkaline solution. As a result, 

it was the mass transfer. Second, carbon dioxide removal, this process aims to increase 
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the heating value of biogas, and also increases the concentration of methane gas. Water 

scrubber technology is used in this process. It compresses the gas to the water scrubber 

which has a high pressure and low temperature. The biogas that come from absorption 

system of Hydrogen sulfide will be compressed by the compressor with high pressure 

(11-13 Bar) for increasing solubility. It will flow in the opposite direction with the water. 

The gas that is eliminated Carbon dioxide and had a high concentration of methane will 

be released at the top of system. Besides, the water that mixed with Carbon dioxide will 

be released at the bottom of system, and flow into the tank for reducing pressure. Some 

gas that come from the water is returned to the suction of compressor. Third, the 

separation of vapor, this system is used the heat exchange between gas and water cooling. 

The cold water will pump into the heat exchanger for exchanging heat with biogas. 

Therefore, the temperature of biogas will be 12-15 ℃, which the moisture in the biogas 

will condense to be the water. Then, the water that has increasing temperature from 

exchanging heat will flow to a chiller for cooling. The condenser will be used for cooling 

of refrigerant in the chiller. The chiller will adjust the temperature of biogas to be equal 

to 25 ℃.    Therefore, these gas will have a good qualification and appropriate for deriver 

to being fuel in the engine-generator.  

 

 

 

    

 

 

 

 

 

 

 

 

Figure 4.3 Flow diagram of cleaning gas system 

 

For the detail of input and output of cleaning gas system consists of absorption of 

hydrogen sulfide, carbon dioxide removal and water separation can be seen in Table 

4.6. 
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Table 4.6 Life cycle inventory of cleaning gas system 

 

 

 

4.2.5 Biogas engine generator 

Before the gas is delivered by pipeline for being fuel in the biogas engine generator, there 

will be tools for measuring pressure and volume in the pipe that is sufficient and 

appropriate to start the biogas engine generator. This engine has a fuel consumption rate 

to be 245 m3/hr, and can produce the electricity for 450 kW/hr. It used only biogas for 

being a fuel. In this case, the biogas engine efficiency was 27.23.0% on average. Due to 

price of electricity depending on the time period, the engine will be started at night to get 

higher price. This study cannot measure the emission of biogas engine generator because 

there are many limitation such as lack of measuring tools and so on. However, the 

emission from biogas engine can find from literature review as show in Appendix E.  The 

lubricant is changed after a defined driven distance, a time period or after 500 operating 

hours for a biogas engines. For the detail of input and output of biogas engine generator 

can be seen in Table 4.7. The biogas engine can generate the electricity to sell for EGAT. 

Therefore, the biogas power plant can avoided emissions from the procuring electricity 

with scenario in Thailand. The detail of avoided emissions from selling electricity can be 

shown in Table 4.7.   

 

 

 
 

Cleaning gas system 

Input Output 

Material Quantity Unit Material Quantity Unit 

Biogas 

- CH4 

- CO2 
- Others 

11,826.578 

 
m3/day 

Biogas 

(removed 

unwanted gas) 

10,128 m3/day 

Electricity 38 kWh 

Wastewater 

mixed with CO2 

and others 

(release to the 

pond ) 

1.2 m3 

Treated 

wastewater 

(from the pond) 

1.2 m3 Residue 

(disposal) 
2.4 kg 

Hydrated lime 

(circulation) 

17 kg 
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Table 4.7 Life cycle inventory of biogas engine generator 
 

 

 

 

Table 4.8 Avoided emissions of electricity generation 
 

 

 

 

 

 

 

 

 

 
 

 

 

Avoided product 

Material Quantity Unit 

Thailand electricity 16,085 kWh 

Biogas engine generator 

Input Output 

Material Quantity Unit Material Quantity Unit 

Biogas 10,128 m3/day 
Electricity (sell to 

EGAT) 
16,085.4375 kWh/day 

Electricity 

(EGAT) 
18 kWh 

Emission to air as 

show in table 4.9  
. 

Lubricant 68.1 

Liters/500  

operating 

hours 

Cooling 

water  
12 Liters/day 

Oil filter 1 

Unit/500  

operating 

hours 
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Table 4.9 Emissions of biogas engine generator per day  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The production of CO2 at the time of biogas combustion in this case was not included in 

emission because of the concept of carbon neutral. It do not contribute to the increase of 

CO2 because CO2 of the biomass resources origin depends on the breathing of a plant 

However, in this process, the main output is electricity. Therefore, power plant can 

generate avoided emission of electricity generation by using wastewater, which means 

that it is a renewable energy. Therefore, it can reduce a resource that have to use for 

electricity generation.  

 

 

  

Emission Amount  Unit 

Nitrogen oxides 31,270.0905 g 

Methane 18,704.14673 g 

Hydrocarbons, unspecified 14,708.52405 g 

Carbon dioxide  3712443.1561 g 

NMVOC, non-methane volatile organic 

compounds, unspecified origin 810.70605 g 

Carbon monoxide >15,808.767975 g 

Naphthalene 191.0949975 mg 

Acenaphthene 2.316303 mg 

Acenaphthylene 0.173722725 mg 

Anthracene 0.2316303 mg 

Benzo(a)anthracene <0.02316303 mg 

Benzo(a)pyrene 0.057907575 mg 

Benzo(b)fluoranthene 0.057907575 mg 

Benzo(g,h,i)perylene <0.00636983325 mg 

Benzo(k)fluoranthene <0.02316303 mg 

Chrysene 0.057907575 mg 

Dibenz(a,h)anthracene <0.0636983325 mg 

Fluoranthene 0.34744545 mg 

Fluorene 0.636983325 mg 

Indeno(1,2,3-cd)pyrene 0.063698333 mg 

Phenanthrene 4.1693454 mg 

Pyrene 0.11581515 mg 

Formaldehyde 1,224.745211 g 

Acetaldehyde 6.36983325 g 

Acrolein 0.57907575 g 

Acetone 1.1581515 g 

Butanal 0.57907575 g 

Sulfur dioxide 1,100.243925 g 
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CHAPTER 5 

 RESULT AND DISCUSSIONS 
 

This Chapter presents about the result from SimaPro software, and show the discussions 

of life cycle inventory. The network from the result of SimaPro is showed in this Chapter. 

The result of impact assessment are also showed in this Chapter. 

 

5.1 Impact assessment 

  

The life cycle impact assessment (LCIA) is the interpretation of the life cycle inventory. 

The data in life cycle inventory is interpreted by LCIA. LCIA will convert the data of life 

cycle inventory to the impact categories. The result can indicate the impacts that affected 

to the human and environment. The LCIA in this case used the SimaPro 8.03 for 

evaluating data. After entering the input and output in SimaPro, it can calculate depending 

on the method. This study selected EDIP 2003 method. The impacts can be classified into 

3 aspects. The aspect of environmental impacts includes: 

- Damage to human health 

- Damage to ecosystem quality 

- Damage to Mineral and fossil resource 

The consideration will focus on impact categories that significantly contributed the high 

environmental impact.  However, SimaPro can show the result in several formats such as 

network, graph, table and so on. EDIP 2003V1.04 in SimaPro 8.04 represents 18 different 

impact categories.  

 

(1) Global warming 100a (GW) 

(2) Ozone depletion (OD) 

(3) Ozone formation Vegetation (OF(V)) 

(4) Ozone formation Human (OF(H)) 

(5) Acidification (Ac) 

(6) Terrestrial eutrophication (TE) 

(7) Aquatic eutrophication EP(N) 

(8) Aquatic eutrophication EP(P) 

(9) Human toxicity air (HTA) 

(10) Human toxicity water (HTW) 

(11) Human toxicity soil (HTS) 

(12) Ecotoxicity water chronic (EWC) 

(13) Ecotoxicity water acute (EWA) 

(14) Ecotoxicity soil chronic (ESC) 
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(15) Hazardous waste (HW) 

(16) Slags/ashes (S/A) 

(17) Bulk waste (BW) 

  (18) Radioactive waste (RW) 

 

SimaPro 8.04 defines the default value that can be used for the analysis. The detail can 

be shown in Table 5.1. 

 

Table 5.1 EDIP 2003 V1.04 normalization and weighting factor 

 

Impact categories 

Classification 

(kg substance 

equivalent ) 

Normalization Weighting 

Global warming 100a kg CO2eq. 0.000129 1.1 

Ozone depletion kg CFC-11-eq. 48.8 63 

Ozone formation (Vegetation) m2 .ppm.h 1.68E-05 1.2 

Ozone formation (Human) person.ppm.h 0.352 1.2 

Acidification m2 0.00254 1.3 

Terrestrial eutrophication m2 0.00073 1.2 

Aquatic eutrophication EP(N) kg N 0.12 1.4 

Aquatic eutrophication EP(P) kg P 3.55 1 

Human toxicity air person 2.11E-09 1.1 

Human toxicity water m3 2.12E-05 1.3 

Human toxicity soil m3 0.000124 1.2 

Ecotoxicity water chronic m3 2.73E-07 0 

Ecotoxicity water acute m3 1.5E-06 0 

Ecotoxicity soil chronic m3 1.37E-05 0 

Hazardous waste kg 0.0483 1.1 

Slags/ashes kg 0.00286 1.1 

Bulk waste kg 0.000741 1.1 

Radioactive waste kg 6.25 1.1 

 

Source : EDIP 2003 V1.04 method, SimaPro software 

 

5.2 The result of impact from one kWh of producing electricity by small biogas 

power plant 

 

This section will present the result of LCIA, and also will propose the discussion. The 

result will be shown in impact score of each processes in the small biogas power plant. 

The result of classification (kg substance equivalent) in this case study can be shown in 

Table 5.2.  
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Table 5.2  The classification of each impact categories in one kWh of electricity 

generation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From Table 5.2, it shows the impact categories with classification form (kg substance 

equivalent). There is the negative values in some impact categories. The avoided 

emissions will explain in another section. However, the value in each impact categories 

cannot be used to compare mutually because the unit in each impact categories is totally 

different. Therefore, it has to convert to the single score (normalization and weighting), 

which the calculation was shown in Chapter 3. However, the whole process in biogas 

power plant can be seen from the network in Figure 5.1. It shows the network that has 

several node where shows the cumulated indicators. The line thickness in the network can 

show the contribution to the total environmental load. The meaning of red line is an 

environmental impact.  

 

 

 

 

 

Impact category Unit Total 

Global warming 100a kg CO2 eq 0.2328 

Ozone depletion kg CFC11 eq 6.6E-09 

Ozone formation (Vegetation) m2.ppm.h 15.6192 

Ozone formation (Human) person.ppm.h 0.0012 

Acidification m2 -0.0042 

Terrestrial eutrophication m2 0.0534 

Aquatic eutrophication EP(N) kg N 0.0001 

Aquatic eutrophication EP(P) kg P -0.0004 

Human toxicity air person -1039.28 

Human toxicity water m3 -18.7513 

Human toxicity soil m3 -0.0054 

Ecotoxicity water chronic m3 -831.5427 

Ecotoxicity water acute m3 -144.6773 

Ecotoxicity soil chronic m3 5.2113 

Hazardous waste kg -3.5E-06 

Slags/ashes kg -0.0210 

Bulk waste kg 0.1795 

Radioactive waste kg 8.5E-06 

Resources (all) PR2004 1.1E-05 
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 0.0111 m3
 Storage of

 treated
 wastewater in

 3.99E-5 Pt
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Figure 5.1 The network structure of one kWh of the electricity generation  

(cut-off 1.3%) – EDIP 2003 

 

The network shows that many processes like in anaerobic digestion, cleaning gas system 

and biogas engine generator contributed environmental impact. On the other hand, there 

is also green line thickness that means a negative environmental load station, it can 

display the environmental benefit. In this case, there are the avoided emission from 

producing electricity and utilization of treated wastewater. The utilization of treated 

wastewater gives a negative environmental impact because it can be used as a fertilizer 

and water for the plantation in the power plant. Biogas power plant can be used as 

wastewater treatment plant, and also can produce electricity to support the government. 

The network shows that it can provide a negative environmental load from avoided 

electricity by reducing of using resources of power plant in Thailand. The network shows 

that the negative value comes from many stages such as lignite power plant (-0.00102 Pt), 
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natural gas power plant (-0.000289 Pt) and so on. The impact score in each impact 

categories can be shown by Point unit (Pt). It can be seen in Table 5.3 and Figure 5.2. 

Table 5.3 Single score for impact assessment of one kWh of electricity generation 

from small biogas power plant – EDIP 2003 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 Single score for impact assessment per one kWh of the electricity 

generation 

Impact category Unit Total 

Total mPt -1.0151 

Global warming 100a mPt 0.0330 

Ozone depletion mPt 0.0203 

Ozone formation (Vegetation) mPt 0.3149 

Ozone formation (Human) mPt 0.5073 

Acidification mPt -0.0138 

Terrestrial eutrophication mPt 0.0468 

Aquatic eutrophication EP(N) mPt 0.0234 

Aquatic eutrophication EP(P) mPt -1.5653 

Human toxicity air mPt -0.0024 

Human toxicity water mPt -0.5168 

Human toxicity soil mPt -0.0008 

Hazardous waste mPt -0.0002 

Slags/ashes mPt -0.0662 

Bulk waste mPt 0.1463 

Radioactive waste mPt 0.0585 
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The results in Table 5.3 can indicate that one kWh of electricity generation from the small 

biogas power plant can reduce the environmental impacts because it shows the negative 

value. Total emission in the whole process in biogas power plant is -1.0151mPt /one kWh 

of the electricity generation. The highest emission is from ozone formation (human) 

(0.5073 mPt) follow by ozone formation (vegetation) (0.3149 mPt), bulk waste (BW) 

(0.3066 mPt) and radioactive waste (RW) (0.1463 mPt), respectively. However, there are 

also some negative values such as the aquatic eutrophication EP(P) (-1.5186 mPt), human 

toxicity water (-0.4578 mPt) and slags/ashes (-0.0652 mPt). 

 

From the Table 5.3 and Figure 5.2, the highest emission comes from anaerobic digestion. 

The proportion of the impact contribution of each processes by considering without 

avoided emissions from producing electricity can be shown in Figure 5.3. The anaerobic 

digestion accounts for the largest environmental impact (40.18%) followed by 

transportation (38.00%), biogas engine (19.13%), Storage of treated wastewater (2.24%) 

and cleaning gas system (0.45%).  

 

 
 

Figure 5.3 The proportion of environmental impact in each processes 

 

 

5.3  The environmental impact of transportation  

 

The transportation is the process that contributed the highest impact.  This case has to 

transport the vinasse that is the wastewater from the alcohol faculties. Because of the high 

demand of vinasse (raw materials), it requires a lot of transportation. Due to limiting 

capacity of truck, the transporting vinasse needs to take a several rounds. As a result, the 

transportation for vinasse from alcohol production to biogas power plant has 24,030 tkm. 

The The impact categories of anaerobic digestion can be shown in Figure 5.4.  

 

 

Biogas engine 

generator

19.13% Cleaning gas 
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Anaerobic 
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Storage of treated wastewater
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Figure 5.4 Single score from transportation per one kWh of electricity generation  

 

Figure 5.4 shows each impact categories, the total impact score of transportation by 

allocation with one kWh of the electricity generation is 0.6789 mPt. It shows that bulk 

waste is the highest impact category (0.1601 mPt) follow by radioactive waste (0.1099 

mPt). The track in this case is the diesel engine. Due to lacking data, the life cycle 

inventory of transportation is used by SimPro database which collected data from 

European countries for several years. The detail impact assessment summarized in Table 

5.4. 
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Table 5.4 Single score for impact assessment of transportation per one kWh of 

electricity generation  

Impact category Unit Total 

Total mPt 0.6789 

Global warming 100a mPt 0.0256 

Ozone depletion mPt 0.0399 

Ozone formation (Vegetation) mPt 0.0518 

Ozone formation (Human) mPt 0.0742 

Acidification mPt 0.0496 

Terrestrial eutrophication mPt 0.0282 

Aquatic eutrophication EP(N) mPt 0.0207 

Aquatic eutrophication EP(P) mPt 0.0477 

Human toxicity air mPt 0.0083 

Human toxicity water mPt 0.0571 

Human toxicity soil mPt 0.0046 

Hazardous waste mPt 0.0002 

Slags/ashes mPt 0.0010 

Bulk waste mPt 0.1601 

Radioactive waste mPt 0.1099 

 

 

5.4 The environmental impact of anaerobic digestion 
 

The anearobic digestion is the process that contributeed the high impact. From Figure 5.1, 

there are many sub-processes and activities in the anaerobic digestion that may lead to 

the environmental impact.   Therefore, this sector will consider the environmental impact 

score in the activities in anearobic digestion. The impact categories of anaerobic digestion 

can be shown in Figure 5.5.  

  

 

 

 

 

 

 

 

 

 

Figure 5.5 Single score of anaerobic digestion per one kWh of electricity 

generation  
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There are many impact categories that are contributed with high impact score in this 

process such as ozone formation (human), ozone formation (vegetation), global warming 

100a and so on. The summary of the score of each impact categories can be seen in Table 

5.5.    

Table 5.5 The single score of anaerobic digestion per one kWh of electricity 

generation  

Impact category Unit Anaerobic digestion 

Total mPt 0.7178 

Global warming 100a mPt 0.0968 

Ozone depletion mPt 0.0016 

Ozone formation (Vegetation) mPt 0.2209 

Ozone formation (Human) mPt 0.3727 

Acidification mPt 0.0015 

Terrestrial eutrophication mPt 0.0003 

Aquatic eutrophication EP(N) mPt 0.0003 

Aquatic eutrophication EP(P) mPt 0.0152 

Human toxicity air mPt 0.0001 

Human toxicity water mPt 0.0061 

Human toxicity soil mPt 0.0001 

Hazardous waste mPt 5.54E-6 

Slags/ashes mPt 0.0006 

Bulk waste mPt 0.0005 

Radioactive waste mPt 0.0010 

 

The total score of anaerobic digestion is 0.7178 mPt. The top three of highest emissions 

are the ozone formation (human) (0.3727 mPt), ozone formation (vegetation) (0.2209 

mPt) and Global warming 100a (0.0968 mPt). However, there are many activities and sub 

processes in anaerobic digestion.  To identifying causes of occurring impacts in the 

anaerobic digestion, it has to consider the impact in each activities and sub processes in 

the anaerobic digestion. Therefore, the activities and sub processes can be described as 

follows: 

 

a. Leaks of methane from the digester 

 

In the digester, there are some leaks of biogas from the digester. The emissions of methane 

from the anaerobic digester include emissions during maintenance of the digester, 

physical leaks through the roof and side walls, and release safety valves due to excess 

pressure in the digester. These emissions are calculated using a default emission factor as 

show in Appendix 5. The result from the calculation by allocation with one kWh of the  

 electricity generation shows that 0.0458 m3of methane is released from the digester. The 

impact score can be seen in Table 5.6 and Figure 5.6. 
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Table 5.6 Single score for impact assessment of the leakage of methane from 

digester per one kWh of electricity generation 
  

Impact category Unit 
Leakage of methane from 

digester 

Total mPt 0.6878 

Global warming 100a mPt 0.0958 

Ozone depletion mPt 0.0000 

Ozone formation (Vegetation) mPt 0.2202 

Ozone formation (Human) mPt 0.3717 

Acidification mPt 0 

Terrestrial eutrophication mPt 0 

Aquatic eutrophication EP(N) mPt 0 

Aquatic eutrophication EP(P) mPt 0 

Human toxicity air mPt 0 

Human toxicity water mPt 0 

Human toxicity soil mPt 0 

Hazardous waste mPt 0 

Slags/ashes mPt 0 

Bulk waste mPt 0 

Radioactive waste mPt 0 
 

  

 

 

 

 

 

 

 

 

 

 

Figure  5.6 Single score of the leakage of methane per one kWh of electricity 

generation  
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From Table 5.6 and Figure 5.5, the total score of leakage of methane from digester is 

0.6878 mPt. The highest is ozone formation (human) (0.3717mPt) follow ozone 

formation (vegetation) (0.2202 mPt) and global warming 100a (0.0958 mPt). 

 

b. Electricity 

The impacts of the electricity consumption in each countries is totally different. 

Therefore, this case will consider the environmental impacts from electricity consumption 

depending on Thailand scenario. The emissions from electricity that consider in the small 

biogas power plant has two different points. First, electricity that buy from EGAT for 

using in the power plant. It can lead to the environmental impacts. Second, the electricity 

that sell to EGAT. It is avoided products from producing electricity in Thailand because 

it is the renewable energy. However, this section will not consider about electricity that 

produced because it does not produce electricity in the anaerobic digestion. This section 

will consider the environmental impacts of electricity consumption in the anaerobic 

digestion. The electricity in Thailand is produced by different resources as natural gas, 

lignite, fuel oil, hydro power, wind power, solar power and so on. Resources of Thailand 

electricity can be seen in Figure 5.7.  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 5.7 Fuel consumption for electricity generation of Thailand in 2014 

Source: EGAT, 2014 

 

 According to EGAT (2014), electricity in Thailand is generated from different supply 

resources such as natural gas (66.06%), fuel oil (1.16%), lignite (20.07%), hydro power 

(10.43%) and others (2.28%). However, each types of power plant can contribute the 
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different environmental impacts score. This case study used SimaPro database to 

considering the impact of each power plants. The score in each impact categories of using 

electricity in anaerobic digestion can be seen in Figure 5.8.  

 

 

 

 

 

 

 

 

 

Figure 5.8 Single score from electricity consumption per one kWh of the electricity 

generation 

The result of impact assessment from electricity consumption displays that most of fuel 

consumption for electricity generation of Thailand is natural gas. On the other hand, the 

environmental impacts is contributed by using lignite and coal. However, the impact of 

using electricity can be seen in Table 5.7. 
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Table 5.7 Single score for impact assessment of electricity consumption 

in anaerobic digestion per one kWh of electricity generation 
 

 

Impact category Unit Electricity consumption 

Total mPt 0.0239 

Global warming 100a mPt 0.0008 

Ozone depletion mPt 0.0002 

Ozone formation (Vegetation) mPt 0.0004 

Ozone formation (Human) mPt 0.0006 

Acidification mPt 0.0011 

Terrestrial eutrophication mPt 0.0002 

Aquatic eutrophication EP(N) mPt 0.0002 

Aquatic eutrophication EP(P) mPt 0.0139 

Human toxicity air mPt 9.5E-5 

Human toxicity water mPt 0.005 

Human toxicity soil mPt 4.7E-5 

Hazardous waste mPt 3.1E-6 

Slags/ashes mPt 0.0006 

Bulk waste mPt 0.0001 

Radioactive waste mPt 0.0005 

 

The total impact from electricity consumption in anaerobic digestion is 0.0239 mPt. The 

highest is aquatic eutrophication EP(P) (0.0139 mPt) follow acidification (0.0011 mPt) 

and so on. 

c. Utilization of treated wastewater as urea fertilizer 

Some of treated wastewater that come out from anaerobic digestion can be used as a 

feltilizer. Due to limitation of planting land, it can be used for few amounts as shown in 

Chapter 4. The utilization of treated wastewater as urea fertilizer can lead to the avoided 

emissions because it can be used for agriculture. In this case, the treated wastewater can 

be used instead of chemical fertilizers. The impact score of utilization of treated 

wastewater as fertilizer can be shown in Table 5.7 and Figure 5.9. 
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Table 5.8 Single score for impact assessment of utilization of treated wastewater as 

urea fertilizer per one kWh of electricity generation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The total impact score of utilization of treated wastewater as fertilizer is -3.9E-05 mPt.The 

result shows the negative value, it indicates that utilization of treated wastewater as 

fertilizer can reduce environmental impacts. However, the impact score correlated 

significantly with the amount of using treated wastewater as fertilizer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.9 Single score of utilization of treated wastewater as fertilizer per one 

kWh of electricity generation  

Impact category Unit Total 

Total mPt -3.9E-05 

Hazardous waste mPt -2.1E-06 

Slags/ashes mPt -2.4E-06 

Human toxicity soil mPt -1.2E-06 

Human toxicity air mPt -1.8E-06 

Aquatic eutrophication EP(N) mPt -5.5E-06 

Ozone formation (Vegetation) mPt -1.8E-06 

Terrestrial eutrophication mPt -9.1E-07 

Ozone depletion mPt -7.6E-06 

Global warming 100a mPt -7.0E-07 

Ozone formation (Human) mPt -8.1E-06 

Radioactive waste mPt -4.2E-07 

Acidification mPt -1.2E-08 

Aquatic eutrophication EP(P) mPt -8.9E-08 

Human toxicity water mPt -6.3E-07 

Bulk waste mPt -5.6E-06 
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From Figure 5.10, the utilization of treated wastewater as fertilizer can reduce the ozone 

formation (human) with highest negative score (-8.1E-06 mPt) follow by bulk waste( -

5.6E-06 mPt).  

 

d. Raw material 

 

In anaerobic digestion, it has to use some material as show in Chapter 4. However, this 

activities can contributed impacts as show in Table 5.9. 

 

Table 5.9 Single score for impact assessment of raw material per of one kWh of 

electricity generation 
 

 

Impact category Unit 

Raw 

materials 

 

Total mPt 0.0062 

Global warming 100a mPt 0.0002 

Ozone depletion mPt 0.0015 

Ozone formation (Vegetation) mPt 0.0002 

Ozone formation (Human) mPt 0.0003 

Acidification mPt 0.0004 

Terrestrial eutrophication mPt 0.0001 

Aquatic eutrophication EP(N) mPt 8.9E-5 

Aquatic eutrophication EP(P) mPt 0.0013 

Human toxicity air mPt 4.9E-5 

Human toxicity water mPt 0.0012 

Human toxicity soil mPt 3.2E-5 

Hazardous waste mPt 2.4E-6 

Slags/ashes mPt 1.9E-5 

Bulk waste mPt 0.0003 

Radioactive waste mPt 0.0005 

 

However, the summary of environmental impacts of each sub-process in anaerobic 

digestion can be shown in Table 5.10 and Figure 5.10. 
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Table 5.10 Single score for impact assessment of anaerobic digestion per one kWh 

of electricity generation 
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Total mPt 0.7178 0.0062 0.0239 -3.9E-05 0.6878 

GW mPt 0.0968 0.0002 0.0008 -2.1E-06 0.0958 

OD mPt 0.0016 0.0015 0.0002 -2.4E-06 0.0000 

OF (V) mPt 0.2209 0.0002 0.0004 -1.2E-06 0.2202 

OF (H) mPt 0.3727 0.0003 0.0006 -1.8E-06 0.3717 

Ac mPt 0.0015 0.0004 0.0011 -5.5E-06 0.0000 

TE mPt 0.0003 0.0001 0.0002 -1.8E-06 0.0000 

EP(N) mPt 0.0003 8.9E-5 0.0002 -9.1E-07 0.0000 

EP(P) mPt 0.0152 0.0013 0.0139 -7.6E-06 0.0000 

HTA mPt 0.0001 4.9E-5 9.5E-5 -7.0E-07 0.0000 

HTW mPt 0.0061 0.0012 0.005 -8.1E-06 0.0000 

HTS mPt 0.0001 3.2E-5 4.7E-5 -4.2E-07 0.0000 

HW mPt 5.54E-6 2.4E-6 3.1E-6 -1.2E-08 0.0000 

S/A mPt 0.0006 1.9E-5 0.0006 -8.9E-08 0.0000 

BW mPt 0.0005 0.0003 0.0001 -6.3E-07 0.0000 

RW mPt 0.0010 0.0005 0.0005 -5.6E-06 0.0000 
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Figure 5.10 Single score from anaerobic digestion per one kWh of electricity 

generation  

The total impact score of anaerobic digestion is 0.7178 mPt . The third highest emissions 

are the ozone formation (human) (0.3727 mPt), ozone formation (vegetation) (0.2209 

mPt) and global warming 100a (0.0968 mPt). In the anaerobic digestion, the highest 

impact score is contributed by leakage of biogas from digester. The impact score of 

leakage of biogas from digester is 0.6878 mPt. The storage of treated wastewater in pond 

and using electricity also contributed the high which is 0.0366 mPt and 0.0239, 

respectively. In Figure 5.4, it indicates that using treated wastewater as urea fertilizer can 

lead to the negative value score (-3.9E-05 mPt).  
 

 

5.5  Storage of treated wastewater in the pond 

In anaerobic digestion, it can generate the biogas and treated wastewater simultaneously. 

The treated wastewater that comes out from this process can be used for agriculture. It is 

beneficial to plants because it still contains a minerals as well. All of produced treated 

wastewater cannot be applied on agricultural land immediately due to limitations of crop 

growth stage. Therefore, the treated wastewater has to store in a pond, it will be stored 

for using in plantation. During storage of treated wastewater in a pond, the methane gas 

may be released to air. The calculation of leakage emissions associated with storage of 

treated wastewater can be seen in Appendix b. The single score of impact categories of 

methane leaks in storage of treated wastewater can be shown in Table 5.11 and Figure 

5.11.  
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Table 5.11 Single score for impact assessment of storage of treated wastewater in 

pond per one kWh of electricity generation 

 

Impact category Unit 
Storage of treated 

wastewater in pond 

Total mPt 0.03993 

Global warming 100a mPt 0.00522 

Ozone depletion mPt 2.6E-05 

Ozone formation (V) mPt 0.01179 

Ozone formation (H) mPt 0.01988 

Acidification mPt 0.00015 

Terrestrial eutrophication mPt 3.0E-05 

Aquatic eutrophication EP (N) mPt 3.4E-05 

Aquatic eutrophication EP (P) mPt 0.00193 

Human toxicity air mPt 1.3E-05 

Human toxicity water mPt 0.00069 

Human toxicity soil mPt 6.6E-06 

Hazardous waste mPt 4.4E-07 

Slags/ashes mPt 8.1E-05 

Bulk waste mPt 1.7E-05 

Radioactive waste mPt 6.4E-05 
 

 

 

 

 

 

 

 

 

 

  

Figure 5.11 Single score from storage of treated wastewater in the pond per of one 

kWh of electricity generation  

From Table 5.6 and Figure 5.5, the total score of of storage of treated wastewater in pond 

is 0.03993 mPt. The highest is ozone formation (human) (0.0199 mPt) follow ozone 

formation (vegetation) (0.01179 mPt) and global warming 100a (0.00522 mPt). 
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5.6 The environmental impact of cleaning gas system 

 

The cleaning gas system contributed the environmental impact score about  0.83 %  of all 

processes in the biogas power plant as shown Figure 5.11. The impact score of cleaning 

gas system can be shown in Table 5.12.  

 

 

Table 5. 12 Single score for impact assessment of cleaning gas system per one kWh 

of electricity generation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact category Unit Cleaning gas 

system 

Total mPt 0.0080 

Global warming 100a  mPt 0.0004 

Ozone depletion (OD) mPt 0.0001 

Ozone formation (Vegetation)  mPt 0.0003 

Ozone formation (Human)  mPt 0.0004 

Acidification  mPt 0.0004 

Terrestrial eutrophication  mPt 0.0001 

Aquatic eutrophication EP(N) mPt 0.0001 

Aquatic eutrophication EP(P) mPt 0.0040 

Human toxicity air mPt 4.7E-05 

Human toxicity water mPt 0.0015 

Human toxicity soil  mPt 0.0000 

Hazardous waste  mPt 1.37E-06 

Slags/ashes  mPt 0.0002 

Bulk waste  mPt 0.0001 

Radioactive waste mPt 0.0004 
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Figure 5.12 Single from cleaning gas system per one kWh of electricity generation  

The total impact score of cleaning gas system is 0.0174 mPt. The impact category that 

contributed highest impact is aquatic eutrophication EP(P) (0.0063 mPt) follow by global 

warming 100a (0.0051 mPt) 

 

5.7  The environmental impact of biogas engine  

 

The biogas engine contributed the environmental impact score about  15.87 %  of all 

processes in the biogas power plant as shown Figure 5.2.The fuel in the biogas engine is 

biogas which produced by anaerobic digestion. The impact score of biogas engine can be 

shown in Table 5.13 and Figure 5.13.  

 

Table 5.13 Single score for impact assessment of cleaning gas system per one kWh 

of electricity generation 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact category Unit Biogas engine 

Total mPt 0.3418 

Global warming 100a  mPt 0.0043 

Ozone depletion  mPt 0.0004 

Ozone formation (Vegetation) mPt 0.0822 

Ozone formation (Human)  mPt 0.1162 

Acidification  mPt 0.0595 

Terrestrial eutrophication  mPt 0.0433 

Aquatic eutrophication EP(N) mPt 0.0314 

Aquatic eutrophication EP(P) mPt 0.0021 

Human toxicity water  mPt 0.0002 

Human toxicity soil  mPt 0.0009 

Hazardous waste  mPt 8.8E-05 

Slags/ashes  mPt 1.5E-06 

Bulk waste  mPt 8.0E-05 

Radioactive waste mPt 3.6E-05 
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Figure 5.13 Single score from biogas engine per one kWh of electricity generation 

The total impact score of biogas engine is 0.3418 mPt. The impact category that 

contributed highest impact is ozone formation (human) (0.1162 mPt) follow by ozone 

formation (vegetation) (0.0822 mPt), acidification (0.0595 mPt) .  

 

5.8 Avoided emissions  

 

From the Figure 5.1, the network can indicate that there are some avoided emissions in 

this case study. The avoided emissions in this case is from the utilization of treated 

wastewater as fertilizer and electricity generation from biogas power plant as described 

in previous sector. The avoided emissions by producing electricity is also considered in 

this study. From Figure 5.6, it shows the proportion of fuel consumption for electricity 

generation in each types of power plant. The electricity generation in each types of power 

plant has a different impact of environment because of different supply resources. The 

avoided emission in this case occurred from electricity generation by using wastewater 

for producing biogas Therefore, these biogas can be the fuel for producing electricity. It 

can reduce the using resources because it is a renewable energy, and it also can be used 

for the wastewater treatment. The impact score can be shown in Table 5.14.  
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Figure 5.14 The network structure of avoided emissions by selling electricity to 

EGAT in one kWh of the electricity generation  

 

 

Table 5.14 Single score for impact assessment of selling electricity from biogas 

power plant per one kWh of electricity generation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Table 5.14, it displays that the producing electricity for selling to EAGT can 

contributed a negative value. The small power plant produced electricity by vinasse which 

is the wastewater from alcohol production. The producing electricity from biogas power 

plant can reduce using resources that used in others power plant such as lignite, coal, 

natural gas and so on.    

 

Impact category Unit Electricity (Sell to EGAT) 

Total mPt -2.8015 

Global warming 100a mPt -0.0993 

Ozone depletion mPt -0.0219 

Ozone formation (Vegetation) mPt -0.0521 

Ozone formation (Human) mPt -0.0761 

Acidification mPt -0.1248 

Terrestrial eutrophication mPt -0.0251 

Aquatic eutrophication EP(N) mPt -0.0292 

Aquatic eutrophication EP(P) mPt -1.6363 

Human toxicity air mPt -0.0112 

Human toxicity water mPt -0.5831 

Human toxicity soil mPt -0.0056 

Hazardous waste mPt -0.0004 

Slags/ashes mPt -0.0682 

Bulk waste mPt -0.0144 

Radioactive waste mPt -0.0539 
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5.9 Comparison of result with other power plant 

 

The LCA result of small biogas power plant in this case will be compared by others power 

plant. The comparison will consider base on the similarity of system boundary and 

method.  

 

5.9.1 Comparison of result with biomas power plant 

 

The result of LCA of this study will consider with the LCA of a small-scale community-

based biomass gasification power plant (Kongruang, 2011). The system boundary in each 

power plants are same which considered life cycle in gate to gate including transportation. 

Moreover, the case study in each LCA is also considered in Thailand. The life cycle 

impact assessment was considered by one kWh of electricity generation as functional 

unit, and was evaluated by EDIP 2003 method. Moreover, each power plant also used the 

main raw material which is the renewable resource as biomass. Therefore, this 

comparison can be shown that which type of small power plants will have the lowest 

environmental impact. However, this comparison do not consider the avoided emissions 

of selling electricity to EGAT, and also do not consider the infraction buildings. Table 

5.15 can indicate that the small biogas power plant contributed the higher impact score 

than small biomass gasification power plant. The total single score of impact assessment 

in biogas power plant and biomass gasification power plant is 1.7864 mPt  

and 0.99 mPt, respectively.      

 

Table 5.15 Single score of comparison of small biogas power plant and small 

biomass gasification power plant per one kWh of electricity generation 

Impact category Unit 
Biomass gasification 

power plant 

Biogas power 

plant 

Total mPt 0.99 1.7864 

Global warming 100a mPt 0.042 0.1323 

Ozone depletion mPt 0.111 0.0421 

Ozone formation (Vegetation) mPt 0.0261 0.367 

Ozone formation (Human) mPt 0.0254 0.5834 

Acidification mPt 0.0046 0.1111 

Terrestrial eutrophication mPt 0.0129 0.0719 

Aquatic eutrophication EP(N) mPt 0.016 0.0526 

Aquatic eutrophication EP(P) mPt 0.349 0.071 

Human toxicity air mPt 0.0141 0.0087 

Human toxicity water mPt 0.145 0.0663 

Human toxicity soil mPt 0.206 0.0048 

Hazardous waste mPt 0.0088 0.0002 

Slags/ashes mPt 0.0097 0.002 

Bulk waste mPt 0.0071 0.1607 

Radioactive waste mPt 0.0123 0.1124 
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The highest emission in each impact categories of small biogas power plant came from 

ozone formation (human) followed by Ozone formation (Vegetation), Bulk waste and so 

on. While, small biomass gasification power plant contributed the highest impact 

categories in aquatic eutrophication EP(P) followed by human toxicity soil, human 

toxicity water and so on. The impact category score can be shown in Figure 5.15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.15 Impact categories with comparison of biogas and biomass gasification 

power plant per one kWh of electricity of electricity generation 

 

The first comparison shows that the biogas power plant has higher impact score than 

biomass gasification power plant slightly. However, the biogas power plant has 

transportation about 347,100 tkm der month, while the biomass gasification power plant 

has transportation aboute 95 tkm per month. Therefore, the second comparison will 

consider with the same transportation load. The result can be shown in Table 5.16.  

 

In the Table 5.16, shows that the impact scores of biogas power plant has nearly the same 

as biomass gasification power plan but biogas power plant still has higher impact score 

than biomass gasification power plan which is 1.1047 and 0.99, respectively. This 

comparison can show that the biogas power plant can have lower impact score than 

biomass gasification power, but it has to reduce the transportation and leakage of 

methane. However, this comparison can be the improving guidelines which will propose 

in next Chapter.  
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Table 5.16 Single score of comparison of small biogas power plant and small 

biomass gasification power plant per one kWh of electricity generation with same 

transportation load 

 

 

5.9.2 Comparison of result with other biogas power plant 

 

The result of LCA of this study was compared with the LCA of other biogas power plant. 

According to Bacenetti et al. (2014), proposed the LCA of a small biogas power plant in 

Italy by considering one kWh of electricity produced as functional unit. The life cycle 

assessment was considered by SimaPro software with using ILCD method. This 

comparison evaluated without considering avoided emissions in selling electricity to 

EGAT.    

 

Due to the ILCD method is the midpoint method, which it cannot provide the single score.  

However, it can be compared in each impact category. The comparison can indicate that 

the biogas power plant of case study in Thailand has higher impact score than the biogas 

power plant in Italy almost all impact category, which was almost all impact categories.    

 

 

 

 

 

 

Impact category Unit 
Biomass gasification 

power plant 

Biogas power 

plant 

Total mPt 0.99 1.1047 

Global warming 100a mPt 0.042 0.1068 

Ozone depletion mPt 0.111 0.0023 

Ozone formation (Vegetation) mPt 0.0261 0.3152 

Ozone formation (Human) mPt 0.0254 0.5092 

Acidification mPt 0.0046 0.0614 

Terrestrial eutrophication mPt 0.0129 0.0437 

Aquatic eutrophication EP(N) mPt 0.016 0.0318 

Aquatic eutrophication EP(P) mPt 0.349 0.0212 

Human toxicity air mPt 0.0141 0.0004 

Human toxicity water mPt 0.145 0.0085 

Human toxicity soil mPt 0.206 0.0002 

Hazardous waste mPt 0.0088 8.9E-06 

Slags/ashes mPt 0.0097 0.0008 

Bulk waste mPt 0.0071 0.0006 

Radioactive waste mPt 0.0123 0.0026 
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Table 5.17 Comparison of biogas power plant of case study and other biogas power 

plant per one kWh of electricity generation by ILCD method 

  

 

Impact category 

 

Unit 

 

Biogas with  

capacity 300 

kWh (Italy) 

 

Baseline 

case study 

(Thailand) 

Climate change kg CO2  eq 3.43E-01 9.34E-01 

Ozone depletion kg CFC-11 eq 9.26E-09 1.37E-08 

 Particulate matter kg PM2.5 eq 1.51E-04 1.1E-04 

Photochemical ozone formation kg NMVOC eq 7.83E-04 4.0E-04 

Acidification molc H+ eq 5.44E-03 2.8E-03 

Terrestrial eutrophication molc N eq 2.40E-02 1.38E-02 

 Freshwater eutrophication kg P eq 1.86E-05 2.3E-05 

 Marine eutrophication kg N eq 3.81E-04 13E-04 

 Mineral, fossil and ren resource 

depl. 

kg Sb eq 2.56E-06 8.8E-06 

  

 

The cause of difference environmental impact score between two biogas power plants is 

the technology in power plant. Thailand still have the lower technology than Italy about 

the management and control the process in the biogas power plant. In the case study of 

this study, there are many leaks of methane from digester due to low technology, and also 

needs to take a lot of transportation.
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CHAPTER 6 

 SCENARIO IMPROVEMENTS 
 

This Chapter will mention the highest environmental impacts on biogas power plant. In 

particular, this Chapter will consider how environmental impacts of anaerobic digestion 

can be improved by several scenario improvement. In order to see the different strategies 

and actions to improve their environmental performance.  

 

6.1 Scenario of the utilization of treated wastewater as fertilizer in rice cultivation 
 

In the anaerobic digestion of case study, it has the by-products as treated wastewater. 

However, treated wastewater have to store in the pond due to limitations of cultivated 

areas. Therefore, this scenario will propose the utilization of treated wastewater as 

fertilizer in cultivated areas. In other words, if the treated wastewater can use as fertilizer 

without storage in the pond, it can lead to the avoid emissions of using fertilizers. 

Moreover, it also can reduce methane emission from storage of treated wastewater in the 

pond. Presently, many farmers still use inorganic fertilizers in plantation because it can 

be easily found on the market. As using inorganic fertilizers, it may cause deterioration 

of soil quality. The vinasse or treated wastewater in this case can be used for cultivation 

in many counties. According to Thitakamol, (2010), the vinasse was applied at a rate of 

150 m3/rai in the cultivated areas of Ubon Ratchathani province before planting season, 

it can increase up to 200-300 % of rice yield. Likewise, according to Jangsirikul, (2008), 

using vinasse (treated wastewater in this case) as sources of potassium for sweet corn can 

increase a growth, yield and total potassium uptake of sweet corn significantly. The 

effectiveness of vinasse and potassium chloride on the increase of growth, yield and total 

uptake of sweet corn were similar. Utilization of vinasse as sources of potassium for sweet 

corn did not change soil pH. Therefore, vinasse could be used efficiently as potassium 

fertilizer for the cultivation. Normally, in the rice cultivation, farmer used urea (50 kg), 

N (9.17 kg), P2 O5 (3.67 kg) and K2O (2.5 kg) per rai (S.M.Shafie, 2012). This scenario 

proposes using treated wastewater for instead of using fertilizer in the rice cultivation. 

The impact assessment can be seen in Table 6.1 and Figure 6.1. However, the small power 

plant of case study experiments the using treated wastewater for rice cultivation. The 

result indicates that it has a good level of rice yield. 
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Table 6.1 Comparison of present impact assessment from producing of one kWh 

and proposed utilization of treated wastewater as fertilizer in rice cultivation 

 

  

 

 

  

  

 

 

 

 

 

 

Figure 6.1 Comparison of present impact assessment and proposed utilization of 

treated wastewater as fertilizer 

Negative results for the utilization of treated wastewater as fertilizer were obtained in this 

study, which are associated to reduction of many categories such as aquatic 

Impact category Unit 

Scenario 1:The 

utilization of treated 

wastewater as urea 

Baseline 

case 

study 

Total mPt -1.1191 -1.0151 

Global warming 100a mPt 0.0247 0.0330 

Ozone depletion mPt 0.0176 0.0203 

Ozone formation (Vegetation) mPt 0.3011 0.3149 

Ozone formation (Human) mPt 0.4845 0.5073 

Acidification mPt -0.0214 -0.0138 

Terrestrial eutrophication mPt 0.0441 0.0468 

Aquatic eutrophication EP(N) mPt 0.0218 0.0234 

Aquatic eutrophication EP(P) mPt -1.5825 -1.5653 

Human toxicity air mPt -0.0033 -0.0024 

Human toxicity water mPt -0.5343 -0.5168 

Human toxicity soil mPt -0.0013 -0.0008 

Hazardous waste mPt -0.0002 -0.0002 

Slags/ashes mPt -0.0665 -0.0662 

Bulk waste mPt 0.1443 0.1463 

Radioactive waste mPt 0.0522 0.0585 
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eutrophication EP(P) and so on. However, it can reduce the impact score for a little 

because the main impact is contributed by transportation and leakage of methane in 

digester. 

 

 6.2 Scenario of the changing type of digester 

 

Presently, there are many types of digester that can be used for anaerobic digestion. The 

decision for choosing the type of digester is considered by investment and areas. Surely, 

the cost of each types of digester is totally different. According to IPCC 2006, it is the 

leading international body for the assessment of climate change. The IPCC assesses 

research on climate change and synthesizes. From the research of IPCC, proposes the 

project that assessed the leaks of methane from different types of digester. The project 

used the technologically advanced for evaluating leaks of methane from anaerobic 

digester. The study can be concluded that the anaerobic digester can be classified into 

three groups. The first group is the digesters that made by steel or lined concrete or 

fiberglass digesters and a gas holding system. This type of digester is the most expensive. 

The second group is the upflow anaerobic sludge blanket (UASB) digesters, it can be 

used for wastewater treatment extensively, and has much less expensive than the first 

group.  The third group is covered anaerobic lagoon which is the digester of this case 

study. It is the cheapest because it can be made by materials and technology without the 

complexity. However, the IPCC proposed that the default value corresponding to the type 

of digester. Default emission factor for the fraction of methane produced that leaks from 

the anaerobic digester is 0.028 (first group), 0.05 (UASB) and 0.1 (covered anaerobic 

lagoon). Therefore, this scenario will used this default value to calculate the emissions 

from each types of digester. The details and sample calculations can be seen in Appendix 

D and Table D.1. However, this scenario proposes to change the types of digester. The 

impact assessment can be seen in Table 6.2 and Figure 6.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 Comparison of present impact assessment from 

producing one kWh and proposed scenario of the changing type of digester 
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Table 6.2 Comparison of present impact assessment from producing one kWh and 

proposed scenario of the changing type of digester 

 

The comparison of impact assessment of changing type of digesters in Table 6.2 shows 

that the digesters with steel or lined concrete or fiberglass digester (the first group) is the 

best (-1.5379 mPt). The upflow anaerobic sludge blanket (UASB) contributed -1.4060 

mPt follow by covered anaerobic lagoon (baseline case study)-1.0151 mPt. The total 

score of each types of digester can indicate that the digesters with steel or lined concrete 

or fiberglass digester (the first group) contributed the lowest environmental impacts 

follow by UASB and covered anaerobic lagoon, respectively. Therefore, each types of 

digester which have the different technology levels can lead to the different 

environmental impact score significantly. However, this scenario considered only the 

environmental aspects for education purpose. In reality, for choosing the types of digester, 

it is necessary to consider in terms of economics and the suitability of areas. The total 

score network structure of each types of digester can be shown in Figure 6.3 and 6.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact category Unit 
1. Steel 

digester 
2.UASB 

Baseline 

case study 

Total mPt -1.5379 -1.4060 -1.0151 

Global warming 100a mPt -0.0394 -0.0210 0.0330 

Ozone depletion mPt 0.0203 0.0203 0.0203 

Ozone formation (Vegetation) mPt 0.1483 0.1905 0.3149 

Ozone formation (Human) mPt 0.2262 0.2974 0.5073 

Acidification mPt -0.0138 -0.0138 -0.0138 

Terrestrial eutrophication mPt 0.0468 0.0468 0.0468 

Aquatic eutrophication EP(N) mPt 0.0234 0.0234 0.0234 

Aquatic eutrophication EP(P) mPt -1.5674 -1.5674 -1.5653 

Human toxicity air mPt -0.0024 -0.0024 -0.0024 

Human toxicity water mPt -0.5175 -0.5175 -0.5168 

Human toxicity soil mPt -0.0008 -0.0008 -0.0008 

Hazardous waste mPt -0.0002 -0.0002 -0.0002 

Slags/ashes mPt -0.0663 -0.0663 -0.0662 

Bulk waste mPt 0.1463 0.1463 0.1463 

Radioactive waste mPt 0.0587 0.0587 0.0585 
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Figure 6.3 The network structure of digesters with steel of lined concrete per one 

kWh if electricity produced (cut-off 1%) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.4 The network structure of UASB digester per one kWh of electricity 

produced (cut-off 1%)  
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6.3  Scenario of setting up of biogas power plant in alcoholic beverage factory 

 

The impact assessment of this case study indicates that the highest impacts is contributed 

by transportation. The transportation in this case is occurred by transporting vinasse from 

the alcohol faculty. Because of the large amount of vinasse and limiting capacity of truck, 

it requires a lot of transport. As This scenario would like to reduce the burden of transport. 

Therefore, this scenario proposes setting up of biogas power plant in alcoholic beverage 

factory. 

 

 

Table 6.3 Comparison of present impact assessment from producing one kWh and 

proposed scenario of setting up of biogas power plant in alcoholic beverage factory 

 

Impact category Unit 

Scenario of setting up 

of biogas power plant 

in alcoholic beverage 

factory 

 

Baseline 

case 

study 

Total mPt -1.6969 -1.0151 

Global warming 100a mPt 0.0075 0.0330 

Ozone depletion mPt -0.0196 0.0203 

Ozone formation (Vegetation) mPt 0.2631 0.3149 

Ozone formation (Human) mPt 0.4331 0.5073 

Acidification mPt -0.0634 -0.0138 

Terrestrial eutrophication mPt 0.0186 0.0468 

Aquatic eutrophication EP(N) mPt 0.0027 0.0234 

Aquatic eutrophication EP(P) mPt -1.6151 -1.5653 

Human toxicity air mPt -0.0108 -0.0024 

Human toxicity water mPt -0.5746 -0.5168 

Human toxicity soil mPt -0.0054 -0.0008 

Hazardous waste mPt -0.0004 -0.0002 

Slags/ashes mPt -0.0674 -0.0662 

Bulk waste mPt -0.0138 0.1463 

Radioactive waste mPt -0.0512 0.0585 

 

 

The result of comparison in Table 6.3 shows that the scenario of setting up of biogas 

power plant in alcoholic beverage factory can reduce the impact score. The total score of 

this scenario is -1.6969 mPt which reduced from -1.0151 mPt. It indicates that the setting 

up of biogas power plant in alcoholic beverage factory can reduce the impacts of 

producing electricity in biogas power plant because of reducing transportation. However, 

it is necessary to consider the other sides because there are many limitation for setting up 

biogas power plant such as areas, community acceptance, capital investment and so on. 
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Figure 6.5 Comparison of present impact and proposed scenario of setting up of 

biogas power plant in alcoholic beverage factory 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6 The network structure of scenario of setting up of biogas power plant in 

alcoholic beverage factory per one kWh of electricity produced (cut-off 1%)  



  65 

 

6.4   Scenario of setting up of biogas power plant with UASB digester in alcoholic 

beverage factory 

This   scenario proposed the setting up of UASB biogas power plant in alcohol factories. 

According to Leelasuphapong, 2006, proposed that the setting up of biogas power plant 

with UASB digester in alcoholic beverage factory has the worth the investment. However, 

this scenario aims to compare with biomass gasification power plant, so it does not 

consider the avoided emissions.  The network structure can be shown in Figure 6.7. The 

total score can be seen in Table 6.4. 

 

 

Figure 6.7 The network structure of scenario of setting up of biogas power plant 

with UASB digester in alcoholic beverage factory (cut-off 0.35%) 
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Table 6.4 Comparison of present impact assessment per one kWh without 

considering avoided emission   

 

 

 

The total score of scenario setting up of biogas power plant with UASB digester in 

alcoholic beverage factory is 0.7164 mPt which reduce from 1.1047 mPt. Moreover, the 

total score of this scenario can indicate that if the biogas power plant can reduce the 

transportation and leaks of methane, it will provide lower impact score than the biomass 

gasification power plant.   

 

 

 

 

 

 

 

 

Impact category Unit 

Biomass 

gasification 

power plant 

UASB 

digester in 

alcoholic 

beverage 

factory 

Baseline 

case study 

Total mPt 0.99 0.7164 1.1047 

Global warming 100a mPt 0.042 0.0527 0.1068 

Ozone depletion mPt 0.111 0.0022 0.0023 

Ozone formation (Vegetation) mPt 0.0261 0.1908 0.3152 

Ozone formation (Human) mPt 0.0254 0.2993 0.5092 

Acidification mPt 0.0046 0.0614 0.0614 

Terrestrial eutrophication mPt 0.0129 0.0437 0.0437 

Aquatic eutrophication EP(N) mPt 0.016 0.0318 0.0318 

Aquatic eutrophication EP(P) mPt 0.349 0.0212 0.0212 

Human toxicity air mPt 0.0141 0.0004 0.0004 

Human toxicity water mPt 0.145 0.0085 0.0085 

Human toxicity soil mPt 0.206 0.0002 0.0002 

Hazardous waste mPt 0.0088 8.8E-06 8.9E-06 

Slags/ashes mPt 0.0097 0.0008 0.0008 

Bulk waste mPt 0.0071 0.0006 0.0006 

Radioactive waste mPt 0.0123 0.0026 0.0026 



  67 

 

CHAPTER 7 

 SENSITIVITY ANALYSIS 

 

 

This Chapter proposed the consideration and discussion the sensitivity of the study. This 

sensitivity analysis was conducted to determine the parameters that had the largest effects 

on the impact results.  

 

7.1  Sensitivity analysis from variability ratio of vinasse used and electricity        

       produced 

 

This sensitivity analysis can lead to know how the result of impacts in the study are 

affected by changing the ratio of vinasse used and electricity produced. Normally, the 

amount of vinasse that is used by anaerobic digestion is uncertainty. This analysis aims 

to investigate the relationship between vinasse used and electricity produced. It is similar 

with the assessment of the efficiency in the biogas power plant system but in this case the 

efficiency of anaerobic digestion is very complex. There are many factors that can affect 

the efficiency in the anaerobic digestion such as pH, temperature, proportion of minerals 

and so on. In the real case, some of those factors cannot control because it is based on 

natural essentials. The generating biogas is also depending on the cod value of vinasse. 

Although it takes a lot of transport, but it could not confirm to increasing the electricity 

produced. The amount of vinasse used in biogas power plant can be shown in Figure 7.1, 

and amount of electricity produced can be shown in Figure 7.2. Therefore, this sensitivity 

analysis of ratio of vinasse used and electricity produced will consider to three cases: 

high, average and low ratio. The ratio of vinasse used and electricity produced can be 

seen in Figure 7.3. 

 

 

   

  

   

  

  

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

Figure 7.1 The amount of vinasse used in biogas power plant from 2013-2014 
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Figure 7.2 The amount of electricity produced in biogas power plant from 2013-

2014 

 

 

  

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.3 The ratio of vinasse used and electricity produced in biogas power plant 

from 2013-2014 
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Figure 7.1 and 7.2, it can show the movement of amount of vinasse used and electricity 

used in biogas power plant from 2013-2014. The amount of vinasse has decreased from 

February to April in 2013, and January in 2014. The value reached a peak on January in 

2014.The fluctuation of vinasse used aligned with the fluctuation of electricity produced 

on August (2013) to December (2013) and August (2014) to November (2014). However, 

this condition did not occur on January (2014) and August (2014). The biogas power plant 

used the vinasse on January (2014) much than month before but it can produce electricity 

less than month before.  In Figure 7.3, the ratio of vinasse used and electricity produced 

in biogas power plant can indicate the efficiency of biogas power plant. The high ratio of 

vinasse used and electricity produced has the low efficiency in biogas power plant. It 

means that for electricity generation needs much amount of vinasse than others. On the 

other hand, it is more efficient if the biogas power plant can use a certain amount of 

vinasse as raw material to gain the maximum electricity produced. This sensitivity 

analysis will consider the high, low, and average ratio of vinasse used as input and 

electricity produced as output of biogas power plant. It is entered into the SimaPro 

software. The high ratio and low ratio of vinasse used and electricity produced is on 

January (2014) and August (2014), respectively.  

  

Figure 7.4 shows the normalization result of sensitivity by allocation of one kWh of 

producing electricity. It can indicate the variation of ratio of vinasse used and electricity 

produced affected the impacts. As seen in Figure 7.4, the ratio in maximum value can 

lead to the higher emission impacts than minimum value. Especially, the ozone formation 

(vegetation), ozone formation (Human) and bulk waste which are the high emission 

impacts. However, the minimum value of ratio of vinasse used and electricity produced 

can lead to the lower impacts than average and maximum. This sensitivity analysis can 

show that the variability of ratio of vinasse used and electricity produced can lead to the 

changing of environmental impacts. However, this analysis proposed only in term of 

sensitivity of variability of ratio of vinasse used and electricity produced. This study did 

not consider to find the causes of variability in the ratio of vinasse used and electricity 

produced. However, in real case, the efficiency of producing electricity in biogas power 

plant may depend on many factors such temperature in digester, efficiency of biogas 

engine, concentration of the raw material and so on.  
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Figure 7.4 Normalization result of sensitivity analysis per one kWh of producing 

electricity 

 

 

7.2 Sensitivity analysis from changing efficiency of biogas engine  

 

This sector proposed the considering affects from changing efficiency of biogas engine. 

If the efficiency of biogas engine increases, it will affect the amount of electricity 

produced. Normally, the lower heating values (LHV) of biogas that mixed 60% of 

methane is equal to 20-21.5 MJ/ m3 of biogas. According to Pourmovahed (2011), 

proposed the LHV of biogas that mixed 62% of methane is equal to 21 MJ/m3of biogas.  

Therefore, in this case, the efficiency of biogas engine is 27.23%, the calculation can be 

seen in Appendix D. However, in Denmark, the efficiency of biogas engine was 36.05 on 

average (Jan K. Jensen, 2011). Therefore, this analysis will consider the sensitivity by 

changing efficiency of biogas engine to be 36.0%. 

 

In Figure 7.5, the small biogas power plant can reduce environmental impacts from -

1.0151to -1.4506 mPt by improving the efficiency of biogas engine up to 36.0%. 

However, this sensitivity analysis considered only in term of sensitivity of changing the 

efficiency of biogas engine. Tn real case, there are many limitation s for improving the 

efficiency of biogas engine due of investment restrictions.  

 



  71 

 

-2.0000 -1.5000 -1.0000 -0.5000 0.0000 0.5000 1.0000

Global warming 100a

Ozone depletion

Ozone formation (Vegetation)

Ozone formation (Human)

Acidification

Terrestrial eutrophication

Aquatic eutrophication EP(N)

Aquatic eutrophication EP(P)

Human toxicity air

Human toxicity water

Human toxicity soil

Hazardous waste

Slags/ashes

Bulk waste

Radioactive waste

Baseline case study Electricity produced with 36 % engine efficiency
mPt

Table 7.1 The result of impact assessment per one kWh of producing electricity by 

improving efficiency of biogas engine 

   

   

Impact category Unit 

Electricity 

produced with 

36 % engine 

efficiency 

Baseline 

case study 

Total mPt -1.4506 -1.0151 

Ozone formation (Human) mPt 0.0008 0.0330 

Ozone formation (Vegetation) mPt 0.0100 0.0203 

Bulk waste mPt 0.2254 0.3149 

Radioactive waste mPt 0.3651 0.5073 

Terrestrial eutrophication mPt -0.0409 -0.0138 

Ozone depletion mPt 0.0292 0.0468 

Aquatic eutrophication EP(N) mPt 0.0106 0.0234 

Human toxicity soil mPt -1.5827 -1.5653 

Human toxicity air mPt -0.0045 -0.0024 

Hazardous waste mPt -0.5330 -0.5168 

Global warming 100a mPt -0.0020 -0.0008 

Acidification mPt -0.0002 -0.0002 

Slags/ashes mPt -0.0667 -0.0662 

Human toxicity water mPt 0.1071 0.1463 

Aquatic eutrophication EP(P) mPt 0.0311 0.0585 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.5 Comparison per one kWh of producing electricity by improving 

efficiency of biogas engine 
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CHAPTER 8 

 CONCLUSIONS AND RECOMMENDATIONS 

 

This Chapter proposed the conclusions from the analysis in this study for fulfilling the 

objectives of the study. Moreover, this Chapter also provided the recommendations for 

improving the result for more accuracy. 

 

8.1 Conclusions 

 

The gate-to-gate life cycle of producing electricity from small biogas power plant was 

analyzed in this study, and also included transportation stage. Recorded data collection 

of the company and interviews were conducted to obtain relevant data. SimaPro 8.0.4 

with EDIP 2003 method was used to generate the impact assessment of one kWh of 

producing electricity. Additionally, SimaPro database and data from literature was used 

as life cycle inventory of input and output. 

 

The total emission from whole small biogas power plant processes with one kWh of 

producing electricity as functional unit is - 1.0151 mPt. The result shows the negative 

value because there are many avoided emissions in the biogas power plant. It means the 

biogas power plant can reduce the environmental impacts. The highest emission is from 

ozone formation (human) (0.5073 mPt/one kWh of producing electricity) followed by 

ozone formation (vegetation) (0.3149 mPt/one kWh of producing electricity) and bulk 

waste (0.1463mPt/one kWh of producing electricity. Anaerobic digestion was found to 

be hot spot of highest environmental impact over the whole process (40.18%) whereas 

Transportation stage contributed 38.00%.The emission from leakage of methane from 

digester was believed to contribute significantly to the total impact assessment in 

anaerobic digestion stage, especially most dominant in ozone formation (human), ozone 

formation (vegetation), and global warming.  

 

 

The LCA result was compared with a small biomass gasification power plant in Thailand 

which has the same system boundary, functional unit and method. The comparison was 

considered without evaluating avoided emissions. It shows that the small biogas power 

plant contributed higher emission than small biomass gasification power plant, which 

impact score is 1.7864 mPt and 0.99 mPt, respectively. However, the scenario of setting 

up of biogas power plant with UASB digester in alcoholic beverage factory can shows 

that the result can reduce from 1.7864 mPt to 0.7164 mPt. This result indicates that the 

setting up of biogas power plant with UASB digester in alcoholic beverage has the lower 

impact score than small biomass gasification power plant. The analysis shows the biogas 

power plant has to evaluate and control about transportation load and leaks of methane 

impact judiciously, otherwise the total impact score will highly increase. The second 

comparison is consider between biogas power plant of case study in Thailand and other 

biogas power plant in Italy. The analysis shows that the cause of difference environmental 

impact score between two biogas power plants is the technology in power plant. Thailand 

still have the lower technology than Italy about the management and control the process 

in the biogas power plant. In the case study of this study, there are many leaks of methane 

from digester due to low technology, and also needs to take a lot of transportation. 

  



  73 

 

The Scenario of the utilization of treated wastewater as substitution of fertilizer in rice 

cultivation shows that it can reduce the impact score from -1.0151 to -1.1191 mPt. It also 

can show that the by-products of biogas power plant is useful in agriculture. In particular, 

if the treated wastewater can be used for all as fertilizer in the agriculture areas, it can 

reduce the cost and using chemical fertilizer. It shows that the biogas power plant has 

more advantages that disadvantages for neighboring areas, especially agricultural areas. 

Meanwhile, scenario of the changing type of digester can indicate that the technology and 

structural digester can lead to the different impact score significantly. The result shows 

that the digesters with steel or lined concrete or fiberglass digester (the first group) is the 

best (-1.5379 mPt). The upflow anaerobic sludge blanket (UASB) contributed -1.4060 

mPt follow by covered anaerobic lagoon (-1.0151 mPt). Moreover, the impact score is 

decreased from reducing transportation by scenario of setting up the biogas power plant 

in the alcoholic beverage factory. The result indicates that it can reduce the impact score 

from -1.0151 to -1.6969 mPt. However, transporting aspects of the vinasse must be 

carefully evaluated because transporting the feedstock over long distances can offset the 

environmental benefits due to the replacement of energy generation from fossil fuels.  

 

8.2  Recommendations 

 

The following are recommendations to improve further study. 

  

1. There are many limitation of data collection because of limited time period. 

Therefore, it has to use the SimaPro database which most of data are collected 

in Western countries. However, currently, Thailand also have departments 

who were conducting the LCI but it still has no data about this study. 

 

2. Some of data cannot collect such as leaks of methane in the digester because 

it requires the advanced technology. As a result, it can potentially cause the 

result to be accurate. 

 

3. The assessment in this study should consider in term of cost and productivity 

for motivation because many companies are always interested in cost and 

productivity in their processes. 

 

4. The scenario improvements could not be applied immediately, it is the study 

to find the way to improve for reducing environmental impact. It has to study 

the possibility of investing. For example, for scenario of changing type and 

setting up of biogas, it has to consider the value of the investment for applying 

it. 

5. For setting up of biogas power plant, should have the good management of 

transportation which should consider the appropriate location.   
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APPENDIX A 

Questionnaires for potential of production in small biogas power plant 

 

Small digester 

 

1. What is the function of the small digester? 

2. What raw materials are used in this process? 

3. How much amount of raw material for this process? 

4. What chemicals are used in this process? 

5. What is the pH of wastewater for the producing biogas? 

6. How long does the fermentation in this process used before send to big digester?  

7. What factors are affected to the pH value in this process?  

8. What kinds of energy are used in this process? 

9. How often does you change a cover of small digester?  

10. What factors are affected to changing cover of digester? 

11. How much ratio of fertilizer from the fermentation?  

12. How much size of this digester? 

13. How much are BOD and COD of the wastewater influent? 

14. How much MWh of electricity use/amount of treated wastewater?   

15. How much is the distance for transporting raw materials to the factory? 

16. What are used to adjust the pH value? How much? 

 

Big digester 

 

17.  What is the function of the big digester? 

18. How often does you change a cover of digester? 

19. What factors are affected to changing cover of digester? 

20. How much ratio of fertilizer per output from fermentation? 

21. How much is the size of the big digester? 

22. How much leakage of biogas per year? 

23. How much BOD and COD of treated wastewater form this process? 

24. Where is the treated wastewater that is discharged?  

25. How much treated wastewater from this process? 

26. How long it take for fermentation?  

27. How much MWh of electricity use in this process?   

28. What is the temperature inside digester? 

29. How to control the temperature inside this process? 

30. How to release the treated wastewater from inside digester? 

31. How much biogas which you produce and average composition? 

32. What is the unwanted gas which produced in this process? 

33. How to eliminate the unwanted gas? 

 

Cleaning gas system 

 

34. What is the function of cleaning gas system? 

35. What are the sub-processes in this system? 

36. What is the gas that can eliminate? 

37. Where is the unwanted gas sending to? 

38. How much ratio of each types of gas after eliminated the unwanted gas? 
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Engine generator  

 

39. What is the fuel which you use? 

40. How much fuel that you use for engine generator? 

41. Why do you want to use this type of engine? 

42. What factors are affected to the performance of producing electricity in this 

engine? 

43. How much MWh of electricity from biogas which you can generate? 

44. After produced electricity, where is it going? 

45. What are the wastes or emissions, while the engine was burning? 

46. How much the sound of engine, while the engine was burning? 

47. How much the smoke from the engine, while the engine was burning? 

48. For starting engine, do you use others fuel? , if you used, what is it? 

49. Do you use electricity in this process? How much? 

50. Does it have the heat from this process? How much? 

 

General information of this power plant 

 

51. Who are the buyers of your product? 

52. How much are percentages of the biogas utilization? 

- Electricity generation for selling off-site 

- Electricity generation for selling off-site 

53. Where is the treated wastewater that is discharged?  

 

 

**Thank you for your kindness** 
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APPENDIX B 

Determination of emissions of methane from the anaerobic digestion 
 

Due to lack of data about emissions of methane from the anaerobic digester, it is used 

from the literature. The assessment of emissions in the anaerobic digestion in this study 

will be considered in two parts as follows:  

B1. Determination of emissions of methane from the anaerobic digester 

The emission of methane from the anaerobic digester include emissions which occurred 

from maintenance of the digester, physical leaks such as the roof and side walls, and 

release through safety valves due to excess pressure in the digester. These emissions can 

calculate by using these equations. 

ECH4,𝑑 = QCH4,d. FCH4,default      (1) 

 

Denote: 

ECH4,𝑑          =  The emissions of methane from the anaerobic digester in day d 

(t CO2e) 

QCH4,d           =  Quantity of methane produced in the anaerobic digester in day d 

(tCH4) 

FCH4,default  = Default emission factor for the fraction of  CH4 produced that 

leaks    from the anaerobic digester (fraction) 

 

B1.1 Determine the quantity of methane produced in the anaerobic digester in day 

(QCH4,d) 

QCH4,d  =  Qbiogas,d . fCH4
 . 𝜌CH4

      

 (2) 

 

Denote: 

QCH4,d     =   Quantity of methane produced in the anaerobic digester in day d 

(tCH4) 

Qbiogas,d  =  Amount of biogas collected at the digester in day d (Nm3biogas)  

fCH4
         =  The fraction of methane in the biogas (Nm3 CH4/Nm3biogas) 

𝜌CH4
        =   Density of methane at normal conditions (tCH4/Nm3CH4) 

Therefore; QCH4,d  =  11,826.758 x 0.61 x 0.00067 = 4.834 (tCH4)  

For (1) can calculate;  

ECH4,𝑑 = QCH4,d. FCH4,default  

                            = 4.834 x 0.1 

   = 0.4834 ton of methane/day 

 

B2. Determination of emission of methane from storage of treated wastewater 

 The treated wastewater will be released from the digester after produced biogas. It will 

be sent to the pond that store to wait for using in agriculture. The Surely, the treated 
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wastewater still has the higher BOD/COD value than general water, BOD and COD 

values of treated wastewater is 1,550 mg/l and 5,885 mg/l, respectively. During the 

storage, the emission of methane is released to the air. These emissions can calculate by 

using this equation. 

Estorage,y = QStored,,y. PCOD,y . Mmax. MC     (3) 

Denote: 

Estorage,y is leakage emissions associated with storage of digestate in year y (t CO2e) 

QStored,,y is amount of liquid digestate stored anaerobically in year y (m3) 

PCOD,y is  average COD of the liquid digestate in year y (t COD/m3) 

Mmax is methane producing capacity of the wastewater (tCH4/tCOD 

 MC   is  methane correction factor for wastewater treatment and discharge  pathway 

GWPCH4
 is global warming potential of CH4 (t CO2/tCH4) 

Therefore;  Estorage,y  = QStored,,y. PCOD,y . Mmax. MC  

              = 64,970 x 0.005885 x 0.21 x 0.1 

              = 8.03 y (t CH4e) or 0.02 d (t CH4)  

   = 8.03 ton of methane per year or 0.02 ton of methane per day 
 

This calculation can show that the emission of methane from the anaerobic digestion is 

0.5034 d (t CH4). It come from leaks of digester and leakage emission associated with 

storage of liquid digestate. On the other hand, the solid digestate will be used to plantation 

land as fertilizer aerobically with a small amount. Therefore, the methane correction 

factor for solid digestate is zero.  
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16,088 kWh 

or 57,916  MJ 

 

O 

 

 Orน  

10,128.53 m3 

or 21,2699.12 MJ 

 

APPENDIX C 

Efficiency of efficiency of biogas engine set in the small biogas power plant 

 

 

 

 

  

 

 

 

Figure C.1 The biogas engine generator system 

 

Find the efficiency of biogas engine set 

The biogas engine generator set consists internal combustion engine, shaft, cooling 

system and generator. Due to limitation of data, the efficiency of biogas engine can be 

considered by using the lower hearting value of biogas. In principle, the lower heating 

values (LHV) of biogas that mixed 60% of methane is equal to 20-21.5 MJ/m3of biogas. 

According to Pourmovahed (2011), proposed the LHV of biogas that mixed 62 % of 

methane is equal to 21 MJ/m3of biogas. The calculation can be shown as following 

equation: 

   ŋbiogas engine set =  
Output

Input
    =  

16,088 kwh/day x 3.6 

10,128.53  m3/day x 21 MJ/m3
 = 0.2723 or 27.23 % 

Therefore, this result can conclude that the efficiency of biogas engine is 27.23 % which 

has the fuel consumption rate 1.59 m3/kWh. 

 

 

 

 

 

 

 


