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ABSTRACT 

 

 The environmental impact of liquid paperboard (LPB) waste disposal was 
analyzed by comparing landfill and recycling. The environmental impact assessment 
was done by using the method for Life Cycle Assessment (LCA) of Centre for 
Environmental Studies (CML 1992), University of Leiden as a guideline and 
SimaPro 7.0 software, v. 2.03. Primary data on the mass of liquid paperboard waste 
from households were collected by using questionnaires. Data on energy and 
resource consumption, and generation of solid residues were collected from green 
board manufacturers, the On-nuch Transferring Station, and landfill dumping sites. 
General data, such as the emissions to air, the emissions from transportation, were 
obtained from the SimaPro 7.0 software database. The LPB production process and 
the recycling and landfill technology were expected not to change over the next five 
years.  
 
 The result showed that the environmental impact in terms of energy 
consumption is 274 MJLHV per 1 ton LPB waste for landfill, while recycling 
consumes 312 MJLHV per 1 ton LPB waste. Indirect energy consumption from 
transportation, which is included in the system boundary for both treatment options, 
is a major cause of energy loss for landfill and recycling operations. In comparing of 
the two treatment options recycling and landfill, green board production from 
recycling generated environmental impacts as high as sanitary landfill. Both LPB 
waste treatment methods do not different much overall environment impact 
categories.  
 
 
KEYWORDS : LIQUIDPAPERBOARD PACKAGING WASTE / LIFE CYCLE 

ASSESSMENT / RECYCLING / LANDFILL / ENVIRONMENTAL IMPACT 
114 pp. 
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 การศึกษาผลกระทบสิ่งแวดลอมของขยะบรรจุภัณฑประเภทลามิเนตหรือกลองบรรจุเครื่องดื่ม เชน กลอง
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1992)  และใชโปรแกรมสําเร็จรูป SimaPRO 7.0 เวอรชั่น 2.03 ชวยในการประมวลผล  
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CHAPTER  I 

INTRODUCTION 

 

1.1 Background 
1.1.1    Life Cycle Development 

              The essence of life cycle assessment is the evaluation of the relevant  

environmental, economic, and technological implications of a material, process, or 

product across its life –span from creation to waste or, preferably, to re-creation in the 

same or another useful form. 

LCA is used to assess the potential environmental impact of a material,  

product or service throughout its entire life cycle, from the extraction of the raw 

materials, the production process, and the user phase, to the final disposal (Krozer and 

Vis, 1998).    Governments and customers expect the company to pay attention to the 

environmental protection of all products and environmental management system 

demand continuous improvement. LCA and its utilization is the way to meet this 

requirement. 

  The LCA methodology is well suited to identify hot spots and options 

for improvements in waste disposal. LCA can be used to simulate both future 

situations and new technology as a tool for future environmental investigations. Life 

cycle assessment is a holistic view of the environmental performance of products and 

services. It is measure how much impact a product has both directly and indirectly. An 

LCA covers all phases of the product’s life cycle and covers all significant 

environmental impacts.  Life cycle assessment combines many environmental tools 

together; system analysis, input-out put analysis, risk assessment and environmental 

impact assessment.  And the unique is its report that present all result in terms of the 

functional unit and directly links the market for goods and service to environment 

improvement (Schenck, 2002). 

  The study of life cycle assessment (LCA) is used to assess the potential 

environmental impact of materials, product or service throughout its entire life cycle.  
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The study starts from raw material extraction, product process and the user phase to 

the final disposal (Society of Environment Toxicology and Chemistry, 1993). 

  The International Standard Organization (ISO) has defined LCA as “a 

technique for assessing the environmental aspects and potential impacts associated 

with products by: compiling an inventory of relevant inputs and outputs of a product 

system, evaluating the potential environmental impacts associated with those inputs 

and outputs, interpreting the results of the inventory analysis and impact assessment 

phases in relation to the objectives of the study” (Grant, James, Lundie, and 

Sonneveld,  2001). 

The technical framework for life cycle assessment consists of four  

components, each having a very important role in the assessment. They are interrelated 

throughout the entire assessment and in accordance to the current terminology of the 

International Standardization Organization (ISO). The components are goal and scope 

definition, inventory analysis, impact assessment, (and interpretation as shown in 

figure 1-1.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1 The components of an LCA                                                      

                                 Source : Graedel and Allenby, 1995 

Goal and scope definition 
This study, the objective is to 
assess environmental impact of 
LPB waste management (landfill 
and recycling) m iquidpaperboard 
di d il

Inventory analysis;  
kg GWP,  
MJ energy, 
kg solid waste. 
 

Impact assessment 
Greenhouse gases, energy 
resources use and land use. 
 

 
 

Interpretation 
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1.1.2  Goal and scope definition 

The goal and scope of the study needs to be clearly defined. The goal  

should state the application or purpose of the study; the audience, which the results are 

intended for; the product of function that is to be studied; and the scope of the study. 

When defining the scope, the consideration of the functional unit, system boundaries 

and data quality requirements are some of the issues to be covered. 

 

1.1.3  Inventory analysis 

Inventory analysis is concerned with the collection, analysis and  

validation of data that quantifies the appropriate inputs and outputs of a product / 

process system. The results include a process flow chart and a list of all environmental 

inventories (inventory table) which are associated with the product under study. 

(Vigon and Jensen, 1995) 

 

1.1.4  Impact assessment 

The primary aim of an impact assessment is to identify and establish a  

linkage between the product’s life cycle and the potential environmental impacts 

associated with it. The impact assessment stage consists of the phases that are intended 

to evaluate the significance of the potential environmental effects associated with the 

product system. 

 

1.1.5  Interpretation 

Interpretation is a systematic evaluation of the needs and opportunities  

to reduce the environmental burden, such as changes in product, process and service 

design and reductions in raw material and /or energy usage. 

 

1.1.6  Life Cycle development in Thailand 

  Thailand industrial standard institute, Thailand environment institute 

and Department of industrial work have introduced LCA base on ISO 14000 to 

Thailand’s manufacturing since 1997. The technical framework for life cycle 

assessment consists of four components, each having a very important role in the 

assessment. They are interrelated throughout the entire assessment and in accordance 
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to the current terminology of the International Standardization Organization (ISO). 

The beginning of LCA in Thailand is a seminar or workshop which focuses on 

Thailand Business Council for Sustainable Development: TBCSD), NGO, educational 

Institute, government and scholar. Since 2002, Thai LCA Forum/Network was found 

to be LCA information and activities center through http://doi.eng.cmu.ac.th/Thailca. 

However, LCA study is quite new knowledge and limit in some group of people in 

university, NGO, and government organisation.  

  In university, LCA was promoted in study course and research for 

instant Asian Institute of Technology (AIT) where has many research related such as 

Life Cycle Assessment of Paperboard Packaging Produced in Medium-sized Factory 

in Thailand, Environmental Optimization of Residential Water Supply. Also in 

Kasertsart University investigated in LCA such as Environmental Life Cycle 

Assessment of Shrimp Production in Thailand: A Case Study in Ranong Province , 

LCA Evaluation for Grid Electricity Power Plants in Thailand Using LCANETS 

Method, Life Cycle Assessment Model for Process Design with Pro II and SimaPro, 

Life Cycle Assessment of Thermal and Hydro Power Plants in Thailand Using 

SimaPro, Life Cycle Assessment for Thermal and Coal Fired Power Generation 

Systems in Thailand Using SimaPro5.0,  Life Cycle Environmental Assessment of 

Rotary Compressor, DfE for Electrical and Electronic Equipment: Case Study of 

Room Air Conditioner. One of educational institute, Chiangmai University promoted 

LCA to research such as Life Cycle Assessment of Commercially Cabinet 

Refrigerator.  Another university promoted LCA to their research was the Joint 

Graduate School of Energy and Environment (JGSEE); King Mongkutt University of 

Technology.  

  There are many research as follow; Application of Life Cycle 

Assessment to Cleaner Production, International Energy, Central and Individual Air-

Conditioning Systems – Comparison of Environmental Impacts and Resource 

Consumption in a Life Cycle Perspective, Recycling Technologies in a Life Cycle 

Perspective, Beyond Energy Efficiency, Application of LCA for Integrated 

Environmental Assessment, Evaluation of Environmental Effects and Energy 

Efficiency of Municipal Solid Waste Incineration in Thailand, LCA: A Decision 

Support Tool to Evaluate Environmental Impacts of Sustainable MSW Management . 
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Thailand Environment Institute (TEI) is an important NGO and  

research group who have introduced the LCA knowledge to industrial sector and 

public by training, seminar and workshop. The various research and project which was 

studied by TEI as follow; Life Cycle Inventory for Cement Product and Steel Making 

towards Sustainable Development by Thailand Environment Institute, The study of 

EU Directives: WEEE and ROHs effect to electronic Industry in Thailand, Thailand 

Final Report for the Project on Life Cycle Assessment for Asian Countries Phase lll: 

for Japan Environment Management Association for Industries (JEMAI). Project 

duration is 3 years continuous which comprise of environmental LCI of Thailand 

material/infrastructure; Electricity Grid Mixes, fossil fuel and steel, LCA case study 

on cassette tape project which cooperate to Sony Magnetic Products (Thailand) was 

funded by Asian Productivity Organization (APO) Government organization who play 

an important role to be driving force on LCA are the Thailand Research fund and the 

National Science and Technology Development Agency (NSTDA) by National metal 

and materials technology center; Clean technology research group;. Many project and 

activity related was launch such as training for LCA researcher, grant to university and 

NGO to study and research on LCA to produce database and to do policy guide line in 

Thailand. 

          LCA is one suitable tool to assess the environmental impact of solid 

waste disposal. Solid and hazardous waste is a serious problem facing many of the 

urban and industrial areas of Thailand. Considerable progress has been made in the 

past decade to improve waste management practices in the country, but the unfinished 

agenda, including the following issues, remains challenging. In particular, there is a 

large untapped potential in recycling and waste reduction. Safe and effective 

municipal waste collection, treatment, and disposal systems are only just beginning to 

take shape in most areas of the country. Safe hazardous and infectious waste treatment 

and disposal systems need to be built to keep pace with the growth in waste 

generation. Sustainable financing for solid waste is still elusive and government 

agencies are challenged by staffing limitations. (Pollution Control Department, 2005).   

Recycling has become one of the most prominent activities responses  

by individual householders in their effort to reduce their impact on the environment. 

Recycling systems grew out of increasing environmental awareness in the late 1980’s 
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and early 1990’s.  However, as recycling costs increased, and the market for 

recyclables became volatile, questions were asked all over the world regarding the 

environmental value of recycling. 
          In Thailand, beverage carton waste was disposed in high volume 

because its packaging design to ready to eat and rapidly used and disposed.  Beverage 

cartons or laminated carton or liquidpaperboard carton has many layers laminated 

which compound of paper, plastic and/or aluminum that cuase to treat difficulty. 

Although this kind of waste has increasingly every year but the rate of recycle still low 

because of their light weight, contaminated and low price so the waste collector is not 

interested to collect them. Current available of beverage carton waste treatment 

technologies in Thailand are repulping, greenboard producing and landfilling. 

Landfilling is a main technology to manage beverage carton waste. Anyway, a small 

proportion of liquid packaging waste was re-puping and produced greenboard 

although the waste contains high quality of origin material; paper, plastic and 

aluminum. Magic eyes and Tetrapak (Thai) cooperate to promote in school within 

Bangkok and Samutprakarn area to separate and collect and beverage carton waste in 

proper condition before sent to recycling factory but beverage carton waste from 

individual household was thrown in trash bin mixed in domestic waste stream. As 

problem state above, many appropriate technologies were adopted to manage beverage 

carton waste. The environmental impact from each treatment options were collected as 

a record and reported but in term of life cycle assessment in term two treatment 

technologies not much study. Life Cycle Assessment is one of evaluating tool to assess 

whole performance of available waste technologies management in term of 

comparison or individual together with giving options for more appropriate 

technology. As the problem and significance maintained above, the research was 

initiated to study. 

An amount of LPB waste in year 2003 was 2,000 million boxes with  

the  continuously increase ratio to 3,500  and 5,000 million boxes in year 2005  and 

year 2006 respectively. Food and beverage industry in Thailand is widely using 

Liquid-paperboard cartons as long life product packages. Because of packaging’s role 

is to protect the value product, to handle food, to store and keep from microbes and 

prevent food and beverage from spoiling.  Long life product is high consumption and 
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quick disposal that generate large amount of packaging waste.  The environmental 

impact from disposal package is higher than the past. Liquid paperboard cartons waste 

is recycled by Re-pulping and Thermal compression. 

          Thai Beverage Carton Group promoted recycling project in school and 

set up the collection center in school to collect the liquid paperboard carton waste from 

customer. The school in Bangkok and Smutprakarn was a pilot and has extended to 

other area through Thailand.  

  

1.2      Conceptual framework 
Liquidpaperboard discard to waste stream until landfill and /or  

recycling. All environmental input and out put within these boundaries are determine. 

This study was examined the environmental impacts from LPB recycling compare to 

landfill. LPB waste collection to Recycling system of Bangkapi district has 2 

difference collected location. There are recycling container collected at school and 

household. The study area for recycling processing choose Chipbord Manufacturing, 

Green board (Thailand) Co., Ltd.  is located at Samuthsakhon province. 

Landfill study area selected On-nuch Landfill site where LPB waste in  

MSW waste strean was collected and sorting at On-nuch transferring station and to be  

baled and wrapped and transport to landfill dumping site at Phanomsarakham district 

,Chacherngsao province . 

         To find the environmental impact of recycling by using program SimaPro7.0. 

This tool evaluates environmental impact between landfill treatment compare to 

recycling. 
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LCA Method 
 

       

 

 

 

 

 

 

 

 

 

 

 

 

                                        

 

 

 

 

 

 

 

 

 

Figure 1-2 Conceptual Frameworks 
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1.3     Research Objectives 

1.  To assess the environmental impact of Liquidpaperboard waste management 

base on the current technology in Thailand (recycling and landfill) by using LCA method. 

2.    Purpose options and of Liquidpaperboard waste management and  

environmental impact information  to decisions maker. 

1.4     Research hypothesis  

         Environmental impacts of Liquidpaperboard treatment technology; Recycling 

and Landfilling were difference. 

1.5     Scope of research 

1.5.1 Scope of the study area 

Bangkapi district where is 200 household of population. The North  

closed to Bungkhum District and the west closed to Wangthonglang District 

 

  
 

Figure 1-3  Map of Bangkapi District, Study area 

Bangkapi 
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Bungkum District 

Wangthonglang 
District 
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         1.5.2  Scope of the study  

          The technology treatment available in Thailand; Chipboard 

manufacturing and landfill; are selected to study. Start when products are thrown in 

the trash bin and end when the waste material is disposed and degrade and is brought 

back to recycling. 

       1.5.3  Functional Unit 

        The function under examination in the study is 1 ton of LPB waste was 

treated. 

       1.5.4  Environmental impact comparison between recycling and landfill 

system 

      The analysis was the environmental impact variations of recycling 

versus landfilling. An average mass of waste was collected by questionnaire are 

modeled. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-4  Contexts of waste stream and management options under 

consideration in the study 

                (Source: Grant, James, Lundie, and Sonneveld,  2001) 
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Figure 1-5 System boundaries for the study 

                                                  (Source: Grant, James, Lundie, and Sonneveld,  2001) 
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1.6  Research expectation 
1.6.1  Significant environment impact generated from Liquidpaperboard cartons 

waste management in Thailand; landfill and recycling in term of comparison. 

        1.6.2  Information and data for decision making to be considered optimum options 
to handle Liquidpaperboard cartons waste. 
 

1.7  Definitions 
1.7.1  Life cycle assessment (LCA): a holistic view of the environmental 

performance of products and services.  It is measure how much impact a product has both 

directly and indirectly. LCA study the environmental aspects and potential impacts 

throughout a product’s life, from raw material extraction through production, use and 

disposal. 

         1.7.2  Goal and scope: clearly define the application or purpose of the study.  

         1.7.3  Functional Unit: to provide a reference to which the input and output data 

are normalize in a mathematical sense  

         1.7.4  Inventory analysis: the appropriate data of product or process will be 

collection, analysis and validation. 

         1.7.5  Environmental impact: human or nature activities affect to any 

environmental compartment; soil, water, atmosphere. 

         1.7.6  Impact Assessment: to identify and establish a linkage between the 

product’s life cycle and environmental impact. 

         1.7.7 Interpretation: a systematic evaluation of the needs and opportunities to 

reduce the environmental burden. 

         1.7.8  Recycling Management System: Material goes to reprocess and produce to 

new product.  

         1.7.9  Sanitary landfill: System is relevant to apply to both of the direct municipal 

waste flow, and to residual waste flows resulting from other treatment methods, such as 

incineration and biological treatment. 

         1.7.10  Liquidpaperboard packaging waste:  food and drink container were disposed 

to trash bin and transfer to waste stream.  
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CHAPTER  II 

LITURATURE REVIEW 
 

 

2.1   Status of Waste treatment in Thailand 
In year 2003, Thailand produces nearly 22 million tons of waste from 

residences, industries, businesses, and hospitals. This is likely to increase in the 

coming years as the country is recovering from the financial crisis, and once again 

returning to a period of high growth, fueled by consumer spending and exports. For 

example, if current trends hold and recycling rates remain low, it is likely that by the 

end of the decade municipal waste generation would grow 25 percent and industrial 

hazardous waste would grow 35 percent. Management of this waste is a huge task that 

depends upon successful programs for recycling and reuse; providing safe and 

effective waste collection and disposal; the availability of sustainable financing; and, 

effective contributions from government, the public, and civil society. Thailand has 

made great progress in addressing many of these issues and at the same time has 

further opportunities to make real prograss in improving the health and environment 

for future generations through better waste management. (Pollution Control 

Department, 2003) 

 

        2.1.1  Reducing and Recycling Waste  

        While industries have effectively harnessed the market for recyclables such as 

glass, paper, metal and plastic, annually more than 4.5 million tons of recyclables 

valued at Thai Baht (THB) 16 billion (nearly US$400  million) are thrown away by 

households and businesses. With improved recycling, a portion of this potential 

market could be tapped. Despite an active group of approximately 25,000 informal 

recyclers in the country who profitably collect and trade this waste the limited number 

of formal recycling programs and low levels of public participation have kept 
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recycling rates low in Thailand. Taking advantage of this opportunity will developing 

effective incentives and awareness of the people to separate and recycle waste in their  

protecting the welfare of the informal recyclers who depend upon recycling for a 

living. 

 

        2.1.2 Municipal Solid Waste; Providing Safe and Cost-effective 

Collection and Disposal 

         Much of the efforts in municipal solid waste management in Thailand have 

focused on establishing the core infrastructure and services to properly collect and 

dispose waste. These efforts have improved the alarming level of littering found in 

urban areas in the 1980s and have established modern disposal facilities in many areas. 

In order to reach the goal of proper collection and safe disposal in urban areas 

nationwide several key challenges remain. The last decade saw significant spending by 

the national and local governments to upgrade and improve collection systems and 

today Bangkok Metropolitan Administration (BMA) collects nearly all of the 

municipal solid waste generated by its population of eight million people and 

collection in other cities and smaller urban areas averages between 75 and 90 percent. 

Building on these accomplishments, municipalities will need to strive to improve their 

services by addressing underserved areas better and ensuring the sustainability of their 

collection systems through better time and cost efficiency. Public confidence in 

disposal facility operation is low with nearly half of the proposed sites in provincial 

capitals experiencing Not In My Backyard (NIMBY) syndrome, manifested in the 

outcry from the local people over the health and environmental risks currently posed 

in existing and future sites. The construction of more than 100 new disposal sites over 

the last 10 years has introduced many modern disposal practices. However, they 

comprise less than 10 percent of the estimated 1,000 or more municipal disposal sites 

in the country, and many lack well functioning environmental controls necessary for 

sanitary disposal. One of the key challenges is finding a cost-effective way of 

providing safe disposal facilities to more than 1,100 municipality’s nation wide. The 

development of disposal sites that are shared within or among provinces provides great 

promise as it could make oversight easier and potentially could save over THB 180 

billion (approximately US$ 4 billion) in investments and operation and maintenance 
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costs over the next two decades. Incineration of municipal solid waste is a less 

attractive option as it is unlikely to be a cost-effective use of resources due to the high 

investment costs and the technical and operational difficulties this technology poses in 

Thailand. In addition to providing safe disposal sites, other major challenges include 

providing incentives for good disposal site operation by establishing an effective 

system for regulatory oversight and bridging the gap on NIMBY through education, 

consultation, and demonstrating good disposal. (Pollution Control Department, 2003) 

 

         2.1.3 Paying for Waste Management - Promoting User Fees 

         Amounting to THB 22 billion since 1994, capital investments in collection 

trucks and disposal facilities have been provided primarily through grants to 

municipalities from the national government budget and the Environmental Fund. The 

cost of operation and maintenance of these facilities is paid for by municipalities 

through user fees and municipal budget. While these national and local expenditures 

have made genuine improvements in solid waste management, neither are supported 

by a sustainable source of financing. The Environmental Fund has been draining its 

resources over the past 10 years with no mechanism for replenishment. Additionally, 

the operation and maintenance costs are not recovered, because fees charged by 

municipalities for waste collection have only been able to cover a portion of the costs 

of operating and maintaining the collection and disposal system. A more sustainable 

financing system needs to be established using a balance of replenishable national 

government financing and improved local cost recovery. This may include: 

mechanisms to replenish the Environmental fund such as packaging or other solid 

waste related taxes; raising fee levels; improving fee collection; exploring other 

financing mechanisms; improving the cost-effectiveness of solid waste systems; and, 

building an environment conducive to private sector investment and operation. Since 

enacting the Decentralization Act the roles for civil society, local governments, and 

national government have been evolving. It is expected, in the longer term, that public 

participation will expand, local governments will obtain relative independence in 

policy making, planning, and providing waste management services, while national 

government will play a supervisory and supporting role. (Pollution Control 

Department, 2003). 
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        Recyclable material was collected and reprocessed as the high return in term of 

economic. There are many valuable material are glass, paper, metal and plastic. The  

portion of recyclable material is shown in table 2-1 below; 

 

Table 2-1 Proportion of  the high potential and recyclable waste 

Waste Type Mass of 

waste (Ton) 

Reprocess  

(Ton) 

Percent (%) Management 

Method 

Metal 3,175,900 2,603,900 82 Recycling 

Glass 1,738,700 759,400 44 Recycle 

 12 Reuse 

Plastic 2,848,400 710,600 25 Recycling 

Rubber 344,300 52,300 15 Recycling 

 20,300 6 Reuse 

Aluminum 302,700 159,700 53 Recycling 

Paper 2,955,600 953,600 32 Recycling 

Source: Pollution Control Department, 2005 
 

Liquid Paper Board carton (LPB) waste or beverage carton waste was disposed 

from household increasingly in every year. Because of low value in term of economic, 

LPB was disposed in trash bin and transfer to landfill instead of recycling plant. Due 

to their light weight and laminated property cause low collection and low return from 

consumer. Small proportion of LPB waste to be recycled as shown in table below; 
 

Table 2-2 Proportion of the beverage cartons waste to be disposed 

 

Waste Type 

Mass of waste 

(Ton/Yr.) 

Reprocess 

(Ton/Yr.) 

Percent 

(%) 

Waste Treatment 

Method 

2,000 5.0 Re-pulping 

1,920 4.8 Recycling (Chipboard) 

Beverage 

carton 

 

Source : 1) Pollution Control Department, 2005.  

40,000 

36,080 90.2 Landfill 

              2) Thai Beverage Cartons Group, 2006. 
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Figure 2-1 Waste management proportion and method of post-consumer LPB 

waste  

                   Source: Pollution Control Department, 2004. 

 

LPB waste management ratio in percent was divided in to three types are; 

landfill, repulping (Fibre) and recycling (Chipboard). The ratio shown in table below; 
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Figure 2-2 Proportion of LPB Waste Disposal Treatment in Thailand 
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          In Thailand, food and beverage cartons are imported materials from aboard,  

regarding to their property is recyclable potential for the production of new material but 

was disposal without necessary. Some of them could be reused as well but are mixed with 

other waste without any separation. This leads to a high cost of collection, transportation 

and disposal.  This situation has and impact high cost associated with imported raw 

materials and also leads to an increase in raw materials consumption, which are natural 

resources. This causes a decline and unsustainable use of natural. 

Thailand is trying to emphasize the complete cycle and measure on recycling 

covers the method of reclaiming packaging and left over material, marketing mechanism 

for reused/recycled products, feasibility for the establishment of recovery plants, promotion 

of technology for reduction and recovery of waste and leftover materials, campaign for 

using recycled waste or materials, and selection of final disposal site.  Thus the study on 

LCA Method to the scenario of recycling and landfill for beverage cartons in Thailand will 

answer and give conclusion for suitable management for beverage cartons. 

Liquid paperboard waste in Thailand usually comes from household and 

manufacturing discard. Most of it is disposed of through landfill dumping or open dumping 

site while a small portion is used n mill as paper re-pulping production and green-board 

production. Since year 2003, an amount of LPB waste was 2,000 million boxes with the 

continuously increase ratio to 3,500 and 4,000 million boxes in year 2005 and year 2006 

respectively.  

         Liquid paperboard cartons have high quality of fiber property. The component and 

raw material are; 

         1.  Paperboard; the main material; on average, 75-80% of a beverage carton is 

paperboard (by weight). 

        2.  Polyethylene on average, polyethylene represents 15-20% of the weight of the 

beverage carton. The polyethylene used is food grade. Using the thinnest possible 

polyethylene layers (10 microns thick) minimizes use of resources. 

        3.   Aluminum (for long –life product only). 

Recently, Thailand had introduced the new technology for LPB waste recycling.  

Liquid paperboard cartons waste is recycled by Re-pulping and Thermal compression      
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Advantage of using LPB waste as chipboard (Green-board) can reduce the most 

important environmental impacts such as global warming, solid waste, and waste water and 

reduce landfill disposal site. 

         Green board is composed of paper, polyethylene and aluminum the components of 

beverage cartons. Green board can be made into office furniture, school furniture, souvenirs, 

exhibition material, karaoke room, ceiling, wall and more. Features of green board are; 

         1. Made from beverage cartons free of formaldehyde unlike particle board or MDF 

        2. Has a unique surface texture. 

        3. Water resistance 

       4. Insulation and sound proofing qualities. 

         5. One hundred percent (100 %) termite and borer resistant and powder free. 

         6. Can be formed into curves and other shapes. 

   7. Can be sawn, molded, cut, glued, screwed or nailed like other boards 

 

         Green board was tested by Department of Science Service and test result shown as 

table below; 

              Table 2-3 Test result of Green board properties by Department of Science  

Service 

Standard TIS 877 

(ASTM 

C177) 

TIS 878 

 Tested Material 

Properties Green board Hard wood Cement 

wood 

Density (kg./m2) 1012 400-800 1100-1300 

Moisture content (%) 1.5 9-15 12±3 

Water absorption (%) 24 hr. 1.4 60 2 

Thickness swelling (%) 0 4 2 

Modulus of Rupture (MPa) 23.05 20 9-12 

Tensile Strength (MPa) 0.66 1.2 0.5 

Screw holding power, N 996 250 - 
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Table 2-3 Test result of Green board properties by Department of Science Service 
(cont.) 

Source: Green Board (Thailand) Co., Ltd., 2006.  

 
Standard TIS 877 

(ASTM 

C177) 

TIS 878 

 Tested Material 

Properties Green board Hard wood Cement 

wood 

Thermal conductivity at mean temp 29 
oC , 0.098W/m.k 

0.098 - - 

Thermal resistance at mean temp 29  oC , 

0.098W/m.k 

0.153 - - 

Insulation 0.098 0.016 1.730 

 

2.2    Liquid paperboard cartons component and its production 
A life cycle approach to reduce the environmental impacts of packaging centre 

on recycling of used packaging materials, the National Packaging Covenant takes a 

‘life cycle’ approach, encouraging reduction in waste and impact throughout the full 

life cycle of packaging.  The “Shared Product Responsibility” model on which the 

Covenant is based means that savings in waste and impact made at each stage within 

the packaging chain, as well as the cumulative benefits which result, are recognized 

(Grant, James, Lundie, and Sonneveld (2001)). The carton industry has always been 

influenced by life cycle thinking, designing packaging using the minimum amount of 

material required for functionality and quality and basing its packaging on a natural 

and renewable resource – paperboard, which is made from timber grown in sustainable 

managed and certified plantation forests. This results in packaging that has an 

extremely low overall life cycle impact and produces relatively low residual waste 

volumes.  Packaging which, as well as being recyclable, is degradable in compost and 

is combustible for energy recovery  and performs as required under landfill conditions 

degrading with the organic fraction in landfills designed to do so and remaining stable 
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in landfills designed to exclude water. This means that cartons are compatible with a 

variety of waste management solutions, which include recycling into office paper or 

other paper products, co-composting with green waste, energy recovery and safe 

disposal in well managed landfills (Grant, James, Lundie, and Sonneveld , 2001). 

         They also lend themselves to a variety of popular in home re-use opportunities 

such as use as a craft resource, tree planter and mini-bin for food scraps. Cartons 

enhance transport efficiency through their light weight and the optimum packing 

density associated with their square shape. Further energy and environmental benefits 

result from the use of aseptic packaging which can preserve food without the need for 

refrigeration. The Covenant, with its emphasis on resource use optimization, allows 

packaging users to utilize these carton life cycle benefits and be recognized for 

factoring them into their choice of packaging (Grant, James, Lundie, and Sonneveld , 

2001). 

         Beverage cartons owe their effectiveness to their layered (laminated) 

construction. Each layer is of a different material which is suited for a particular 

purpose. By combining layers with just enough of each material to fulfill all required 

functions, the overall weight and bulk of the package is kept to a minimum, while 

ensuring product protection and meeting consumers’ requirements for convenience 

(Grant, James, Lundie, and Sonneveld , 2001). 

         Description of liquid paperboard which there are two types of liquid 

paperboard container: 

1.  Gable-top carton, which is used to package pasteurized (refrigerant, fresh) 

products like milk and fruit juice. Gable –top cartons are a square or rectangular tube 

of polyethylene coated paperboard carton where the top seal of the gable top carton 

consists of a pouring, which allows for a tight seal, as well as open ability. 

         2.  Aseptic carton, which is used to package shelf-stable products like long-life 

milk. In aseptic packaging systems, the product is sterilized separately prior to filling 

the coated on one side with polyethylene, follow by lamination with aluminum foil 

with which is subsequently coated with polyethylene. On the other side of the board is 

another layer of polyethylene (Grant, James, Lundie, and Sonneveld , 2001). 

Liquid-paperboard cartons component comprise of three kinds of material as 

follow; 
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         1. Paperboard (The main material) on average, 75-80% of a beverage carton is 

paperboard (by weight). 

         2. Polyethylene on average, polyethylene represents 15-20% of the weight of 

the beverage carton. The polyethylene used is food grade. Using the thinnest possible 

polyethylene layers (10 microns thick) minimizes use of resources. 

         3. Aluminum (for long –life product only) When used, aluminum foil only 

represents up to 5% of the weight of the beverage carton. Aseptic (long-life) 

packaging requires a highly effective barrier to oxygen. Aluminum foil provides this 

function in a cost-effective way. Aluminum foil in aseptic cartons permits safe storage 

of the packed product without refrigeration, thereby saving energy.  

          The figure stated in table 2-4, shown the quantity of the different packaging 

materials for one ton of gable-top and one ton of aseptic cartons. They are based on 

calculations using direct measurements of the representative cartons and industry 

information (Grant, James, Lundie, and Sonneveld , 2001). 

 

Table 2-4  Description of one ton of gable-top and aseptic liquid  

paperboardcartons 

Quantity Gable-top cartons (kg) Aseptic cartons (kg) 

Paper board 880 708 

polyethylene 120 189 

Ammonium - 47 

Polyethylene closures  56 

Total 1000 1000 

Source:  Grant et al, 2001 

 

2.3    Landfills System description 
The landfill system is relevant to apply to both to the direct municipal waste 

flow, and to residual waste flows resulting from other treatment methods, such as 

incineration and biological treatment. Data and information normally applied in LCA 

landfill emission models are: Overview of landfill technologies applied in the temporal 

and spatial boundaries of the study. This is mainly related to types of leakage water 

prevention (e.g. membranes of different leaking potentials) collection and treatment 
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and collection, combustion and energy exploitation of landfill gas. Distribution of 

main waste flow on waste fractions (applies for the whole study). The main waste flow 

should be separated on waste fractions that act differently in the landfill and give 

significantly different type and magnitude of emissions and gas production. Waste 

fraction contents (applies for the whole study). This gives the substances available for 

pollutant and product generation. Overview of the range of pollutants decided to be 

studied, time period for estimation of emissions. Some emissions can occur over a 

very long period of time, the time period is a temporal cut-off. The models must match 

the time periods selected for generation of pollutants and generation of impacts. Share 

of leakage water and gas collected and treated. Duration of collection and treatment 

might be relevant in the future as models depending on duration might be developed.    

         Leakage water and landfill gas treatment technology emission factors. 

Recovered energy, which is estimated based on models that take into account 

produced gas, share of gas collected, heating value of gas and the efficiency of the 

installation.  Type of energy substituted by recovered energy. Note that some process 

units are given at a coarse level. These can be further refined (e.g. the avoided energy 

and related production chains). Further, emissions, resource consumption and energy 

use flows are not shown for the process units. Finally, transportation is excluded. A 

process flow chart shown in figure 2-1 for a landfill was given below (Nordtest, 2002). 
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Figure 2-3  Process flowchart for landfill (Nordtest, 2002) 
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2.3.1 Emission of CO2 and CH4   

        Main focus has been placed on the bulk emissions to air, which is the 

greenhouse  gases methane (CH4) and carbon dioxide (CO2). It is commonly assumed 

that approximately the first months there are aerobic conditions in the landfill, which 

means that CO2 is formed. After that there are anaerobic conditions, which means that  

 CH4  is formed in addition to CO2 . The time period  taken into account partly 

decides the CH4 and CO2 generated per ton waste. As a starting point the carbon 

content in the waste flow available for degradation decides the potential emissions of 

CO2 and CH4. This should be specified during the waste composition data collection. 

The total available carbon in the waste, minus carbon washed out with the leakage 

water, is available for CO2 and CH4 generation. There might also be carbon left in the 

landfill after the defined emission time frame has run out. In a Swedish LCA study on 

solid waste the biological share of these amounts of carbon are transformed in CO2 

equivalents which are regarded to decrease the contribution to global warming (the 

carbon sink concept). For the example, the landfill is a carbon sink if carbon is not 

released to air or water, but remains in the landfill for an infinite time. If the carbon 

had not ended up in the landfill it would have be released and contributed to global 

warming. It is important to use a product specific approach to estimate CH4 and CO2 

generation (Nordtest, 2002). 

        

         2.3.2 Emissions to air (not CO2 and CH4) 

         Pollutants are emitted to air from landfills through direct evaporation from the 

landfill and through landfill gas combustion off-gases. Although methane and carbon 

dioxide are the bulk constituents, landfill gas typically contains in the order 120-150 

trace components, constituting approximately 1% of volume (according to USEPA). 

The wide range of trace compounds that may be present are mainly determined by the 

types of waste deposited. It is therefore a benefit to apply product specific models as a 

basis for estimating emissions to air from landfills (Nordtest, 2002). 

         There is lack of data on emissions to air directly from landfills. Limited 

process information exists for evaporation of metals, volatile organic compounds 

(NMVOC), dioxins and other toxic pollutants. For most pollutant there is not enough 

data to establish product specific models. For combustion off-gases better background 
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data exist. But it is not identified studies that attempt to relate landfill gas to waste 

fractions and waste fraction contents (except for CO2 and CH4). Hence, it is not 

possible to establish product specific models for emission from landfill gas 

combustion either. Information that has been gathered about toxic emissions emitted 

directly to air from landfill is given below (Nordtest, 2002). 

  -  Dioxins directly from landfill: No data are found. 

- Dioxins from landfill fires: 1 mg TEQ/ton mixed waste . This figure must be 

combined with landfill fire frequency if taken into account. Often accidents are 

excluded from an LCA study. 

- Hg directly from landfill: Measurements at Gronmo landfill in Oslo, Norway 

indicate that 1% of Hg in waste to the landfill is emitted to air. Studies carried out in 

Sweden indicate 0.01-0.2 g/ton waste (average Swedish waste to landfill) . Note that 

both these studies are 10-15 years old (Nordtest, 2002). 

2.3.3 Emissions to water 
         It is particularly leakage of nutrients and metals that have negative impacts on 

the environment. Parameters that typically are measured in leakage water are listed 

below. According to the Norwegian State Pollution Control Agency, the first 11 

parameters should be measured 4 times per year and the remaining ones 2 times per 

year. It should therefore be possible to at least derive process specific data for these 

parameters; Amount of leakage water, Chemical oxygen demand (COD), Tot-N, 

Ammonia, Mercury (Hg), Lead (Pb), Cadmium (Cd), Iron (Fe), Chloride (Cl), 

Sodium, Barium, Biological oxygen demand (BOD), Arsenic (As), Phenol, Aromates, 

Tot-P, Potassium, Sulphate, Aluminium, Polyaromatic hydrocarbons (PAH), 

Chlorinated organic compounds, Zinc, Chromium (Cr), Copper (Cu), , Nickel (Ni). 

         Environmental authorities in the other Nordic countries might have other focus 

parameters and measurement criteria. Note that short-term measured data cannot be 

used to model long-term emissions. However if measured data are collected over 

many years from many sites and the waste composition is roughly known, one could 

use the measured values to see if there are large differences between model outputs 

and the measurements. To be able to quantify leakage from landfill using a product 

approach one must: 

         1.  Select the period of time for which emissions shall be quantified  
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        2. Gather data on generated leakage rates for all components for the selected 

time interval. 

         3. Gather data for the type and share of pollutants removed from water by 

leakage treatment. 

         4. Calculate leakage to the environment (g pollutant/kg waste) based on waste 

composition, leakage rates and share of leakage collected in wastewater treatment 

systems and reduction factors for wastewater treatment (Nordtest, 2002). 

Due to the great variation in collection system for leakage water, it is important that 

the system under study reflect the actual technology applied in the geographical and 

temporal scope of the study. To estimate leakage to soil and water from a landfill in an 

LCA, it is recommended to use a product based model to estimate the maximum 

emissions (no leakage water collection). Then process specific figures, representative 

for the geographical and temporal boundaries of the study, should be applied for the 

share of leakage water that is collected and the efficiency of this treatment. The 

efficiency of the treatment varies with substance and treatment technology. Future 

landfills might be located close to the sea. In this way drinking water resources 

(ground water) are protected and leakage treatment considered less important. This 

means that we will have higher emissions from landfills in the future but that the 

resulting impacts will be of lower concern. E.g. risk assessment will show lower risks 

but a life cycle impact assessment will show higher impacts. This illustrates the 

importance of not looking solely on LCA results when considering environmental 

performance. Parallel evaluations based on different methodologies are often 

necessary. It also illustrates the need to continuously develop the "waste-LCA 

methodology", in this case to integrate risk into the assessment (Nordtest, 2002). 

 

         2.3.4 Energy recovery  

         Energy recovery related to landfills is relevant when the landfill gas is 

collected and incinerated with energy recovery. The energy can be exploited both as 

heat, electricity or mechanical energy, as other types of fuels. The main component of 

landfill gas is CH4 (about 50%). As an approximation it is common to assume that the 

energy recovery is related to CH4 alone. The energy recovered based on a product 

specific approach can be estimated from: 
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-  The amount of CH4 produced by the waste flow in question. This is 

calculated based on the waste composition as all waste fractions have their own 

specific CH4 generation potential based on bio-available carbon and defined period of 

time where CH4 generation takes place. 

         -   The degree of  CH4 collected and incinerated.  

        -   The net heat value of the CH4. 

        -   Energy losses from combustion to delivered energy. 

New landfills are usually required to have gas collection and flaring systems, 

while there are several old landfills that are lacking such systems. 

        - In Norway in 1995 approximately 25% of all landfills had gas collection 

system  

        - In Sweden in 1998 approximately 25 % of all landfills had gas collection.  

Most of LCA studies assumes that in case of a landfill gas collection system, 

approximately 50% of the gas is collected and combusted. Assuming that the 

Norwegian and Swedish figures are valid for the present situation in Nordic countries 

(the values are probably higher as the large sites with much gas production probably 

has gas collection), about 13% of all landfill gas is collected with a variation within 

countries ranging from 0-50%. The net heat value of CH4 is typically 50-55 MJ/kg 

(depending on the conditions under which the gas is incinerated). 

         As a example on how estimate recovered energy we assume the following: 

         - Paper is sent to landfill. 

         - 240 kg CH4 per ton paper is generated. 

        - 80% of the landfill gas (and CH4) is collected and incinerated. 

        - It is assumed that only CH4 gives energy in the incineration process. 

         - CH4 has a heat value of 50 MJ/kg. 

        - The efficiency of the incineration and energy recovery process is 90% (10% 

energy loss). 

        The recovered energy, which in a life cycle perspective substitutes energy 

carrier, is estimated to be: 240 · 0,8 · 50 · 0,9 = 8640 MJ/ton paper. 
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2.4    Recycling system  
There are two basic technologies for recycling liquidpaperboard cartons waste: 

1) Thermal compression and 2) Re-pulping. 

         

2.4.1 Thermal compression 

Thermal compression consumes the total packaging material without 

separation of the different components.  Thermo-formable chipboard can be made 

from used beverage cartons and beverage carton production waste (Olah, 2004) the 

process are following; 

1)  Liquid paperboard waste are shredded and spread in a layer to a  

desired thickness. This is then put in a press and heated to approximately 170 °C. 

               2) The heat melts the polyethylene (PE) content which binds the 

densely packed fiber and aluminum shreds together in a resilient matrix. 

                3)  The resulting matrix is then rapidly cooled, forming tough 

chipboard with a glossy impermeable surface. 

                4) The board can be thermoformed in a variety of shapes, including 

curves, giving designers greater scope for creating interesting objects. 

             5)  The PE is a clean and effective binding agent, so there is no need to 

add glue or chemicals such as urea formaldehyde, used to bind together conventional 

wood chipboard and hardboard. 

                 6)  This type of board was developed by Tetra Pak and is produced in 

Germany by EVD under the brand name TECTAN®. Chipboard plants using beverage 

cartons also operate in Slovakia, China, Kenya, Turkey, Argentina, Pakistan, Thailand 

and India (Olah, 2004). 

 

         2.4.2    Re-pulping 

Re-pulping is the recovered of new paper fiber process with separation of the 

fibers from the polyethylene, or polyethylene and aluminum. Re-pulping is the basic 

process used to separate virgin wood fibers in paper or board, to create pulp, which in 

turn is formed into new recycled paper and board. It is widely used to recycle waste 

paper, board, plastic coated board and beverage cartons. Beverage cartons are often re-

pulped together with other paper grades. The packaging material is put into water and 
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delaminated under high friction by hydraulic forces. This process, which known as 

hydra-pulping, yields pulp slurry, which is pumped out of the hydra-pulper (Olah, 

2004). 

Hydra-pulping process as following; 

                 1. The hydra-pulper is filled with beverage cartons and water. 

               2. The mixture is agitated for 15-30 minutes to separate the fibers. 

                3. The fibers are pumped out through filters leaving the polyethylene,   

aluminum foil and other contaminants at the bottom of the hydra-pulper 

A typical beverage carton re-pulping line might consist of the following units: 

                1. Hydra-pulper 

                2. Rotary drum filter (Trommel) 

                3. Coarse and fine screening 

                4. Centrifugal cleaner (removes small high-density contaminants) 

                5. Dispersion unit (ensures the even dispersion of the remaining tiny      

 contaminants which are found even in new paper and board) 

       A hydra-pulping line recovers more than 90% of fibers in beverage cartons.  

The pulp is then used to make new paper and board products. The remaining 

polyethylene and aluminum foil are removed, and compressed to take out the water.  

Recovery of non-fiber component the aluminum/polyethylene fraction can be mixed 

with waste plastics and extruded to make different products such as buckets, pallets, 

handles for tools, etc. Aluminum and polyethylene layers recovered from the re-

pulping process are often valorized to generate steam, which is used for drying the 

pulp or to generate electricity (Olah, 2004). 

         In Germany, re-pulping residues are fed into cement kilns. The polyethylene 

serves as a high energy fuel, while the aluminum becomes aluminum trioxide, which 

is an essential ingredient in cement. The economic value of aluminum foil is high, due 

to the large amount of energy required to extract aluminum from bauxite, its naturally 

occurring state. Recovery of the aluminum foil residue is therefore of commercial 

interest. Currently, the best way to separate the aluminum from polyethylene is 

gasification, where the two are heated in a controlled atmosphere to a temperature 

which is just high enough to gasify the polyethylene but low enough to leave the 

aluminum intact and clean. The gasified polyethylene is used as fuel and can also be 
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used as feedstock to make new plastics. Once the rejects leave the pulper, they enter 

the Trommel where they are washed in order to separate the remaining fibers.   

 

         End product from re-pulping; 

1)  Carton packaging board (Austria, Sweden) 

                 2)  Paper cores (Finland) 

                 3)  Disposable kitchen towels (Germany) 

                 4)  Printing paper: This brochure! (Norway) 

                 5)  Office supplies (Germany, Norway) 

                 6)  Plaster board lining (Sweden, France) 

                 7)  Paper bags (Spain, Norway) 

                8)  Tissue paper (France) 

                 9)  Corrugated board (Spain, Germany) 

 

Hydra-pulping fiber recycling process was shown in figure 2-2 as following; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plastic Object 

Steam 

Boiler Al2O

Refractories 

Sludge 

CO2/H2O 

Water 

 

Pulper Injection/Extrusion Packaging 

Coarse 

Fiber 

Plastic 

Aluminium 

Cement 

Propen 
/Methane

Aluminium 

Pyrolysis/Plasm
Water 

Extraction 

Cleaner 

Paper Machine 

Waste 
water 

treatment 

Water 

Water 

Paper 

Figure 2-4 Fiber Recycling Process (Olah, 2004) 
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2.5     Life Cycle Assessment (LCA) and its applications 
2.5.1  Life Cycle Assessment (LCA) history 

Life cycle assessment dates back to the 1960s, and to the energy analysis of 

industrial systems undertaken at that time, and subsequently, in response to the oil 

crises of the early 1970s. However, since the rise of environmental awareness in the 

late 1980s, considerably more attention has been focused on LCA as a potentially 

powerful and valuable environmental management tool. Increasingly, LCA is being 

incorporated into the environmental management of companies, and used by 

governments to inform the policy making process (SETAC, 1993). 

         Environmental life-cycle assessment (LCA) provides a framework, an 

approach, and methods for identifying and evaluating environmental burdens 

associated with the life cycles of materials and services, from cradle-to-grave (or, as 

preferred by some, “cradle-to cradle,” which  captures the recyclables of materials). 

Since the 1970s, there have been efforts to develop LCA methodology. In the 1990s, 

the Society of Environmental Toxicology and Chemistry (SETAC) in North America 

and the U.S. Environmental Protection Agency (USEPA) sponsored workshops and 

other projects designed to develop and promote consensus on a framework for 

conducting life-cycle inventory analysis and impact assessment.  Similar efforts have 

been undertaken by SETAC in Europe, other international organizations (such as the 

International Standards Organization), and LCA practitioners worldwide. As a result 

of these efforts, consensus has been achieved on an overall LCA framework and a 

well-defined inventory methodology. Further, the art and science of impact assessment 

have been advanced by SETAC through publication of Life-Cycle Impact Assessment: 

The   State-of-Art in North America and Toward a Methodology for Life-Cycle 

Impact Assessment in Europe (SETAC, 1993). 

         LCA has many areas of influence; environmental, economic, and technological 

implications of a material, process, or product across its life –span from creation to 

waste or, preferably, to re-creation in the same or another useful form. 

The LCA is suited to identify important point and options for improvements in 

the food industry. LCA can be used to simulate both future situations and new 

technology as a tool for future environmental investigations. 
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         Life cycle assessment combines many environmental tools together; system 

analysis, input-out put analysis, risk assessment and environmental impact assessment. 

         Manfred Marsmann (2000) stated that four international standards and a 

technical report are the impressive result of seven years of intense effort of dedicated 

and competent experts in the area of Life Cycle Assessments. The subcommittee SC 5 

on Life Cycle Assessment with its numerous teams served as a platform, and is itself a 

part of the ISO Technical Committee TC 207 on Environmental Management. In 

November 1993, with an initial meeting in Paris, the start signal for standardization 

was finally sounded. At this point in time, it was still uncertain which ways were to be 

embarked upon and which goals might be achieved. Of course, the 'game rules' 

concerning the importance to be attributed to eco-balances were recognized at an early 

date. On the other hand, skepticism was observed regarding to whether or not the 

prompt establishment of such regulations would result in unnecessary restrictions to an 

instrument of evaluation still seen to be in continuing development. So emerged, the 

central challenge of the standardization project; an International standard on Life 

Cycle Assessment is only significant if they make the necessary practical instructions 

without extending into regulations which may be far too detailed. In other words, a 

balance must be achieved between the unavoidable establishment and the possibility 

of interpreting these regulations more or less freely. Consequently, the first working 

phase of the subcommittee, which stretched still the final publication of standard 

14040 in June 1997 (Environmental Management – Life Cycle Assessment– Principles 

and Framework) concentrated on the conceptual formation of these standards. ISO 

14040, first of all, is a gentle introduction into the subject matter, and more or less 

defines the framework for the field of Life Cycle Assessment rather than establishing 

ambitions regarding a precise methodology. It should not be forgotten that thoroughly 

new ground had to be broken: since Life Cycle Assessment was already highly defined 

by the SETAC, which was first concerned with open scientific discussions, but then 

went on to the world of standardization. This exact definition tolerated no ambiguities, 

serving as a guiding principle and pursuing an ingenious system with different degrees 

of conformity (shall, should, may). ISO 14040 is finally an excellent compromise 

between that which makes up a Life Cycle Assessment and that which is to be 

achieved at all. This unification process, however, did not by any means proceed 
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without conflicts. One will always to remember the struggle involving the third 

specialized building block of Life Cycle Assessments, the interpretation, originally 

being known under the term 'improvement' at the beginning of these discussions. An 

argument for the altered viewpoint was derived from the complete works of the TC 

207. These were naturally also oriented with the motto of improvement. Furthermore, 

it has also been noted that a Life Cycle Assessment can also include further 

applications, as is illustrated in the central diagram on 'Components of an Eco-balance' 

in ISO 14040 also. This standardization consequently demarcates a framework which 

has been chosen with consideration; moving within this framework, however, points 

of evaluation may not be neglected. Aspects like the establishment of goals and the 

framework of a study, as well as information concerning the target groups, must be 

emphasized and accentuated continuously. The results of a Life Cycle Assessment 

study consequently include all of this data. The concept of a critical evaluation 

observed in the ISO 14040 is uniquely and clearly differentiated from the numerous 

standardization projects of the TC 207. Originally already developed in the legendary 

'Code of Practice' by SETAC, this approach has been set down in the final chapter of 

the standardization. The significance of the critical evaluation stems from its double 

role; with this critical evaluation, an attempt is made to company a study both 

professionally and critically, and to adjust the findings in conformance with the 

standardization. The critical evaluation, however, also considers the question of how it 

is possible to carry out studies with comparative information while regarding the 

aspects of both fairness and transparency. Here, particularly demanding requirements 

must be fulfilled, which include investigations by independent experts or even by 

interested parties, to evaluate the appropriateness and admissibility without thereby 

replacing the responsibilities of the client for their study (Marsmann, 2000). Without 

any doubt, this also entails a mandatory portion of openness and frankness, as well as 

participation, which distinguish the modern concepts of evaluation that are also striven 

for in Life Cycle Assessment. Parallel to finding a consensus for standard ISO 14040, 

the activities for the development of standards for the different LCA building blocks 

also proceeded continually. The experts considered the balance of materials quite 

energetically since this topic has always been well known for defining the practice of 

Life Cycle Assessment. The standard ISO 14041, however, not only takes the 
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methodical aspects of material balance into account, but once again considers the 

chapters of ISO 14040 addressing the establishment of goals and the framework of 

evaluations in depth. As a result, it is therefore labeled twofold with the term 

Environmental Management which includes Life Cycle Assessment as well as the 

Goal and Scope Definition and Life Cycle Inventory. Further essential points of the 

standard are the multi-layered aspects of data generation and data processing as well 

as suggestions for how one should consider the ever-active field of 'allocation'. It 

could be seen, however, that the topic of material balance still offered further points 

for an initiation of standardization procedures. Especially important was the desire to 

accompany the condensed and partially abstract form of presenting results with the 

help of comprehension aids. This formed the grounds for technical report ISO/TR 

14049 on Environmental Management – Life Cycle Assessment – Examples of 

Application of ISO 14041 to Goal and Scope Definition and Inventory Analysis, 

which has subsequently been published. The emphasis lies on the term 'Examples', in 

order to exclude any misunderstanding from the start that it might indeed deal with 

further obligatory definitions. In contrast, these examples, which have been selected 

from a wealth of suggestions and have been carefully prepared, should also serve to 

support a better understanding of ISO 14041. In spite of this knowledge, the projects 

on material balance have not yet been conclusive; a document is presently being 

prepared which is dedicated to the exchange of data concerned with material balance 

and has been recorded as ISO 14048. From the seven years mentioned initially, a 

further seven years were required until the project on Life Cycle Impact Assessment 

was presented as a suggestion. With an overwhelming majority in the final voting 

procedure it was raised to become ISO 14042. ISO 14042 is a masterly achievement of 

the experts involved in its design, although the challenge did not stand in a focal point 

but rather the concept of bringing the world of technical systems with the language 

and the ideas of the ecological systems into a combined system. Whereas the technical 

systems are easily described and quantitatively ascertainable in spite of all limitations, 

the estimation of effects must make use of model observations as resources for 

understanding these complex phenomena. It was consequently necessary to establish 

relationships between the dimensions of describing the material balance, and the 

parameters for measurement and making estimations. The manner in which these 
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innovative considerations had been chosen and how the methodical estimation of the 

effects could be established is to be seen with the performance of ISO 14042. The 

estimation of effects, however, is always related to something enigmatic: the passage 

to be taken from an estimation of effects to the establishment of values may be short, 

but it must nevertheless be embarked upon in reality. Especially this gray zone had to 

be covered by the standard since the evasion of this field of conflict would have other 

otherwise provoked considerable uncertainty with regard to its competence and 

credibility. The standard handles this complex problem very cleverly; first of all, the 

most important possibilities for processing the indicated results are addressed with the 

aid of an estimation of effects, whereby the methods described only represent optional 

components. A well-founded 'stop signal' is then set when the weighted procedure is 

used for the publication of specific comparative information, especially since this 

weighting depends on individual considerations to a particular degree and not on any 

knowledge of the natural sciences. Nevertheless, the leeway which is given is still 

sufficient in order to undertake the procedures noted above by way of a simple listing 

of the results to the indicators of the effects. However, since this leeway is not totally 

free, and cannot be free from individual considerations, a degree of fairness must be 

maintained in the report on the estimation of effects in order to lay this fully open. 

Thus, the standard of the true calculation sets down limits where the individual 

considerations entirely cover the view of scientific results. At the same time, the 

chance remains to discuss a feature which must be considered to be significant for a 

study. What would a Life Cycle Assessment be, however, without taking into 

consideration that which has been derived as the actual result of a study? It must not 

be forgotten that the methodical processing must always keep the goals of a study and 

the stages which are to be embarked upon in mind in order to reach these results. 

Consequently, the full concept of the ISO 14040 family is based on a working segment 

which concentrates on these points as if there would be:  

 1) A derivation of conclusions, 

 2) Explanations of restraints, 

  3) Expression of recommendations, and 

  4) Transparent reports to the results of evaluation. 
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         Standard ISO 14043 on Environment Management – Life Cycle Assessment – 

Life Cycle Interpretation provides the necessary explanations for these subjects. ISO 

14043 symbolizes the roof of the Life Cycle Assessment architecture, which is made 

up of a foundation (ISO 14040), two methodical building blocks standing as a support 

to this roof (ISO 14041 and ISO 14042), and precisely this integrative element which 

covers the entire procedure, ISO 14043. With the existing ISO 14040 family, hope 

naturally exists at the moment that the  mandatory rules of the game, have been 

established such that the instrument of evaluation, i.e. Life Cycle Assessment, is more 

than even involved in the interesting and shifting problems and questions at the 

interface between economy and ecology. In this way, it is also able to arrive at 

innovative insights and to furnish new inspirations. The work of many individuals has 

gone into the standards of ISO 14040 and the subsequent standards. These people 

alone are responsible for this success and our grateful thanks must be expressed to 

them alone: The ISO 14040-standards are therefore a people standard (Marsmann 

,2000). 

 
2.5.2    Definition of LCA 

         Life cycle assessment (LCA) is the process of evaluating the potential effects 

that a product, process or service has on the environment over the entire period of its 

life cycle. The International Organization for standardizations (ISO) has defined LCA 

as ‘a technique for assessing the environmental aspects and potential impacts 

associated with a product by: compiling an inventory of relevant inputs and outputs of 

a product system, evaluating the potential environmental impacts associated with those 

inputs ,interpreting the results of the inventory analysis and impact assessment phases 

in relation to the objectives of the study’ the technical framework for life cycle 

assessment consist of four components, each having a very important role in the 

assessment. LCA in the context of International Standard, ISO 14040-2 state that the 

International Standard considered the importance of environmental impact assessment 

of produces or services, so the principles and framework for conducting and reporting 

LCA were established. 

         LCA is a technique for assessing the environmental aspects and potential 

impacts associated with products, by: 
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         - compiling an inventory of relevant inputs and outputs of a product system; 

         - evaluating the potential environmental impacts associated with those inputs 

and outputs; and 

         - interpreting the results of the inventory analysis and impact assessment 

phases in relation to the objectives of the study. 

         LCA studies the environmental aspects and potential impacts throughout a 

product’s life (i.e. cradle –to-grave) from raw material acquisition through production, 

use and disposal. The general categories of environmental; impacts needing 

consideration include resource use, human health, and ecological consequences. 

         LCA can assist in: 

         - identifying opportunities to improve the environmental aspects of products at 

various points in their life cycle; 

        - Decision-making in industry, governmental or non-governmental organizations 

(e.g. strategic planning, priority setting, product or process design or redesign); 

         - Selection of relevant indicators of environmental performance, including 

measurement techniques; and 

         - Marketing (e.g. an environmental claim, eco-labeling scheme or environmental 

product declaration). 

This International Standard recognizes that LCA is still at an early stage of 

development. Some phases of the LCA techniques, such as impact assessment, are still 

in their relative infancy. Considerable work remains to be done and practical 

experience needs to be gained in order to further develop the level of LCA practice. 

Therefore, it is important that the results of LCA be interpreted and applied 

appropriately. 

         If LCA is to be successful in supporting environmental understanding of 

products, it is essential that LCA maintains its technical credibility while providing 

flexibility, practicality and cost effectiveness of application. This is particularly true if 

LCA is to be applied within small and medium-size enterprises (Chaya, 2003). 

 

         2.5.3    Life Cycle Assessment Framework 

 They are interrelated throughout the entire assessment and in accordance to the 

current terminology of the International Organization for standardization (ISO). The 
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general methodological structure of LCA, which is used as basic in the guideline 

follow the ISO 14040 series; 

         ISO 14040:1997 Principles and framework 

         ISO 14041: 1998 Goal and Scope definition and inventory analysis 

         ISO 14042: 2000 Life cycle assessment 

         ISO 14043: 2000 Life cycle interpretation (Grant, James, Lundie, and Sonneveld, 

2001).          

The components are goal and scope definition was shown in figure 2-3, inventory 

analysis, impact assessment, and interpretation.   
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Figure 2-5 The components of an LCA  

                                          Source: Grant, James, Lundie, and Sonneveld, 2001        

 

         1. Goal and scope definition: the goal and scope of the study needs to be clearly 

defined. The goal should state unambiguously the intended application/purpose of the study; 

the audience; which the results are intended for; the product or function that is to be studied; 

and the scope of the study. When defining the scope, consideration of the functional unit, 

system boundaries and data quality requirements are some of the issues to be cover. 

        2. Inventory analysis is concerned with the collection, analysis and validation 

of data that quantifies the appropriate inputs and outputs of a product system. The 
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results include a process flow chart and a list of all environmental inventories 

(inventories table) which are associated with the product under study. 

         3. Impact assessment is to identify and establish a linkage between the 

products life cycle and the potential environmental impact associated with it. The 

impact assessment stage consists of three phase that are intended to evaluated the 

significance of the potential environmental effects associated with the product system. 

         4. Interpretation in which the finding of either the inventory analysis or the 

impact assessment or both are  conclusion and recommendation (Grant, James, 

Lundie, and Sonneveld, 2001).          

         2.5.4    Application of LCA to domestic waste and LPB waste management 

         The study for domestic paper and packaging waste management activities was 

studied by using life cycle assessment (LCA) methodology in particular recycling and 

landfill.  LCA provide the methodology to evaluate the potential environment effects 

of a product over the entire period of its life cycle. It involves collecting data on raw 

materials used, energy consumption and wastes to air, water and land. All data is 

aggregated and modeled into a Life cycle inventory, which is characterized and 

classified to determine the environmental impacts of the system (Grant, James, 

Lundie, and Sonneveld, 2001).          

The environmental indicators and impact categories, chosen in 6 types are; 

greenhouse gases; energy; smog precursors; water use; and solid waste. Lifecycle 

assessment studies the environment aspects and potential impacts throughout a 

product’s life   from raw material through production, use and disposal. Impact 

considering is one important choice of LCA scope. The study should include the 

environmental aspects and potential impacts. In these studies, increased recycling will 

lead to decreased emissions of greenhouse gases. LCA in recycling and incineration of 

paper packaging materials are used as examples to discuss the usefulness of LCAs    ( 

Finnveden and Ekvall, 1998).  

         Different waste treatment options for municipal solid waste have been studied  

in a systems analysis. Different combinations of incineration, materials recycling of 

separated plastic and cardboard containers, and biological treatment (anaerobic 
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digestion and composting) of biodegradable waste, were studied and compared to 

landfill. The evaluation covered use of energy resources, environmental impact and 

financial and environmental costs. In the study, a calculation model (Orware) based on 

methodology from life cycle assessment (LCA) was used. The study shows that 

reduced landfill in favor of increased recycling of energy and materials lead to lower 

environmental impact, lower consumption of energy resources, and lower economic 

costs. Landfill of energy-rich waste should be avoided as far as possible, partly 

because of the negative environmental impacts from landfill, but mainly because of 

the low recovery of resources when landfill. Differences between materials recycling, 

nutrient recycling and incineration are small but in general recycling of plastic is 

somewhat better than incineration and biological treatment somewhat worse (Eriksson 

et. al, 2005).  

The findings of a life-cycle assessment (LCA) that examined whether a re-use 

and recycle strategy for a plastic-based packaging that substantially reduces the 

quantity of waste to landfill would also reduce the overall environmental burden. The 

resources and environmental effects assessed over the life of each of the packaging 

included fossil fuel consumption, greenhouse gas emissions and photochemical 

oxidant precursors. The results demonstrate that recycle and reuse strategies for plastic 

based products can yield significant environmental benefits. The study also includes 

some interesting findings regarding the relative contributions of transportation and 

construction energy, and the potential benefits of adjusting the impact assessment 

results to take into account the spatial variation in the significance of some 

environmental effects (Ross and Evans, 2002). Traditionally, treatment of solid waste 

has been given limited attention in connection with life-cycle assessments (LCAs). 

Often, only the amounts of solid wastes have been noted. This is unsatisfactory since 

treatment of solid waste, e.g. by landfill or incineration, is an operation, requiring 

inputs and producing outputs, which should be described in the inventory of an LCA, 

in parallel to other operations. However, there are difficulties in describing emissions 

from solid waste treatments and there is a need for development of such methods. In 

this paper an approach for describing emissions from incineration and landfill is 

outlined. Methodological questions concerning the time-frame and allocation 

principles are discussed. Methods for estimating potential emissions from landfill of 
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municipal solid waste and industrial wastes are suggested. The methods are used for 

calculating potential emissions from landfill of some typical wastes. These emissions 

are compared with the emissions from other stages in the life cycle for some materials 

and wastes. it is shown that the potential emissions from landfill are, for some 

products, of importance for the final results (Finnvedenlz et.al, 1995). 

         Several studies of life cycle assessment of MSW involve integrated waste 

management systems, which consist of many scenarios (Chaya, 2003). 

         

2.5.5 Impact categories and environmental effects in the context of LCA 

considered in the study 

         The environmental impact categories selected are greenhouse gases, energy 

resources and solid waste, which were considered for waste disposal; landfill and 

recycling (Figure 2-4).  

 

Parameter   Effect    Impact level 

 

CO2    Global warming   Global 

         

CH4    Summer smog   Regional 

 

LPB residue   Solid waste    Regional, local 

 

  Figure 2-6 Impact categories of the study 

 

          1)  Global warming; global warming is the impact of greenhouse gas 

emissions on heat radiation absorption in the atmosphere. The effect is increase in 

average temperature resulting in drastic effects on climate; Major contributors are 

CO2, CH4, and N2O. Global Warming Potential (GWPs) is used as equivalency 

factors, to convert all emissions into kg CO2- equivalents per functional unit to 

compare with the impact potentials from others production system. 

          2) Solid waste; solid waste cause emissions to water and air due to 

biodegradation and leaching. The solid waste may cause risk to human health in case 
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of direct contact and indirect impacts to ecosystems. Toxic substances from the 

disposed material ate leached into nearby groundwater reservoirs, rivers and lakes. 

The emissions have least effect to water and air in case of solid waste from biomass 

power plant because it is composed from organic compounds. Solid waste can reuse as 

soil conditioning and cement additive when it contains organic compound and silica. 

The contribution to solid waste potential can be quantified a kg of solid waste. 

 

         2.5.6    Environmental impacts in the context of LCA 

              1) Global warming 

           As the earth’s atmosphere absorbs part of the energy emitted as 

infrared radiation from earth towards space, heat is trapped leading to warming of the 

atmosphere. This phenomenon is known as the greenhouse effect. Substances such as 

CO2, N2O, CH4, and halocarbons generated by human activities, especially the 

consumption of fossil fuels, have been blamed for this effect as the causes of 

increasing the earth’s average temperature over the past few centuries. According to 

Environmental Design of Industrial Products (EDIP) method’s criteria (Wenzel et al., 

1997) in which IPPCC’s recommendation is followed, substances that are regarded to 

contribute to global warming must be a gas at normal atmospheric temperatures and be 

able to absorb infrared radiation and be stable in the atmosphere with a residence time 

of years to centuries, or they must be of fossil origin and converted to CO2, on 

degradation in the atmosphere. The impact is of a global scale.  

           For the calculation of global warming potential, the equivalency 

factor for the chosen time scale of each substance is multiplied to the amount of that 

substance. Equivalency factor (EF) for global warming potential (Wenzel et al., 1997) 

can be detemined by 

           EF  =   Contribution to global warming from gas (i) over T years 

                      Contribution from CO2 to global warming over T years 

          2) Human toxicity 

           Toxicity is an impact which predominantly affects humans in 

the environment on local and regional scales. For a limited number of substances 

which are broken down with great difficulty, easily transported and poisonous, toxicity 

can be a global impact. The procedure for determining a compound should be an 
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explanation of how toxicity potentials are calculated (Wenzel et al., 1997). Calculate 

the human toxicity potentials for the relevant exposure routes by multiplying the 

magnitude of the emission with the equivalency factors found:  

          

EP(ht) = Q.EF(ht) 

 

   Where EP(ht) is the toxicity potential for humans by exposure 

to the substance via one of the four compartment air, water, soil or ground water. The 

toxicity potential is determined as the product of the quantity of substance Q emitted 

and the substance’s equivalency factor EF for exposure through the compartment. The 

toxicity potential is expressed in m3 of the compartment (Wenzel et al., 1997). 

        3) Solid waste 

           The inventory can include a number of emissions of waste to be 

dumped in various ways. These are actually non-terminal emissions, but it is not 

currently possible to terminate them in an acceptable manner as there still are no 

satisfactory unit processes for computation of emissions from dumping, bulk waste, 

i.e. household waste, construction waste and similar brought to a municipal landfill 

(Wenzel et al., 1997). 

           

2.7    SimaPro  Software 
SimaPro 7.O Version 2.03 provides a professional tool to collect, analyze and 

monitor the environmental performance of products and services. You can easily 

model and analyze complex life cycles in a systematic and transparent way, following 

the ISO 14040 series recommendations.  First released in 1990, SimaPro is a proven, 

reliable and flexible tool used by major industries, consultancies and universities. With 

users in over 50 countries, SimaPro continues to be the most successful LCA software 

worldwide, and is used for the assessment of products, processes and services.  

SimaPro has all features ; 

-  A full product family with a suitable 

- SimaPro solution for every need.  Intuitive user interface following  

ISO 14040. 

- Easy modeling, with powerful wizards available to assist you.  
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Parameterized modeling with scenario analysis. 

- Hybrid LCA with Input Output databases. direct linking to Excel or  

ASP databases 

-  Direct impact assessment calculations from each stage of your model. 

-  Monte Carlo analysis. All results in one convenient window.  

-  Interactive results analysis: trace results back to their origins, in real  

time. 

-  Weak point analysis: use the process tree to identify any "hot spots" 

-  Extensive filtering options for all results.- Analyze complex waste  

treatment  and recycling scenarios.- Allocation of multiple output processes. 

The SimaPro 7 family is implement lifecycle assessment in a flexible way. 

SimaPro comes in the 3 professional versions that are available in a single user (stand 

alone) or multi user network version, which is ideal for team work. There are 3 

professional versions; Compact, Analyst and Developer. Compact for quick results is 

ease of use, quick learning and an intelligent design. It is built for reliable results with 

limited effort. The Compact version has all the functionality to perform a full LCA 

study.  

         SimaPro analyst is for detailed LCA studies. It is built for the LCA expert that 

wants to assess every detail of the LCA is making. It supports parameterized 

modeling, and comes with advanced analytical features including parameter based 

scenario analysis and Monte Carlo analysis.  

         SimaPro Developer to create dedicated LCA tools for the specialist, It has the 

same features as the SimaPro Analyst but is extended with direct Excel/ASP linking, 

Wizard writing options, COM interface and import/export in EcoSpold format.  

         Database, SimaPro comes inclusive of several inventory databases with 

thousands of processes, plus the most important impact assessment methods. You do 

not have to spend time on collecting general data, and you can focus on the important 

issues of your study (Pre Consultant, 2006). 
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CHAPTER III 

  RESEARCH METHODOLOGY  
 

 

3.1 Data and material 
Data and materials used for this study are following; 

          3.1.1 Map of Bangkapi District. 

          3.1.2  Statistical data 

                  1)   Annual report of Thailand waste management from 

Pollution Control Department.  

2) Annual report from the Thai Beverage Carton Group. 

3) Energy consumption and emission from recycling and 

landfill process 

          3.1.3 Equipments 

                  1)  Computer equipment 

2) Program SimaPro 7.0 Version 2.03 

3) Questionnaire  

 

3.2  Study process and data collection; Case study was performed in 

Bangkapi District 
         3.2.1 The study on landfill process and recycling process; to collect needed 

data and basic information that related to environmental impact and emission 

requirement of On Nuch landfill  where is located in Bangkok that has integrated solid 

waste disposal 2 technique; landfill and composting. Green board recycling factory 

where produce recycling product from liquid paperboard in Samuthsakorn province. 

         3.2.2 Information of waste and waste treatment system had been assessed an 

environmental impact by using calculation set up and run on SimaPro 7.0 Version 2.03 

software. 
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3.3  Data analysis 
         3.3.1  A calculation setting, in the study use a calculation based on methodology 

from life cycle assessment (LCA). 

         3.3.2  To find out Impact assessment, the effects of resource use and 

environmental emissions are grouped and quantified into a limited number of impact 

categories. Only classification and characterization was performed for this study. 
 

3.4  LCA methodology 
         LCA methodology consists of four phases; goal and scope definition, inventory 

analysis, impact assessment, and interpretation. 

 The initial phase of LCA involves the establishment of objectives and system 

boundaries of the products or services of interest. The goal definition will define. In 

this study, the objective is to assess environmental impact of LPB waste management 

(landfill and recycling). LCA results can be used for any party that has an interest in 

waste management. Scope definition starts with the defining of products or services to 

be assessed and functional unit. The functional unit includes both qualitative and 

quantitative definitions in terms of the service provide, The function unit of the study 

is 1 ton of LPB waste is treated after that assessment criteria will be established. All 

resource and energy consumed and potential environmental impacts will be identified. 

The limitation of this study is technological developments. The environmental 

indicator of recycling and landfill were chosen. There are greenhouse gases, human 

toxicity, energy resources and solid waste. All indicator of liquid-paperboard are 

shown in table 3-1 below; 
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Table 3-1 Indicator categories data for landfill and recycling   

Indicator Unit Major contributor Nature of damage 

Greenhouse 

Gas/Global Warming 

potential 

kg CO2eq CO2, Methane Climate change 

Energy Resources MJ LHV Oil  and electricity Depletion of energy 

resource 

Solid waste kg All solid 

waste from 

production 

Impacts depend on 

character of waste 

Human Toxicity mg Heavy metal, 

poisonous 

substance 

Human health 

          

    Source: Wenzel etal., 1997 

 

  3.4.1 Inventory Analysis  
             Inventory analysis is the process of compiling all inputs and outputs of raw 

materials , resources, energy and environmental emissions in each process starting 

with the process of raw material acquisition through manufacturing, use/reuse, 

recycling, and disposal (from cradle to grave). In this study, LCA start from LPB 

carton dispose becomes waste and ends by landfill or recycling. After the goal and 

scope is defined, unit data and unit process will be set. Data collection for compiling 

the inventory of environmental impact will be processed and presented as a normalize 

form. Data reference can be classified into process-specific data, site-specific data, and 

general data.  Data sources and collection methods are shown in table 3-2.below. 
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Table 3-2 Data acquisition 

Life Cycle 

Phase 

Needed Parameter Stakeholder 

identified 

Method for 

Data 

Collection 

Collection and 

separation of 

LPB 

 - Electricity consumption 

 - Air treatment 

Sorting plant (On-

nuch Landfill, 

School collecting) 

I and R 

R 

Landfill - Electricity consumption 

- Fuel consumption 

- Waste water, air emission, 

and solid waste. 

Study site (On-

nuch Transferring 

station, On-nuch 

Municipality, 

Bangkok and 

Landfill site , 

Chachengsao 

Province) 

R 

R 

R 

Recycling 

(Thermal 

compression) 

- Electricity consumption 

- Fuel consumption 

- Avoided emissions from 

landfill 

- Energy saving from 

recycling 

Study site  

(Green Board 

Manufacturing, 

Samuth-sakhon) 

I and R 

I and R 

SimaPro 7.0 

 

SimaPro 7.0 

 

Note: I: Interview, R: Report, SimaPro 7.0 Version 2.03 software 

                 

The inputs and out puts of landfill and Thermal-compression are quantified. 

The source of data collection includes; 

1)     Literature information; specific publications, public report, LCA  

report, electronic data base. 

2)    Questionnaire 

3)    Assessment by SimaPro 7.0 Version 2.03 software 
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3.4.2  Impact Assessment 
         The effects of resource use and environmental emissions are grouped and 

impact assessment is to identify and establish a linkage between the products life cycle 

and the potential environmental impact associated with it. The impact assessment 

stage consists of three phase according to the EDIP (Environmental Design of 

Industrial Products Methods) that are intended to evaluated the significance of the 

potential environmental effects associated with the product system 

1)     Classification and characterization, all inputs are sorted into  

environmental impact  categories according to the effects they contribute after that to 

calculate potential environmental impacts for emissions (characterization) which is 

aim to calculate the contribution to various impacts, and determine how much impacts 

are produced . Some of substances may have more intense impact than others. For 

global warming the reference substance is carbon dioxide , CO2, and the impact factor thus 

express the substances’ potential impact as grams of CO2 equivalent per gram of substance. 

When methane has an impact factor of 11, it means that emission of 1g of methane 

contributes as much to global warming as the emission of 24.5 g CO2. Environmental 

assessment of products also found in the software, SimaPro 7.0 Version 2.03 software. 

  The emission’s potential contribution to the environmental impact is calculated as 

follows; 

EP (j)i = Qi x EF(j) 

 Where EP(j)i is the emission’s potential contribution to the environmental 

impact (j), Qi is the magnitude of emission of substance (i), EF(j) is the substance’s 

equivalency factor for the environmental impact category (j). 

                 2)    Normalization to provide an impression of the relative magnitude 

of the potentials environmental impacts and present the result in a suitable form for 

weighting and decision –making. It is aim to gain a better understanding   of the relative size 

of an effect. The unit of environmental impact potentials is expressed as person-equivalents 

(PE), which determine the potential, impact of an average person in the whole world or 

other regions of the world or other regions of the world used as normalization references 

(present in the same references mentioned in the classification and characterization step in a  
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given time and depending on the type of impact (global or regional or local). The 

normalization is performed by: 

  NEP(j)  =    EP(j) x 1/(T x ER(j)) 

 Where  NEP(j)  =   The normalized environmental impact potentials 

              EP(j)  =   The environmental impact potentials 

             ER (j)  =    The normalization reference for impact category for  

specific area 

              T  =    Time of functional unit 

  3)    Weighting to indicate which one of the environmental impacts and 

resource use are the most importance. The objective is to compare the potentials of 

different impacts how much the seriousness of the impact categories are relative to one 

another. To compute as follows: 

WEP(j)  =   WF(j) x NEP(j) 

WEP(j)   =   ER(j)/ER(j)2005 x EP(j)/ER(j) x 1/T 

 

Where ; 

WEP         =   The weighted environmental impact potential 

             ER(j)2005  =  The environmental impact potential of the target in 

the year 2005 

             WF(j)       =   The weight of factor for the environmental impact  

categories 

             NEP(j)     =   The normalized environmental impact potentials 

              EP(j)        =   The environmental impact potentials 

             T              =   Time of functional unit 

         

3.4.3  Interpretation 
The results were reported in the most informative way. 

 

         3.4.4  SimaPro 7.0 Software Version 2.03 
 SimaPro 7.0 Software Version 2.03 is a commercial software package being 

used as a tool to collect, analyze and monitor environmental information for products 
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and services following ISO 14040. Its first edition was released in 1990. The features 

are includes 

1)   Intuitive user interface: the LCA explorer guides the users through 

their LCA following the ISO 14040 series standards. 

2)   Direct impact assessment calculations from each point in a database  

or project. 

3)   All results can be traced back to their origin. 

4)   Damage assessment is included. 

5)   Weak point analysis can be determined by a process tree. 

6)    Process contribution allows the users to see which process  

contribute most to the result. 

 7)   Allocation of multiple output processes. 

8)   Analyze take-back and assembly of products, as well as complex  

waste treatment and recycling scenarios. 

9) Contains data quality indicators. 

10)  Import and export function for database and processes. 

          

 Databases covering 2,500 processes included in the software are ETH-ESU 96, 

BUWAL 250, Dutch Input-Output database, and Industrial data and several other database. 

These databases provide LCIs of nearly all chemicals, products, transportation, processing, 

and waste treatment. 
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CHAPTER IV 

RESEARCH RESULT 
 

 

4.1    Goal and scope definition 
The first phase of LCA is to define goal and scope which are equivalent to 

objective and the boundary of research to be performed. This study examines the 

environmental impacts between recycling compare to landfill disposal started from 

liquid paperboard discard to waste stream until degraded by landfill and /or recycling 

to new product.  

To limit the scale of data collection the research focused on Bangkapi district, 

Bangkok. Both of waste management includes pretreatment processes such as 

collection, transportation, and sorting (only for landfill). LCA result can be used for 

the target group and decision maker who have interest in LPB waste management.  

In the scope boundary of the work, the object of the LCA, LPB treatment 

scenario is identified. 

 

Table 4-1 LPB waste characteristic  

LPB waste characteristics 

 and compositions 

Unit Amount 

Density 

Moisture 

Paper 

Aluminum 

PE 

g/cm3

% 

% 

% 

% 

1.064 

6.0 

70.8 

4.7 

24.5 

Source : Tetra Pak, 2001 
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4.2    Functional Unit 
         To compare of the two scenarios, functional unit is defined. One ton of LPB 

treated by recycling and sanitary landfill is chosen. All energy material consumption 

and emission are expressed as ‘per ton of LPB treated’  

 

Table 4-2 The LCA phase and questions need to be considered  

Goal definition - What is the purpose of the 

LCA? 

- Who is target group? 

- The objectives are the same 

as the study’s objectives. 

- The target group whom 

LCA results can be use for 

decision making and whom 

interested in this issue. 

Scope 

definition 

- What is products/process to be 

assessed? 

 

- What is the functional unit? 

 

 

 

- What is scope of the study to be 

included? 

 

 

 

 

 

 

 

 

- LPB to waste management 

recycling and landfill scenario 

is the object to be evaluated. 

- The functional unit is one 

ton of LPB treated by 

recycling and sanitary 

landfill. 

- System boundary and life 

cycle diagram of both waste 

management scenarios is 

shown in figure 4-5 to 4.7 

The scope of life cycle starts 

from LPB was discarded into 

waste container and to be 

collected and dispose by 

municipality.  

Transportation is included for 

considering. 
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Table 4-2 The LCA phase and questions need to be considered (Cont.) 

Scope 

definition 

What are environmental assessment 

parameters and environmental 

impacts for this process? 

 

 

 

 

What is the time horizon for 

validity of the LCA? 

 

 

 

What are the technological and 

geographical scopes? 

 

 

 

 

 

 

 

 

Allocation of environmental 

exchanges? 

 
 

- The environmental 

indicator of recycling and 

landfill were chosen. 

There are greenhouse  

gases, human toxicity, 

,energy resources and 

solid waste. 

- LCA result are expected 

to be next 5 years where 

the technology of LPB of 

both recycling and landfill 

are not change. 

- The LCA results are 

valid for recycling of LPB 

in Thailand where thermo-

press system with a 

capacity of 160 piece per 

day for 12 production 

hours. For landfill where 

LPB waste was treated in 

27,200 m3/day plant 

(MSW). 

- Sanitary Landfill with 

gas collecting system 

provides energy in form of 

CH4 gas capture and 

recycling avoids virgin 

resource (wood, MDF) 
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Table 4-2 The LCA phase and questions need to be considered (Cont.) 

Inventory What are the data requirements? 

 

 

 

 

 

 

 

What is the quality of the 

collected data? 

How is the LCI modeled? 

 

 

 

- Data of energy and resource 

consumptions, emission to air, 

water and generation of solid 

residues was collected. Some 

general data such as emission 

from transportation is obtain 

from the software, SimaPro 

7.0 V. 2.03 

- Quality of the collected data 

is determined by their sources. 

- All parameters of energy and 

resource use and emission are 

calculated and expressed per 

functional unit (e.g. amount in 

kg emission per 1 ton of LPB 

landfill). Inventory is shown 

in tabular form. 

Impact 

Assessment 

- Which resource consumptions 

and environmental impact 

potentials are the most 

important? 

- All listed in the scope 

definition. LCA result in term 

of environmental impact 

potential. 

- Impact assessment is 

determined by the software, 

SimaPro7.0 using CML 1992 

V 2.03 . 

 
Source : Wenzel, 1997 
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4.3    System Boundaries 
 Life cycle of LPB waste management started from liquid paperboard discard 

to waste stream until degraded by landfill and /or recycling to new product. All 

environmental input and out put within these boundaries are determine. This study has 

been to examine the environmental impacts from LPB recycling compare to landfill. 

The elements included and excluded from the study are shown in table 4-3 
 

Table 4-3 Elements included and excluded from the study 

 

Included in study 

 

 

Excluded from study 

Activity 

 

 

- Bangkapi domestic kerbside recycling and 

garbage collection. 

 

- Industrial Recycling. 

- On-nuch domestic kerbside recycling and 

garbage collection. 

 

- Fertilization plant /Decompose 

plant 

Life cycle stages 

 

 

- Life cycle stages from point of discard in 

home through kerbside collection, transport 

sorting, processing, and reprocess. 

 

- Life cycle stages from raw 

material extraction. Processing and 

manufacturing, distribution.  

 

 

 

 

 

 

 



Fac. of Grad. Studies,  Mahidol Univ.  
 

                                M.Sc. (Environmental Management) / 57

 
Product 

 

 

 Filling 
 

 Distribution 
 

 Use 
 

 

 Beverage carton or 
LPB carton waste 
discard to waste 

stream 

Beverage carton or 
LPB carton waste 

discard to 
recycling stream 

 

 

 

 Collection and 
transportation 

Collection and 
transportation  

 

 Reprocess 

Landfill  

 
Green board Product   

 

 

Figure 4-1 System boundaries for the study 
   

4.3.1    Recycling System  

LPB waste in Bangkapi district was collected by Bangkapi municipality and was 

transferred to Recycling system in small proportion.  There are difference collecting 

location; 1) drop off in recycling container at school and 2) discard in trash bin to waste 

stream by Household. Mostly of LPB waste were sent to recycling factory come from 

school but the LPB waste from household mostly go into waste stream and were treating by 

landfill. Referring to the preparing process, LPB waste were rinse by water at home or in 
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school before collect altogether and transfer to the recycling factory to produce as Green 

board respectively. 

In this study, Chipbord manufacturing where located in Samuthsakhon province; 

Green board (Thailand) Co., Ltd.; was selected as the study representative. Beverage Carton 

waste was sent to Green board manufacturing which comprise of 4 process; 1) shredding 2) 

forming 3) hot and cold press 4) trimming. 

         Thermo-formable chipboard can be made from used beverage cartons. They are 

shredded, spread in a layer of the desired thickness, put in a press and heated to 

approximately 170 oC to melt the plastic, followed by cold pressing for final setting. The 

plastic binds the densely packed fibers and aluminums shreds together without addition of 

any glue or binding chemical. 

         Green board is composed of paper, polyethylene and aluminum the components of 

beverage cartons. Green board can be made into office furniture, school furniture, souvenirs, 

exhibition material, karaoke room, ceiling, wall and more.  

The manufacturing of Green board can be explained by the figure 4-2 shown below; 
 

1. Laying  
 

2. Hot Press  
 

                                  
3. Cold Press 

       
 

Figure 4- 2  Thermo-Press process Schematic : the Green Board production 
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4.3.2  Sanitary Landfill System 

4.3.2.1    On-nuch Landfill area was studied on the process, raw  

material input and energy consumption that can be described as following; 

1)    Collecting and sorting 

                 2)    Separating 

                                 3)    Baling 

                                 4)    Wrapping 

                                 5)    Transport to Landfill (Panomsarakarm district, 

Chachengsao Province) 

  4.3.2.2    Fill in dumping site, waste transferred to landfill dumping site 

in Phanomsarakham district, Chacherngsao province. The daily operation to collect 

the baled waste in to the dumping area need the process as follow; 

1) Daily covering 

                         2) Waste water treatment 

 

 4.3.2.3   Monitoring; CH4, methane were monitor and record daily  

MSW included LPB waste was collect and sorting at On-nuch  

transferring station and to be  baled and wrapped and transport to landfill dumping site 

at Phanomsarakham district , where the distance far from Bangkok 82 km. 

Figure 4-3 show the detail of sorting, baling and wrapping process which is a  

preparation process before transport to landfill dumping site. There compound of 3 

main areas related as following;  

1)     Sorting/separation area with magnetic separator,  

2)     Baling area, and 

3)     Wrapping area.  

The air pollution generated and treated by air treatment unit and waste water 

which will be treated by air treatment and leachate pump to waste water treatment 

plant (WWTP).  

The figure 4-3 shown the process line of landfill collecting and transferring site 

before transport to landfill dumping site. On-nuch transferring site received the 

municipality waste, separation the recyclable waste and separate the composting waste 

to decomposed area to be organic fertilization. Remaining solid waste were baled and 
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wrapped before landfill at sanitary landfill dumping site at Tambon Phanomsarakham, 

Chacherngsao province. There are 10 process areas were presented as below; 

(9)

(3) 
(2)

(1)  (4) 
(10)

(5) 

(7) (6) 

(8) 

 

Figure 4-3 On-nuch –Phanomsarakham Landfill site 

 

(1) Sorting area; magnetic Separation  

(2) Baling machine 

(3) Wrapping machine 

(4) Loading 

(5) Weighting bridge 

(6) Transfer station office 

(7) Transfer to landfill 

(8) Landfill dumping site 

(9) Air treatment 

(10) Leachate pump to waste water treatment plant (WWTP) 
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Figure 4-4 display project lay out of sanitary landfill at Phanomsarakham district, 

total area is 388 Rai   where comprise of  4 main areas; 1) dumping are 290 rai, 

WWTP 26 rai, main office  10 rai and buffer area 62 rai.  

 

TOTAL AREA 388 Rai 

PROJECT LAY OUT DUMPING AREA 290 Rai 

WWTP 26 Rai 

PHASE  2 OFFICE 10 Rai 

BUFFER AREA 62 Rai WWTP 

PHASE 1 

PHASE  3 

PHASE  4 
Reservoir 

 
 

Figure 4-4 Sanitary Landfill Layout at Panomsarakham, Chacheangsao province 

        

        Figure 4-6 shown the schematic of  sanitary landfill dumping area was divided 

into 4 main areas divided to rciceive the waste from On-nuch municipality waste 

transferring station there are; 

                1) Dumping Area 290 Rai 

                2) WWTP 26 Rai 

                3) Office area10 Rai 

                4) Buffer Area 62 Rai 
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4.4    Allocation 
Allocation of environmental impacts was done by system expansion (ISO 

14041, Kevil and Finn Eden, 2000). Avoided product for landfill and recycling were 

including in the systems. 

         For landfill, environmental emissions calculated from the amount of electricity 

produced per one ton of LPB waste were subtracted from emissions from the whole 

process of landfill. In the study, methane was not collected but flared to atmosphere. 

         This was considered as a credit for landfill because it provided electricity in 

which if produced by the conventional production (coal base) these emissions would 

be expected to occur. It means that to produce electricity from LPB landfill waste 

avoids these emissions and generating impacts. 

         Equivalent to MDF board generally can be made into office furniture 

(according to the assumption made). Those emissions from MDF emission production 

calculated per amount of Green board produced by recycling were subtracted from 

emissions produced by it. Avoid emissions and impacts were credited, resulting in the 

net impacts so that the two treatment systems can be compared in terms of the overall 

performance. Flowchart of Green board production process shown in the figure 4-5 

below; 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-5 System boundaries of LPB waste recycling 

Input Out put Process
 

Shredding 

Green board 
Products 

Forming

Hot and Cold 
Press 
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Waste water

Solid 
residues 
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Figure 4-6 Operational Flowchart of LPB waste landfill 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-7 System boundaries of LPB waste landfill 
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_ Landfill with energy 
recovery 

Conventional electricity 
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Treatment of LPB waste Electricity Electricity 

_ Recycling; Green Board MDF board Production 

 

Figure 4-8 Allocation by system expansion (Subtracted System) 
 

4.5   Key assumptions 
         Assumptions were made to allow the LCA result to be valid and applicable for 

the purposes. Based on the goal and scope, key assumptions for the study were: 

       - LPB waste collected by Bangkapi Municipality, possessing characteristics as 

indicated in Table 4-1, was chosen as representation for this study. 

       - The distance from household to On-nuch transferring station is not use in the 

calculation because the waste were separated at this transferring station and were 

transported to each treatment area in different routs; landfill dumping site or 

greenboard factory. 
 

4.6   Inventory Analysis 
Modeled the life cycle inventory of LPB recycling and landfill, the data 

requirement are energy consumption, material used and emission to air, and solid 

waste or residues within system. 

Treatment of LPB waste Office Furniture Office Furniture 
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4.6.1    Data input before modeling 

         The proportion of LPB waste in MSW waste stream refer to the sale volume 

statistic in Bangkok is 2,967 boxes per/day. LPB waste was collected by Bangkok 

Metropolitan Municipality around 29.67 kg/day.  

Result from interview by using questionnaire, the amount of liquid paperboard 

dispose in Bangkapi district is 0.029 kg./household/day. Generally, the LPB 1 kg 

compounds of LPB waste 80-100 cartons.  

 

         4.6.2  Specific data input from both treatment system 

Landfill and greenboard factory to be analyzed in Life Cycle Inventory Analysis.  

Specific data  available from landfill  are  electricity  and  diesel  consumption  by  

machine.   

For   the  greenboard factory,  data  input  are  energy  consumption;  fueloil  

and electricity from machine used in process.    

         Transportation concern to distance was calculated. The distance between 

greenboard factory at Samutsakhon and waste transferring station  at Onnuch is 38 km. 

and the distance form waste transferring station at Onnuch to sanitary landfill dumping 

site at Phanomsarakham, Chacherngsao is 82 km.  

 

Table 4-4 Energy Consumption of Greenboard Manufacturing per one ton LPB waste 

at Greenboard Factory, Samut Sakhon Province.  

 

Energy Type 

 

Machine 

/Process /Area 

 

Total  

 

Unit 

Electricity Shredding & 

Forming 

16.776 kWh/ton LPB waste 

Electricity Hot  Press 25.164 kWh/ton LPB waste 

Electricity Cold Press 25.164 kWh/ton LPB waste 

Fuel Oil Whole Process 1.875 ton fuel oil /ton LPB waste 
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Referring to the energy consumption in daily operation of waste management 

system; landfill at On-nuch and Panomsarakarm site has details as shown in the table 

below; 

 

Table 4-5 Energy consumption by Landfill per ton LPB waste 

 

Energy Type 

 

Machine/Process 

/Area 

 

Total Amt. 

 

Unit 

Electricity Collecting and Sorting 5.280 KWh/ton LPB waste 

Electricity Magnetic Separator 0.144 KWh/ ton LPB waste 

Electricity Air Treatment 1.280 KWh/ ton LPB waste 

Electricity Baling 6.400 KWh/ ton LPB waste 

Electricity Wrapping 1.680 KWh/ ton LPB waste 

Electricity WWTP 2.160 KWh/ ton LPB waste 

 - WWTP (Pump) (0.720) KWh/ ton LPB waste 

 - WWTP (Aerator) (1.440) KWh/ ton LPB waste 

 

4.7    Impact assessment  
Environmental impacts from two scenario of LPB waste management; 

recycling and landfill were determined after the inventory made. CML 1992 V 

2.03/W-European territory impact assessment methodology in SimaPro 7.0 Version 

2.03 was used because this method suitable for the study especially on the 

environmental impact parameter selected in the study. The considered parameters of 

the study are Global warming potential, Energy resource, Human toxicology and solid 

waste.  

As shown in the table 4-11 to 4-12 are the environmental impact of each LPB 

treatment options, recycling and landfill. Table 4-13 was shown the summarize 

impacts assessment result. Figure 4-9 to 4-12 are impact from greenboard; Global 

Warming Potential, GWP as kg CO2 equivalent, energy resource use as MJLHV, 

human toxicity as mg and solid waste in kg waste. Figure 4-13 to 4-16 are impact from 

landfill; Global Warming Potential; GWP as kg CO2 equivalent, energy resource use 

as MJLHV, human toxicity as mg and solid waste in kg waste.  
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         To find the environmental  impact comparing between recycling and  landfill 

to evaluate environmental impact : Greenhouse, energy resources, human toxicity, and  

solid waste were express in unit as kg GWP, mg, MJ LHV and kg waste respectively.  

The LPB waste recycling was shown less potential impacts than landfill but not much 

different in each value except for energy resources use. 

 

        4.7.1    Global warming  

        Both landfill and recycling scenario shown the amount of kg. GWP not 

different. 

 

        4.7.2    Human toxicity 

        Recycling has more impact in category of human toxicity, most of the impact.           

 

4.7.3    Solid waste 

         Both of liquidpaperboad treatment scenarios have not generated solid waste. 

 

4.7.4    Energy resource 

         The result of energy resources use are not much different of both treatment 

options as shown in figure 4-10 and figure 4-14.  
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Table 4-6   Impacts from LPB waste recycling (Greenboard) calculated by SimaPro 

7.0   with CML  1992  V 2.03 Method                

                    

Impact category 

 

Unit 

 

Total  

Greenhouse 

 

kg GWP/ton LPB waste 535 

Energy resources 

 

MJ LHV/ton LPB waste  312 

Human toxicity 

 

mg/ton LPB waste 6.76 

Solid waste 

 

kg waste/ton LPB waste 0.0021 

 

Table 4-6 shown the result of environmental impact generated by recycling as 

greenboard products. The parameter concerned are greenhouse, energy resources, 

human toxicity, and  solid waste were express in unit as kg GWP, mg, MJ LHV and kg 

waste respectively.   

 Total amount of impact from recycling are 535 kg GWP/ton LPB waste, 312 

MJ LHV/ton LPB waste, 6.76 mg/ton LPB waste and 0.0021 kg waste/ton LPB waste 

for greenhouse, Energy resources, Human toxicity and Solid waste respectively. 
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Figure 4-9 shown total global warming potential generated by recycling as 

greenboard products is 535 kg GWP/ton LPB waste. The environmental impact which 

generated by different type of energy use in term of carbon dioxide as kg GWP, 

electricity and fossil fuel; oil, heavy oil and diesel. Kg GWP generated by electricity is 

349.65/ton LPB waste higher than fossil fuel 47.68/ton LPB waste. 

 

 
Figure 4-9 Global warming potential (kg. GWP per ton LPB waste) of recycling 

(Greenboard)  
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Figure 4-10 shown total energy resource used by recycling as greenboard 

product is 312 MJLVH/ton LPB waste. The energy used which compound of different 

type; electricity and fossil fuel. Electricity used in production is a major impact 248 

MJLHV/ton LPB waste  higher than transportation used is 47.68 MJLHV/ton LPB 

waste. 

 

 
Figure 4-10 Energy resources (MJ LHV per ton LPB waste) of recycling  

(Green board)  
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Figure 4-11 shown total human toxicity impact by recycling as greenboard 

product is 6.76 mg/ton LPB waste. human toxicity impact which compound of 

different type of emission ; nitrogen oxide and sulfur oxide. Nitrogen oxide in 

production is a major impact 2.58 mg/ton LPB waste  higher than sulfur oxide is 2.21 

mg/ton LPB waste but not much differ in overall. 

 

 
Figure 4-11 Human toxicity (mg per 1 ton LPB waste) of recycling    

(Greenboard) 
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Figure 4-12 shown total solid waste generated by recycling as greenboard 

product is 0.0021 kg waste/ton LPB waste. Recycling can totally treat the waste of 

LPB as greenboard products. 

 

 
Figure 4-12 Solid waste (kg. waste per 1 ton LPB waste) of recycling 

(Greenboard) 

 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies,  Mahidol Univ.  
 

                                M.Sc. (Environmental Management) / 73

Table 4-7 Impacts from LPB Landfill calculated by SimaPro7.0 with CML 1992 

V 2.03 Method     

Impact category Unit Total  

Greenhouse 

 

kg GWP/ ton LPB waste 577 

Energy resources 

 

MJ LHV/ ton LPB waste 274 

Human toxicity 

 

mg/ ton LPB waste 7.03 

Solid waste 

 

kg waste/ ton LPB waste 0.0021 

 

Table 4-7 shown the result of environmental impact generated by LPB landfill,  

the parameter concerned are greenhouse, energy resources, human toxicity, and  solid 

waste were express in unit as kg GWP, mg, MJ LHV and kg waste respectively.   

 Total amount of impact from landfill are 577 kg GWP/ton LPB waste, 274 MJ 

LHV/ton LPB waste, 7.03 mg/ton LPB waste and 0.0021 kg waste/ton LPB waste for 

greenhouse, Energy resources, Human toxicity and Solid waste respectively. 
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Figure 4-13 shown total global warming potential generated by LPB landfill is 

577 kg GWP/ton LPB waste. The environmental impact which generated by different 

type of energy use in term of carbon dioxide as kg GWP, electricity and fossil fuel; oil, 

heavy oil and diesel. Kg GWP generated by electricity is 335.71/ton LPB waste higher 

than fossil fuel 102.88/ton LPB waste. 

 

 
Figure 4-13 Global warming potential (kg. GWP per ton LPB waste) of landfill  
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Figure 4-14 shown total energy resource used by LPB landfill is 274 

MJLVH/ton LPB waste. The energy used which compound of different type; 

electricity and fossil fuel. Electricity used in production is a major impact 246 

MJLHV/ton LPB waste  higher than transportation used is 27.62 MJLHV/ton LPB 

waste. 

 

 
Figure 4-14 Energy Resource (MJ LHV per ton LPB waste) of landfill 
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Figure 4-15 shown total human toxicity impact by LPB landfill is 7.03 mg/ton 

LPB waste. human toxicity impact which compound of different type of emission ; 

nitrogen oxide and sulfur oxide. Nitrogen oxide in production is a major impact 2.87 

mg/ton LPB waste  higher than sulfur oxide is 2.14 mg/ton LPB waste but not much 

differ in overall. 

 

 
Figure 4-15 Human toxicity (mg. per 1 ton LPB waste) of landfill 
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Figure 4-16 shown total solid waste generated by LPB landfill is 0.0021 kg 

waste/ton LPB waste. Landfill can totally treat the waste of LPB by dumping all in the 

landfill site. 

 

 
Figure 4-16 Solid waste (kg. waste per 1 ton LPB waste) of landfill 
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Table 4-8 All Environmental Impacts from LPB waste landfill compare to 

recycling calculated by SimaPro7.0 Version 2.03, CML 1992 Method   

 

   

Impact category 

 

Unit 

 

Life Cycle of 

LPB Landfill  

 

Life Cycle of 

Greenboard 

Greenhouse 

 

kg GWP/ton LPB waste 577 535 

Energy resources 

 

MJ LHV/ton LPB waste 274 312 

Human toxicity 

 

mg/ton LPB waste 7.03 6.76 

Solid waste 

 

kg waste/ton LPB waste 0.0021 0.0021 

 

Table 4-8 were shown the result of environmental impact from LPB waste 

landfill compare to recycling calculated by Simapro7.0. The parameter concerned are 

greenhouse, energy resources, human toxicity, and  solid waste were express in unit as 

kg GWP, mg, MJ LHV and kg waste respectively.   

 The result of environmental impact generated from recycling, greenhouse is 

535 kg GWP/ton LPB waste compare to landfill is 577 kg GWP/ton LPB waste, 

energy resources is 312 MJ LHV/ton LPB waste while landfill generated 274 MJ 

LHV/ton LPB waste. Human toxicity is 6.76 mg/ton LPB waste while landfill 

generated 7.03 mg/ton LPB waste and the last impact categories; solid waste both 

treatment options generated only 0.0021 kg waste/ton LPB waste.  

Mostly of the environmental impact from two treatment options is not much 

differ amount except the energy resources consumption because the green board 

production consumed much energy and generated heat loss during production. Also 

the input of LPB waste has low amount and the process was short working hour per 

day. 

The recycling consumes energy more than landfill because heat loss in process 

and low production per day. 



Fac. of Grad. Studies,  Mahidol Univ.  
 

                                M.Sc. (Environmental Management) / 79

Figure 4-17 shown the comparing between recycling and landfill in percent, 

consider the environmental impact each bar, greenhouse or global warming potential, 

human toxicity are higher than recycling generated. Consider the solid waste is equal 

from both treatment options but the energy resources use the recycling consume high 

amount than landfill. 

 

 
Figure 4-17 Potential environmental impact of recycling (greenboard) VS landfill  

 

4.8    Interpretation 
The result from lifecycle inventory and impact assessment of landfill and 

recycling in term of environmental impact are; 

4.8.1    Greenhouse gas  

Landfill generated greenhouse gas 577 kg GWP/ton LPB waste while recycling 

generated 535 kg GWP/ton LPB waste. From the result shown that recycling create 

environmental impact, greenhouse gas lower than landfill. Although, an amount of 

greenhouse gas is not much differ calculated per ton but for long period 20, 100 year 
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will be more impact. Recycling has low greenhouse gas because the finished goods as 

green board is not continue decompose which is different from the LPB waste in 

landfill dumping site that continue generate emission for long period. 

 

4.8.2    Human toxicity 

  Human toxicity calculated as mg per mg/ton LPB waste, the result of 

landfill is 7.03 mg and recycling 6.76 mg. Landfill more affect to human health more 

than recycling as green board. 

 

4.8.3 Solid waste 

Both of treatment, landfill and recycling, totally treat solid waste near to zero  

amount. 

 

4.8.4 Energy resource used 

Landfill consume total energy of   274 MJLVH per 1 ton LPB waste landfill 

while recycling consume energy  312 MJLVH ton LPB waste. Landfill consumes less 

energy than recycling  because waste were baled before transport to  landfill dumping 

site and  high loading capacity 1,000 ton per day which save the consumption of fuel 

oil in transportation process and electrical consumption in each process which shown 

in Table 4-13 ,figure 4-10 and 4-14. 

Indirect energy consumption from transportation which is include in system 

boundary for both of treatment options is one of energy loss in landfill and recycling 

operation. Environmental impacts from two waste treatment options, recycling and 

landfill are same direction of all environment impact. Landfill generated 

environmental impact, greenhouse and human toxicity more than recycling and both of 

treatment totally treat solid waste near to zero amounts but in term of energy resource 

use the recycling as green board have more impact. In case of energy consumption in 

whole process of landfill per ton LPB waste will be has more benefit if landfill 

implement the recovery energy system from methane gas captured and electricity 

generated, but in the study the methane capture cannot implement. For recycling as 

green board should be increase machine capacity and production rate per hour to 

reduce energy use. 
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CHAPTER  V 

DISCUSSION  
 

 

  Environmental impacts parameter concerned for landfill are greenhouse gas, 

energy resources, human toxicity, and  solid waste were express in unit as kg GWP, 

mg, MJ LHV and kg waste respectively.   

 Total amount of impact from landfill are 577 kg GWP/ton LPB waste, 274 MJ 

LHV/ton LPB waste, 7.03 mg/ton LPB waste and 0.0021 kg waste/ton LPB waste for 

greenhouse gas, Energy resources, Human toxicity and Solid waste respectively. 

 

5.1 Environmental impact generated by landfill 

 Landfill generated greenhouse gas 577 kg GWP/ton LPB waste divided by 

type of energy used. Carbon dioxide is a representative of greenhouse gas shown in 

two difference graph in figure 4-13, carbon dioxide generated by electricity is 335.71 

kg GWP/ton LPB waste and generated by fossil fuel 182.88 kg GWP/ton LPB waste. 

From these values, the environmental impact from electricity used in process operation 

is a major impact and the fuel use in transportation or mechanical operation is a minor 

impact of landfill treatment option. Consider the energy resources use in landfill 

treatment option, the consumption of energy also separate in to two type of energy 

sources; electricity and fossil fuel. The energy use stated as MJ LHV/ton LPB waste, 

there are 274  MJ LHV consumed by electricity in operation process and 27.62 MJ 

LHV consumed by transportation and mechanical use in some process such as daily 

operation of machine or truck of dumping and covering process at landfill dumping 

area. 

 Human toxicity from landfill compounds of two substances which are affected 

to human health cause from liquidpaperboard waste. There are nitrogen dioxide 7.03 

mg/ton LPB waste and sulfur dioxide 2.14 mg/ton LPB waste. Remaining substance is 

0.65 mg/ton LPB waste.  Nitrogen dioxide is a major human impact of process and 
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production of liquidpaperboard waste to be landfill and minor human impact caused 

by sulfur oxide and slightly impact caused by other substances remaining. 

 Landfill totally treated the waste of liquidpaperboard carton, the remaining 

solid waste is very low amount near to zero. Because of all waste packages were bale 

in one ton before transport to landfill dumping site that worked with high efficiency 

operation. 

  

5.2 Environmental impact generated by recycling as green board 

Recycling environmental impact, the environmental impacts parameter 

concerned for recycling as green board, greenhouse is 535 kg GWP/ton LPB waste 

compare to landfill is 577 kg GWP/ton LPB waste, energy resources is 312 MJ 

LHV/ton LPB waste while landfill generated 274 MJ LHV/ton LPB waste, Human 

toxicity is 6.76 mg/ton LPB waste while landfill generated 7.03 mg/ton LPB waste and 

the last impact categories; solid waste both treatment options generated only 0.0021 kg 

waste/ton LPB waste. 

Recycling generated greenhouse gas 535 kg GWP/ton LPB waste divided by 

type of energy used. Carbon dioxide is also a representative of greenhouse gas shown 

in two difference graph in figure 4-9, carbon dioxide generated by electricity is 349.65 

kg GWP/ton LPB waste and generated by fossil fuel 47.68 kg GWP/ton LPB waste. 

From these values, the environmental impact from electricity used in process operation 

is a major impact and the fuel use in transportation or mechanical operation is a minor 

impact of recycling treatment option. Consider the energy resources use in recyclingl 

treatment option, the consumption of energy also separate in to two type of energy 

sources; electricity and fossil fuel. The energy use stated as MJ LHV/ton LPB waste 

and shown in figure 4-10, there are 246  MJ LHV consumed by electricity in operation 

process and 49.77 MJ LHV consumed by transportation and mechanical use in 

production process; shredding and forming, hot and cold press; which are consume 

large energy and loss some energy from heat loss. 

 Human toxicity from recycling compounds of two substances which are 

affected to human health cause from liquidpaperboard waste. There are nitrogen 

dioxide 2.58 mg/ton LPB waste and sulfur dioxide 2-51 mg/ton LPB waste. Nitrogen 

dioxide is a major human impact of process and production of liquidpaperboard waste 



Fac. of Grad Studies.  Mahidol Univ.            M.Sc.(Envi. Planning for Community and Rural Dev.) / 83

to be recycling as green board and minor human impact caused by sulfur oxide and 

slightly impact caused by other substances remaining. 

  

 Landfill totally treated the waste of liquidpaperboard carton, the remaining 

solid waste is very low amount near to zero. Because of all waste packages were bale 

in one ton before transport to landfill dumping site that worked with high efficiency 

operation. 

 

 The result indicated that mostly of environmental impact from landfill higher 

than LPB recycling because of the  study consider only for recycling as green board 

not include re-pulping process which is one of technology available in Thailand. 

Together with the cleaning process at household was not considered in this study. So 

this result cannot be a representative of all type recycling for liquidpaperboard carton 

waste such as  re-pulping, energy recovery from incineration.   The result from this 

study can refer to Green Board (chipboard) production only. 

 Environmental impacts from two waste treatment options, recycling and 

landfill are same direction of all environment impact but this study was not included 

the cleaning process before collecting to factory and was not included the land use 

change cause from landfill  . Landfill generated environmental impact, greenhouse and 

human toxicity more than recycling and both of treatment totally treat solid waste near 

to zero amounts but in term of energy resource use the recycling as green board have 

more impact. In case of energy consumption in whole process of landfill per ton LPB 

waste will be has more benefit if landfill implement the recovery energy system from 

methane gas captured and electricity generated, but in the study the methane capture 

cannot implement. For recycling as green board should be increase machine capacity 

and production rate per hour to reduce energy use. 

To find out better result in term of environmental impact from 

liquidpaperboard treatment comparison, should select vary options not just only 

landfill to compare to recycling as green board because landfill is not advantage option 

for liquid paper board treatment. To have better result from comparison would be 

select the advantage treatment options such as re-pulping, incineration with energy 

recovery to compare with recycling as greenboard. 
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LPB waste disposed from household was increasingly each year, although the 

beverage packaged was produce from high quality material to protect food and drink 

but the reprocess of this LPB waste is not much promoted.     

         Due to a laminated property cause difficult reprocess and low value in term of 

economic, at present wastes had left in the MSW waste stream and mostly was transfer 

to landfill. This study the LPB was modeled compare between landfill and recycling. 

The result of the study indicated that all aspect of environmental impact and their 

amount has same direction but greenboard production has larger amount of energy 

resources use than landfill.   

 Although both of  liquidpaperoard treatment options; landfill and recycling; 

generated environmental impact not much differ amount but liquidpaperboard 

recycling should be promoted to practice in whole country not limited in Bangkok 

only. The disadvantage point of recycling as green board stated above was energy 

consumption, the solution should be implemented will be the operation in  the factory 

to use low energy and produce more product per ton waste input per hour and reduce 

the excess energy or fuel or heavy oil input. Considering the cooperation from 

household, they should be concerned to the liquidpaperboard waste collection and 

support the municipality to separate the valuable waste to collect in mass amount. 
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CHAPTER  VI 

CONCLUSION AND RECOMMENDATION  
  

 Environmental impacts from two waste treatment options, recycling and 

landfill are same direction of all environment impact. Landfill generated 

environmental impact, greenhouse and human toxicity more than recycling and both of 

treatment totally treat solid waste near to zero amounts but in term of energy resource 

use the recycling as green board have more impact.  

 

6.1 Conclusion 

Environmental impact comparing two waste treatment options, landfill anf 

recycling as green board can be explained that landfill generated greenhouse gas 577 

kg GWP/ton LPB waste while recycling generated 535 kg GWP/ton LPB waste.  

From the result shown that recycling created environmental impact, 

greenhouse gas, lower than landfill. Although, an amount of greenhouse gas is not 

much differ calculated per ton but this impact may affect in longer period such as 20 

or 100. Recycling has low greenhouse gas because the finished goods as green board 

is not continue decompose which is different from the LPB waste in landfill dumping 

site that continue generate emission.  

For Human toxicity, was calculated as mg per mg/ton LPB waste, the result of 

landfill is 7.03 mg/ton LPB waste and recycling 6.76 mg/ton LPB waste. Landfill has 

more affect to human health more than recycling as green board. The result of solid 

waste, both of treatment, landfill and recycling, totally treat solid waste near to zero 

amounts.  

Energy resources use, landfill consume total energy of   274 MJLVH per 1 ton 

LPB waste landfill while recycling consume energy  312 MJLVH ton LPB waste. 

Landfill consumes less energy than recycling  because waste were baled before 

transport to  landfill dumping site and  high loading capacity 1,000 ton per day which 
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save the consumption of fuel oil in transportation process and electrical consumption 

in each process. 

 

In case of energy consumption in whole process of landfill per ton LPB waste 

will be has more benefit if landfill implement the recovery energy system from 

methane gas captured and electricity generated, but in the study the methane capture 

cannot implement. For recycling as green board should be increase machine capacity 

and production rate per hour to reduce energy use. 

 

6.2  Recommendation for Applying Results of this Research 

 Policy maker, educational institute, or other individual interested may be  

benefit from the result of this study as follow; 

1. The information regarding the environmental impact categories; greenhouse 

gas, human toxicity, energy resources and solid waste were analyzed follow the  Life 

Cycle Assessment method and SimaPro. 

2. The information regarding the environmental impact of each treatment 

options; landfill and recycling; were evaluated by Life Cycle Assessment method. 

3. The results regarding the environmental impact comparing between landfill 

and recycling of liquidpaperboard carton waste in Bangkapi district, Bangkok, 

Thailand. 

 

Though this study had achieved its objectives, there are still recommendations 

for further studies for the benefit of other agencies and the study in this field. These 

recommendations are provided below. 

 

6.3 Recommendation for Future Research  
 

1. Further study regarding the treatment options to be study, should select 

liquid paperboard treatment options that give positive result to compare each other. 

For the example recycling as green board compare to re-pulping or incineration with 

energy recovery. 
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2. Further study regarding the environmental impact categories, should be 

select land use change cause from landfill dumping site and for the recycling process 

as green board products should consider the cleaning process before collect to the 

factory. 

3. Further study regarding the calculated method, CML 1992 in SimaPro 

software mostly the database collected in Europe, should be selected the most 

appropriate one available . 
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APPENDIX  A 

 

Electricity and fuel consumption of treatment options; recycling and 

landfill 
1.  Electricity and fuel consumption of Green board manufacturing, Samut 

Sakhon Province 

 

No. Type of Energy Total Unit 

1 Shredding and forming machine 16.776 kWh/ ton LPB waste 

2 Hot press machine 25.164 kWh/ ton LPB waste 

3 Cold press machine 25.164 kWh/ ton LPB waste 

4 Fuel Oil used in whole process 1.875 

Ton fuel/ton LPB 

waste 

Note: Figure base on duration of operation in 2005   

 

2. Calculation of electricity consumption of machine 

2.1 Raw material input; LPB waste input 160 ton/month  

 

2.2 Daily operation 12 hours, 30 days 

 

2.3 One production line with 3 main machines; Shredding and forming 

machine (10 hp), Hot press machine (15 hp) and Cold press machine (15 hp) 

Fuel consumption for whole process is 1.875 ton fuel 

 

2.3.1 Shredding and forming machine (10 hp) 

= (10 hp x 0.7456 kWh) x 12 hr. x 30 d. 

= 2,684.16 kWh /160 ton LPB waste 

= 16.776 kWh 
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2.3.2 Hot press machine (15 hp) 

= (15 hp x 0.7456 kWh) x 12 hr. x 30 d. 

= 4,026.24 kWh /160 ton LPB waste 

= 25.164 kWh 

 

2.3.3 Cold press machine (15 hp) 

= (15 hp x 0.7456 kWh) x 12 hr. x 30 d. 

= 4,026.24 kWh /160 ton LPB waste 

= 25.164 kWh 

 

2.3.4 Fuel oil consumption 

Total consumption = 300 ton fuel 

Total LPB waste input = 160 ton LPB 

LPB waste input 160 tons, use fuel oil = 300 ton 

 

LPB waste input 160 tons, use fuel oil  

 

There for, 

= (1 x 300)/160 ton 

= 1.875 ton fuel/ ton LPB waste 

 

3. Green board production per one ton waste 

Total LPB waste input 160 ton LPB 

Produced green board equal to 4,000 pieces 

 

There for; 

1ton of LPB waste 

 = (4,000 pcs. x 1)/160 ton LPB waste 

 = 25 pcs./ton 

1ton of LPB waste was produced greenboard 25 pieces 

1 piece of Green board = 2.91 kg 

1 pc of green board = 0.072 tons LPB waste 
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3.1  A parameterized of Green board to be modeled in SimaPro 

 

Dimension Value Unit 

Width (W) 1.20 meter 

Length (L) 2.40 meter 

Height (H) 0.001 meter 

Specific mass of greenboard  

(sp_mass) 

1012 kg/m3 

Note : Standard size of Green board, 1.20 m x 2.40 m x 10 mm 

 

3.2  The calculation of mass and volume of LPB to be modeled in SimaPro 

 

 Result formula Unit 

Green board volume Width x length x Height = 0.00288 m3 

Green board mass Volume x sp_mass = 2.91 kg 

 

 3.3  Amount of LPB waste use per one ton Green board product 

 1 piece of Green board = 2.91 kg 

 Total production  = 4,000 pcs./ 160 tons LPB waste 

There for, 

 1 pc. of green board  = (2.91 kg x 4,000 pcs.) / 160 tons LPB waste 

    = 72.75 kg LPB waste 

    = 0.072 tons LPB waste 

  

4. The distant from waste collecting and transferring (On-nuch) to Green board 

factory Tambon Thasai, Samutsakhon province 

 

No. Transportation Total Unit 

1 Truck load 21 ton 

2 

Distant from BKK (On-nuch) to Samut 

Sakhon 38 km 
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5. Data record of Phanomsarakham sanitary landfill site 

ตารางบันทึกการใชพลังงานจากระบบการกําจัดมูลฝอยแบบฝงกลบอยางถูกหลักสุขาภิบาล 

ลําดับ
ท่ี รายการ 

จํานวน
รวม หนวย 

1 ปริมาณไฟฟารวมจากการไฟฟา (แสงสวาง, แอร, เครื่องจักร) 760 KWh 

2 ไฟฟาจากระบบรวบรวมและคัดแยก 5,280 KWh 

  2.1 Magnetic Separator 144 KWh 

  2.2 ชุด Air Treatment 1,280 KWh 

3 ปริมาณไฟฟาจาก Baler Machine (เครื่องบดอัดมูลฝอย) 6,400 KWh 

4 ปริมาณไฟฟาจาก "Wrapping Machine (เครื่องหอมูลฝอยแนวตั้ง+แนวดิ่ง) 1,680 KWh 

5 ระบบลําเลียงและการจัดเรียงกอนมูลฝอย   - 

  5.1 ระบุประเภทรถโฟรคลิฟท  (    )ไฟฟา (    )น้ํามัน (    ) แกส   - 

  5.2 ไฟฟาที่ใชโดยรถยกโฟรคลิฟตตอคัน - KWh 

  5.3 น้ํามันที่ใชโดยรถยกโฟรคลิฟตตอคัน - ลิตร 

  5.4 แกสที่ใชโดยรถยกโฟรคลิฟตตอคัน - ลิตร 

  5.5 จํานวนรถยกไฟฟาที่ใชในการลําเลียงทั้งหมด.........(โปรดระบุ) - คัน 

  5.6 จํานวนรถยกแบบใชน้ํามันที่ใชทั้งหมด 10 คัน 

6 ระบบขนสงกอนมูลฝอยไปยังบอฝงกลบ - คัน 

  6.1 จํานวนรถบรรทุกที่ใชทั้งหมดตอวัน 50 คัน 

  6.2 ประเภทรถบรรทุก เชน 6 ลอ ,10 ลอ........…10 ลอลากพวง...   - 

  6.3 ขนาดรถบรรทุก ....นน. บรรทุก+นน.รถ <= 26 ตัน 

  6.4 น้ํามันที่ใชตอคัน 8 ลิตร 

7 การปดวัสดุกลบทับรายวัน   - 

  7.1 ประเภทรถที่ใช …Back Hoe, Tractor,รถเกรด,รถบด,สิบลอดั๊ม   - 

  7.2  จํานวนรถที่ใชทั้งหมด 26 คัน 

  7.3 ขนจํานวนกี่เที่ยวตอวัน.......…~680 cum 40 เที่ยว 

  7.4 ปริมาณน้ํามันที่ใชตอรถหนึ่งคัน….รถสิบลอ..~90 ลิตร/วัน  90 ลิตร 

8 ระบบรวบรวมน้ําชะมูลฝอยและบําบัดน้ําเสีย Leachate/WWTP   - 

  9.1 ไฟฟาสําหรับระบบบําบัดน้ําเสียโดยรวม 2,160 KWh 

  9.2 ไฟฟาสําหรับ Pump น้ําเสียสูระบบบําบัด (720) KWh 

  9.3 ไฟฟาสําหรับอุปกรณในระบบบําบัดน้ําเสีย  Aerator (4 Set*15 Kw) (1,440) KWh 

  9.4 ไฟฟาที่ไดกลับมาจาก Gas collecting System - KWh 
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6. The distant from waste collecting and transferring (On-nuch) to landfill 

dumping site in Tambon Phanomsarakham, Chacherngsao province 

No. Transportation Total Unit 

1 Truck load 26 ton 

2 Distants BKK (On-nuch) to Chacherngsao 82 km 

 

5. Sumary of electricity and oil fuel used by landfill to be model in SimaPro 

         

 

Energy Type 

 

Machine/Process 

/Area 

 

Total Amt. 

 

Unit 

Electricity Collecting and Sorting 5.280 KWh/ton LPB waste 

Electricity Magnetic Separator 0.144 KWh/ ton LPB waste 

Electricity Air Treatment 1.280 KWh/ ton LPB waste 

Electricity Baling 6.400 KWh/ ton LPB waste 

Electricity Wrapping 1.680 KWh/ ton LPB waste 

Electricity WWTP 2.160 KWh/ ton LPB waste 

 - WWTP (Pump) (0.720) KWh/ ton LPB waste 

 - WWTP (Aerator) (1.440) KWh/ ton LPB waste 
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APPENDIX  B 

 
Equivalency factor for the Global warming of time scales of 20, 100 and 500 years 

 

Substance 

 

Formula 

GWP 

(g CO2/g substance) 

  20 years 100 years 500 years 

Carbon 

dioxide 

CO2 1 1 1 

Methane CH4 62 24.5 8 

 

Source: Wenzel,1997 
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APPENDIX  C 
 

Completed Inventory for 1 ton LPB recycling as green board 

No Substance 
Compart- 

ment Unit Total 
Green 
board 

Waste  
Scenario  
for LPB 

1 Biomass Raw kg 16 16 -5.72E-16 

2 Carbon dioxide, in air Raw g 188 39.4 149 

3 
Energy, gross calorific 
value, in biomass Raw MJ 2.18 0.449 1.73 

4 Energy, unspecified Raw MJ 16 12.4 3.59 

5 

Gas, mine, off-gas, 
process, coal 
mining/m3 Raw l 25.7 3.44 22.2 

6 
Gas, natural, 30.3 MJ 
per kg, in ground Raw kg 1.09 0.846 0.244 

7 
Gas, natural, 36.6 MJ 
per m3, in ground Raw m3 9.79 9.79 -3.5E-16 

8 
Gas, natural, in 
ground Raw m3 7.77 1.12 6.65 

9 
Occupation, 
construction site Raw cm2a 153 13.4 140 

10 Occupation, dump site Raw cm2a 318 72.8 245 

11 
Oil, crude, 41 MJ per 
kg, in ground Raw kg 1.21 0.942 0.272 

12 
Oil, crude, 42.6 MJ 
per kg, in ground Raw kg 83.6 83.6 -2.99E-15 

13 

Oil, crude, feedstock, 
41 MJ per kg, in 
ground Raw kg 6 6 -2.15E-16 

14 Oil, crude, in ground Raw kg 139 14.3 125 
15 Carbon dioxide Air kg 355 350 5.38 

16 
Carbon dioxide, 
biogenic Air g 242 36.7 205 

17 Carbon dioxide, fossil Air kg 172 47.7 124 

18 Carbon disulfide Air mg 151 56.4 94.9 
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Completed Inventory for 1 ton LPB recycling as green board (continued)  
 

19 Carbon monoxide Air g 384 383 0.864 

20 
Carbon monoxide, 
biogenic Air mg 983 386 597 

21 Carbon monoxide, fossil Air g 513 127 386 
22 Methane Air g 444 444 -1.59E-14 
23 Methane, biogenic Air mg 129 17.7 111 

24 

Methane, 
bromochlorodifluoro-, 
Halon 1211 Air mg 70.5 8.9 61.6 

25 
Methane, bromotrifluoro-
, Halon 1301 Air mg 24 19.6 4.41 

26 
Methane, chlorodifluoro-
, HCFC-22 Air mg 336 43.2 293 

27 
Methane, dichloro-, 
HCC-30 Air mg 143 28.3 115 

28 

Methane, 
dichlorodifluoro-, CFC-
12 Air mg 687 65.8 621 

29 
Methane, dichlorofluoro-
, HCFC-21 Air pg 8.58 1.58 7 

30 Methane, fossil Air g 289 51.9 237 

31 
Methane, monochloro-, 
R-40 Air pg 293 63 230 

32 
Methane, tetrachloro-, 
CFC-10 Air mg 71.7 8.89 62.8 

33 
Methane, tetrafluoro-, 
FC-14 Air mg 2.59 1.04 1.56 

34 
Methane, trichlorofluoro-
, CFC-11 Air pg 13.9 2.56 11.4 

35 Nitrogen dioxide Air g 45.1 35 10.1 
36 Nitrogen oxides Air kg 4.11 3.31 0.8 
37 Sulfur dioxide Air g 521 50.4 471 
38 Sulfur hexafluoride Air mg 1.89 0.253 1.64 
39 Sulfur oxides Air kg 1.86 1.84 0.0228 
40 Heat, waste Soil MJ 1.17 0.195 0.975 
41 Oils, biogenic Soil mg 8.47 1.98 6.49 
42 Oils, unspecified Soil g 593 42.3 551 
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Completed Inventory for 1 ton LPB landfill  

1 Biomass Raw kg 16 16 1.88E-15 
2 Carbon dioxide, in air Raw g 234 85 149 

3 
Energy, gross calorific 
value, in biomass Raw MJ 2.7 0.968 1.73 

4 Energy, solar Raw kJ 52.4 16.6 35.8 
5 Energy, unspecified Raw MJ 6.73 3.14 3.59 

6 
Gas, natural, 30.3 MJ 
per kg, in ground Raw g 457 213 244 

7 
Gas, natural, 36.6 MJ 
per m3, in ground Raw m3 9.79 9.79 1.15E-15 

8 Gas, natural, in ground Raw m3 9.06 2.41 6.65 

9 
Occupation, 
construction site Raw cm2a 169 28.9 140 

10 Occupation, dump site Raw cm2a 402 157 245 

11 
Oil, crude, 41 MJ per 
kg, in ground Raw g 510 238 272 

12 
Oil, crude, 42.6 MJ per 
kg, in ground Raw kg 83.6 83.6 9.81E-15 

13 
Oil, crude, feedstock, 41 
MJ per kg, in ground Raw kg 6 6 7.04E-16 

14 Oil, crude, in ground Raw kg 156 31 125 
15 Carbon dioxide Air kg 341 336 5.38 

16 
Carbon dioxide, 
biogenic Air g 284 79.3 205 

17 Carbon dioxide, fossil Air kg 227 103 124 
18 Methane Air g 444 444 5.21E-14 
19 Methane, biogenic Air mg 150 38.1 111 

20 

Methane, 
bromochlorodifluoro-, 
Halon 1211 Air mg 80.8 19.2 61.6 

21 

Methane, 
bromotrifluoro-, Halon 
1301 Air mg 24.7 20.3 4.41 

22 
Methane, dichloro-, 
HCC-30 Air ng 176 61.1 115 

23 

Methane, 
dichlorodifluoro-, CFC-
12 Air ng 763 142 621 

24 

Methane, 
dichlorofluoro-, HCFC-
21 Air pg 10.4 3.41 7 

25 Methane, fossil Air g 349 112 237 

26 
Methane, monochloro-, 
R-40 Air pg 366 136 230 

27 
Methane, tetrachloro-, 
CFC-10 Air mg 82 19.2 62.8 
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Completed Inventory for 1 ton LPB landfill Completed Inventory for 1 ton LPB 

landfill (continued) 

28 
Methane, tetrafluoro-, 
FC-14 Air mg 3.79 2.24 1.56 

29 
Methane, 
trichlorofluoro-, CFC-11 Air pg 16.9 5.53 11.4 

30 
Methane, trifluoro-, 
HFC-23 Air ng 3.31 1.08 2.23 

31 Nitrogen dioxide Air g 18.9 8.84 10.1 
32 Nitrogen oxides Air kg 4.48 3.68 0.8 
33 Sulfur dioxide Air g 579 109 471 
34 Sulfur hexafluoride Air mg 2.18 0.546 1.64 
35 Sulfur oxides Air kg 1.8 1.78 0.0228 
36 Carbon Soil g 12.9 2.11 10.8 
37 Heat, waste Soil MJ 1.4 0.421 0.975 
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APPENDIX  D 

 
Additional part of data collection  

Liquidpaperboard waste was collected in Bangkapi district to examine the 

amount of waste per week  and to find out people acceptation and participation to 

promoted recycling program of liquid paperboard or beverage carton waste in the 

future. Procedure of primary data collecting is to be determined a target group of 

population in Bangkok. To find the amount of population and random sampling. 

There are 4 steps  

1) Create questionnaire,  

2) Questionnaire testing,  

3) Data collecting and  

4) Data analysis. 

Method to collect primary data and information of liquidpaperboard cartons 

waste in Bangkapi district, Bangkok. The procedure was to choose a target group of 

sample by household and give an interview.  

In 2001, Bangkok is divided into 50 districts and 3 groups by area 

(Environment department, Bangkok Metropolitan Administration) 

         The details are shown below; 

                 1) Inner Zone which divide into 21 district  Office Pranakhon, 

Pomprabsattrupai,  Sampantawong, Pathumwan, Bangrak, Yannawa, Sathon, 

Bangkolaem, Dusit, Bangsue, Phayathai, Rachtevi, Hueykhawang, Klongtoey, 

Chatujak, Thonburi, Klongsan, Bangkoknoi, Bangkokyai,   Dindand, and Wattana.  

                 2) Middle Zone which divide into 18 district Office are Prakhanong, 

Praves, Bangkhen, Bangkapi, Ladproaw, Buengkhum, Bangplad, Pasicharoen, 

Chomthong, Ratchburana,  Seunluang, Bangna, Tungkhru,  Bangkae, 

Wangthonglang,  Kannayao,  Sapansung, and Saimai. 

                 3) Outer Zone which divides into 11 districts Office is Minburi, 

Donmuang, Nongjok, Latkrabang, Talingchan, Nongkham, Bangkhuntein, Laksi, 

Klongsamwa, Bangbon, and Taweewattana. 
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         For this research to choose the middle zone is a representative because of 

mostly are residential area and cover around 30 % of Bangkok   population. The 

quantity is 1,4400,000 man with  household unit. 

Sample size and sampling method. 

                         

(1) Sample size was shown below; 

N = Sample size  

Pu = Preferable behavior of population 

Qu = Not-Preferable behavior of population 

Z = Standard Deviation of normal curve 

T = Tolerance 

         For estimation about population behavior conclude that Pu  and  Qu are equal. 

The value is 50 and determine the tolerance to 7 and Z is standard deviation at 0.05 

which has value is 1.96 Hence 

   

 

         The representative of this is 200 households 

 

 

                (2) Sampling Method 

N =  (Pu  Qu)Z2 
             T 2 
 

N =  (50)(50)(1.96)2 
             72 
 
    =   196 
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                Administration zone of Bangkok has 18 districts which has three types of 

residential style. Firstly is single home, second is townhouse/commercial townhouse 

and condominium/apartment/flat. Wholly has similar waste and management; 

composting, recycling; the sampling method which is for sampling study area will use 

Two stage Sampling. 

                Stage 1 District sampling  

                To choose 1 district to find the study area by Sample Random Sampling 

and to draw lots. The result is Bangkapi area as the map shows below.  

                Stage 2 Household sampling to separate as sub-district and household ratio 

of Bangkapi district. Total number of residential is 74,120 household bases on data in 

2005. The sub-district is divided into two area; Huamark and Klongchan. 

Number of target household and sample separate by sub-district. 

Sub-district. Target household Sample 

Huamark 5,000 122 

Klongchan. 29,120 78 

Total 74,120 200 

Source: Bangkok Metropolitan Administration, 2000. 

 

                      (3) Research tool is questionnaire form which is used to record data in 

fieldwork. The aim is to collect set of standardized information in the uniform way. 

        As indicated in figure 4-1, LPB wastes were disposed increasingly each year, 

Referring to the statistic from Pollution Control Department and Thai Beverage Carton 

Group; found that LPB disposal has increased in every year. In year 2003, an amount 

of LPB waste was 2,000 million boxes  with the  continuously increase ratio to 3,500  

and 5,000 million boxes in year 2005  and year 2006 respectively as a graph shown 

below; 

The average mass of LPB presented at kerbside for disposal in Bangkapi 

district is 0.20 kg./household/week. Data was collected by interview 200 samples as 

shown in table below; 
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The amount of LPB disposal per household per week in Bangkapi District 

 

Sub-

District 

Sampling size Amt. LPB waste/week Kg./week/household 

Klongchan 78 18 0.18 

 

Huamark 122 23 0.23 

 

Average of mass LPB waste (Kg./week/household) 0.20 

 

 

Then figure below shown the amount of LPB waste disposal per week in Bangkapi 

district 
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แบบสอบถามที่สรางขึ้นเพื่อวิจัย 

คําตอบที่ตองการ 

1.  ขอมูลทั่วไปเกี่ยวกับสถานภาพของผูตอบแบบสอบถาม 

2.  ปริมาณขยะบรรจุภัณฑประเภทลามิเนต เชน กลองนม น้ําผลไม ที่เกิดขึ้นจากผูพักอาศัยในเขตกรุงเทพมหานคร

ช้ันกลาง 

3.  ความรูเรื่องการกําจัดขยะบรรจุภัณฑประเภทลามิเนต เชน กลองนม น้ําผลไม 

4. การรับรูขาวสารเรื่องคุณลักษณะของขยะบรรจุภัณฑประเภทลามิเนต เชน กลองนม น้ําผลไม 

เพื่อนํามาแปรรูปใหม 

5.  ความรูเรื่องการใชหลักการประเมินวงจรผลติภัณฑ (LCA) มาประเมินผลกระทบวิธีการกําจัดขยะบรรจุ

ภัณฑประเภทลามิเนต เชน กลองนม น้ําผลไม เปรียบเทียบระหวางการฝงกลบแบบถูกหลักสุขาภิบาลและการรี

ไซเคิล 

6. ความคิดเห็นและความรวมมือในการแยกขยะกอนทิ้งของขยะบรรจุภัณฑประเภทลามิเนต เชน กลองนม น้ํา

ผลไม 
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ชุดท่ี......... 

 

แบบสอบถามเพื่อการวิจัย 

เร่ือง 

การศึกษาเปรียบเทียบผลกระทบสิ่งแวดลอมของวิธีการกําจัดขยะแบบรีไซเคิลและวิธีการฝงกลบอยางถูกหลัก

สุขาภิบาลสําหรับบรรจุภัณฑประเภทลามิเนตโดยใชวิธีการประเมินวงจรชีวิตผลิตภัณฑและกระบวนการ สํา

หรัประชาชนทั่วไป 

 

โดย 

ปาริชาติ  ทวยมาตย 

นักศึกษาปริญญาโท สาขาการจัดการสิ่งแวดลอม 

คณะสิ่งแวดลอมและทรัพยากรศาสตร มหาวิทยาลัยมหิดล 

 

 

คําชี้แจง 

 1.  แบบสอบถามนี้เปนสวนหนึ่งของการทําวิทยานิพนธของนางสาวปาริชาติ  ทวยมาตย นักศึกษาสาขา

การจัดการสิ่งแวดลอม คณะสิ่งแวดลอมและทรัพยากรศาสตร มหาวิทยาลัยมหิดล 

 2.  แบบสอบถามนี้ใชสัมภาษณประชาชนทั่วไปที่อาศัยอยูในพื้นที่กรุงเทพมหานครชั้นกลาง 

 3. ใชแบบสอบถามนี้ 1 ชุดตอ 1 ครัวเรือน (ครัวเรือนหมายถึงครอบครัวที่อยูในบานเดียวกัน ครัวเรือน

หนึ่งๆ อาจมีหลายครอบครัวก็ได) 

 4. แบบสอบถามนี้ใชสอบถามหัวหนาครัวเรือน หรือผูมีบทบาทและมีรายไดมากที่สุดในครัวเรือน 

 5. แบบสอบถามชุดนี้แบงเปน 6 สวน 

  5.1 สวนที่ 1  ขอมูลทั่วไปเกี่ยวกับสถานภาพของผูตอบแบบสอบถาม 
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  5.2 สวนที่ 2   ปริมาณขยะบรรจุภัณฑที่เกิดขึ้นจากผูพักอาศัยในเขตกรุงเทพมหานครชั้นกลาง 

  5.3 สวนที่ 3 ความรูเกี่ยวกับการกําจัดขยะบรรจุภัณฑของประชาชนที่ปฏิบัติอยูในปจจุบัน 

  5.4 สวนที่ 4 การรับรูขาวสารเรื่องคุณลักษณะของขยะบรรจุภัณฑเพื่อนํามาแปรรูปใหม 

  5.5 สวนที่ 5 ความรูเรื่องการใชหลักการ LCA มาประเมินผลกระทบสิ่งแวดลอมที่เกิดจาก

วิธีการกําจัดขยะแตละแบบ 

  5.6 สวนที่ 6 ทัศนคติของประชาชนเรื่องการแยกขยะขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง 

  

สวนที่ 1 ขอมูลท่ัวไปเก่ียวกับสถานภาพของผูตอบแบบสอบถาม 

1. ช่ือ....................................................................นามสกุล............................................................ 

บานเลขที่................................ซอย...............................ถนน.............................................................. 

2. เพศ        (       )    ชาย             (       )    หญิง 

3. อายุ...........................ป 

4. สถานภาพสมรส 

 (       )  โสด 

 (       )  สมรส 

 (       )  หยา,หมาย 

 (       )  อื่นๆ (ระบุ.........................) 

5. รายไดของครัวเรีอนประมาณ.............................บาท/เดือน  หรือ.............................บาท/ป 

6. ระดับการศึกษาของผูใหสัมภาษณ 

 (       )  ไมไดรับการศึกษา 

 (       )  ประถมศึกษา 

 (       )  มัธยมศึกษา 

 (       )  อาชีวศึกษา หรือเทียบเทา 

 (       )  อนุปริญญา หรือ ปวส. 
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 (       )  ปริญญาตรี 

 (       )  อื่นๆ (ระบุ.........................) 

7. จํานวนสมาชิกในครัวเรือน......................คน 

8. ลักษณะของที่พักอาศัย 

 (       )  บานเดี่ยว 

 (       )  คอนโดมิเนียม/แฟลต/อพารตเมนต 

 (       )  ทาวเฮาส/อาคารพาณิชย 

 (       )  อื่นๆ (ระบุ.........................) 

 

สวนที่ 2 ปริมาณขยะบรรจุภัณฑเคร่ืองดื่มบรรจุกลอง 

9. ปริมาณขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองตอวัน............................กลอง (................กก /วันและ

........................กก./สัปดาห) 

 

สวนที่ 3. ความรูเก่ียวกับการกําจัดขยะบรรจุภัณฑของประชาชนที่ปฏิบัติอยูในปจจุบัน 

10. วิธีการจัดการขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองที่ทานปฏิบัติเปนสวนใหญ  

(       )  ทิ้งรวมไปกับขยะอื่น 

(       )  นํากลับมาแปรรูปแยกไวเพื่อขายใหผูรับซื้อของเกา 

(       )  เผาทิ้ง 

(       )  ขุดหลุมฝง 

(       )  กองไวขางบาน 

11.  วิธีการจัดการขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองในปจจุบันใชวิธีการฝงกลบใชหรือไม 

(       )  ใช    (       )  ไมใช 

12. วิธีการจัดการขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองในปจจุบันใชวิธีการเผาใชหรือไม 

(       )  ใช    (       )  ไมใช 
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13. วิธีการจัดการขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองในปจจุบันใชวิธีการหมักทําปุยใชหรือไม 

(       )  ใช    (       )  ไมใช 

14. วิธีการจัดการขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองในปจจุบันใชวิธีการแปรรูปใหม (รีไซเคิล) ใชหรือไม 

(       )  ใช    (       )  ไมใช 

15. ทานทราบหรือไมวาวิธีกําจัดแบบใดที่เกิดผลกระทบตอสิ่งแวดลอมนอยที่สุด 

(       ) ฝงกลบอยางถูกหลักสุขาภิบาล 

(       )  นํากลับมาแปรรูป/แยกไวเพื่อขายใหผูรับซื้อของเกา 

(       )  หมักทําปุย 

(       )  เผาทิ้ง 

(       )  ขุดหลุมฝง 

(       )  กองไวขางบาน 

 

สวนที่ 4   ความรูเร่ืองคุณลักษณะ/คุณสมบัติของขยะบรรจุภัณฑ 

16.  ขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง สามารถนําไปผานกระบวนการ แปรรูปเพื่อเปนผลิตภัณฑใหมไดใช

หรือไม 

      (       )  ใช    (       )  ไมใช 

17. ขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง มีกระดาษเปนสวนประกอบใชหรือไม 

      (       )  ใช    (       )  ไมใช 

18. ขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง มีพลาสติกเปนสวนประกอบใชหรือไม 

      (       )  ใช    (       )  ไมใช 

19. ขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง มีอลูมิเนียมฟอยลเปนสวนประกอบใชหรือไม 

      (       )  ใช    (       )  ไมใช 

20.  บรรจุภัณฑเครื่องดื่มบรรจุกลอง เปนสินคานําเขาจากตางประเทศใชหรือไม 
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      (       )  ใช    (       )  ไมใช 

 

 สวนที่ 5 ความรูเร่ืองการใชหลักการประเมินวงจรชีวิตผลิตภัณฑและ/หรือกระบวนการ (LCA) มาประเมินผล

กระทบสิ่งแวดลอมท่ีเกิดจากวิธีการกําจัดขยะ 

21.  ทานทราบหรือไมวาสามารถนําหลักการประเมินวงจรชีวิตผลิตภัณฑและ/หรือกระบวนการ (LCA) มา

ประเมินผลกระทบสิ่งแวดลอมที่เกิดจากวิธีการกําจัดขยะ เชน การฝงกลบอยางถูกหลักสุขาภิบาล การเผา การหมัก

ทําปุย การรีไซเคิล เปนตน 

      (       )  ใช    (       )  ไมใช 

22.  ทานคิดวาการใชหลักการประเมินวงจรชีวิตผลิตภัณฑและ/หรือกระบวนการ (LCA) เปนประโยชนตอการ

ประเมินผลกระทบสิ่งแวดลอมหรือไม 

      (       )  ใช    (       )  ไมใช 

 

23.  ทานคิดวาสามารถนําหลักการประเมินวงจรชีวิตผลิตภัณฑและ/หรือกระบวนการ (LCA) มาใชเปรียบเทียบ

เพื่อหาวิธีการกําจัดขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองที่เหมาะสมไดหรือไม 

      (       )  ใช    (       )  ไมใช 

24.  ทานคิดวาไมจําเปนตองใชหลักการประเมินวงจรชีวิตผลิตภัณฑและ/หรือกระบวนการ (LCA) ในการเลือก

วิธีการกําจัดขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองที่ใชหรือไม  

      (       )  ใช    (       )  ไมใช 

 

สวนที่ 6 ทัศนคติของประชาชนเรื่องการแยกขยะบรรจุภัณฑเคร่ืองดื่มบรรจุกลอง 

25. ทุกคนควรมีสวนรวมในการแกไขปญหาขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง 

      (       )  ใช    (       )  ไมใช 

26. ทุกคนสามารถชวยกันแกปญหาขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง ไดโดยการชวยกันคัดแยกมูลฝอยเพื่อ

การนํากลับมาแปรรูปใชใหม 
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      (       )  ใช    (       )  ไมใช 

27. การคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพื่อการนํากลับมาแปรรูปใชใหมเปนการเสียเวลาและไมมี

ประโยชนใดๆ เลย 

      (       )  ใช    (       )  ไมใช 

28. ทานคิดวาการคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลอง เปนการมีสวนรวมในการรับผิดชอบตอสังคม 

      (       )  ใช    (       )  ไมใช 

29. ทานมีความยินดีที่จะชวยคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพื่อนํากลับมาแปรรูปใหมอยางสม่ําเสมอ 

      (       )  ใช    (       )  ไมใช 

30. ทานมีความภาคภูมิใจที่ไดชวยคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพ่ือการนํากลับมาแปรรูปใชใหม 

      (       )  ใช    (       )  ไมใช 

 

31. ทานคิดวาการชวยคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพื่อการนํากลับมาแปรรูปใชใหมเปนการลด

ปริมาณขยะที่เกิดขึ้น 

      (       )  ใช    (       )  ไมใช 

32. ทานคิดวาการชวยคัดแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพื่อการนํากลับมาแปรรูปใชใหมเปนการลดชวย

ลดพื้นที่ในการฝงกลบขยะที่เกิดขึ้น 

      (       )  ใช    (       )  ไมใช 

33. ทานคิดวาการนําขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองไปฝงกลบอยางถูกหลักสุขาภิบาลเปนวิธีที่ดีเพียงพอแลว 

      (       )  ใช    (       )  ไมใช 

34. ทานคิดวาการนําขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองไปฝงกลบอยางถูกหลักสุขาภิบาลเปนวิธีที่เกิดผลกระทบ

ตอสิ่งแวดลอมนอยที่สุด 

      (       )  ใช    (       )  ไมใช 

35. ทานพอใจในการกําจัดขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองของกรุงเทพมหานครในปจจุบันนี้  

      (       )  ใช    (       )  ไมใช 
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36. ทานคิดวา ถาใหมีการแยกขยะบรรจุภัณฑเครื่องดื่มบรรจุกลองเพื่อนําไปแปรรูป โดยมีถังรองรับตางหาก ทาน

คิดวาจะทําหรือไม 

 (       )  ทํา     

(       )  ไมทํา เพราะ 

 (       )  ยุงยาก ไมสะดวก 

 (       )  ไมมีเวลาแยก 

 (       )  เมื่อแยกแลว เวลาทิ้งขยะกเอาไปรวมกันในขยะใบเดียว 

 (       )  อื่นๆ ( ระบุ............................................................................) 

  

 

 

 



Parichat  Thuaymart                         
                                                                                 

                                                                         Biography / 114

 
 

BIOGRAPHY 
 

 

NAME                                                            Miss Parichat  Thuaymart 

DATE OF BIRTH                                         22 June 1978 

PLACE OF BIRTH                                      Loei, Thailand 

INSTITUTIONS ATTENDED                    Ramkhamhaeng University, 

1996-1999 

                          Bachelor of Science  

              (Environmental Science) 

                                                                        Mahidol University, 2002-2007 

                                                                                      Master of Science  

                                                                                      (Environmental Management) 

HOME ADDRESS 47 Moo 3 Tumbon Phakao, 

 Ampher Phakao, 

 Loei, 42240 


	07_LITERATURE REVIEW.pdf
	LITURATURE REVIEW 
	2.3.3 Emissions to water 
	         2.5.4    Application of LCA to domestic waste and LPB waste management 
	The environmental indicators and impact categories, chosen in 6 types are; greenhouse gases; energy; smog precursors; water use; and solid waste. Lifecycle assessment studies the environment aspects and potential impacts throughout a product’s life   from raw material through production, use and disposal. Impact considering is one important choice of LCA scope. The study should include the environmental aspects and potential impacts. In these studies, increased recycling will lead to decreased emissions of greenhouse gases. LCA in recycling and incineration of paper packaging materials are used as examples to discuss the usefulness of LCAs    ( Finnveden and Ekvall, 1998).  
	         Database, SimaPro comes inclusive of several inventory databases with thousands of processes, plus the most important impact assessment methods. You do not have to spend time on collecting general data, and you can focus on the important issues of your study (Pre Consultant, 2006). 


	09_RESULT.pdf
	4.3    System Boundaries 
	4.6.1    Data input before modeling 
	4.8    Interpretation 






