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ABSTRACT 
 The main purpose of this research was to assess environmental impact 
potential for the entire life cycle of the Sa paper and also to identify the significant 
production processes. The life cycle of Sa paper was divided into 4 steps: production 
of raw materials, transportation, Sa paper production and disposal. A total of 6 
environmental impact potentials: global warming, ozone depletion, acidification, 
eutrophication, photochemical smog and resource consumption were studied. Impact 
assessment was calculated using Sima Pro 5.1 program with Eco Indicator-99 and 
Environmental Design of Industrial Product method (EDIP). Inventory data were 
collected from the factory, related documents and the program database. The 
functional unit in this study was 1 ton of Sa paper. 
 From EDIP method, it was found that the amount of global warming 
potential is 847 kg CO2-eq, ozone depletion potential is 0.527 g CFC11-eq, 
acidification potential is 7.12 kg SO2-eq, eutrophication potential is 19.6 kg NO3-eq, 
photochemical smog potential is 0.165 kg ethene and resources (all) is 0.0191 kg. 
 Additionally, the results showed that the impact potential is mainly from Sa 
paper production followed by production of raw materials, transportation and 
disposal respectively. In the Sa paper production step, cooking and refining steps are 
the most significant processes because of the high amount of water used. The main 
environmental impacts of Sa paper production are Natural gas, Logs to stock and 
NaOH which contribute 26.8%, 23.5% and 19.5% respectively. 
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                           IMPACT 
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บทคัดยอ 
 การประเมินวัฎจักรชีวิตของกระดาษสา วัตถุประสงคหลักเพื่อประเมินและวิเคราะหผลกระทบ
สิ่งแวดลอมตลอดวัฎจักรชีวิต และจําแนกขั้นตอนเพื่อประเมินผลในแตละขั้นตอน ในการศึกษานี้แบงขั้นตอน
เปน 5 ขั้นตอน คือ การเตรียมวัตถุดิบ การผลิตกระดาษสา การขนสง การใชงาน และการกําจัด โดยกําหนด
ผลกระทบสิ่งแวดลอมเปน 6 ประเภท คือ ภาวะโลกรอน, การลดลงของโอโซน, ภาวะความเปนกรด, ภาวะพืช
น้ําเติบโตผิดปกติ, การเกิดหมอกควันพิษ และการลดลงของทรัพยากร ทําการประเมินผลโดยใชโปรแกรม
สําเร็จรูป Sima Pro 5.1 ดวยวิธี Eco Indicator-99 และ EDIP ขอมูลที่ใชในการประเมินผลกระทบ
ไดมาจากโรงงานเฮือนปอกระดาษสาที่ใชเปนกรณีศึกษา งานวิจัยที่เกี่ยวของ และฐานขอมูลในโปรแกรม
สําเร็จรูป ซึ่งหนวยการทํางานในกรณีนี้คือ 1 ตันกระดาษสา 
 เมื่อพิจารณาผลกระทบดวยวิธี EDIP พบวาปริมาณของผลกระทบดานตางๆ มีดังนี้ ภาวะโลกรอน 
เทากับ 847 กิโลกรัมคารบอนไดออกไซดสมมูล การลดลงของโอโซน เทากับ 0.527 กรัมคลอโรฟลูโอโร
คารบอนสมมูล ภาวะความเปนกรด เทากับ 7.12 กิโลกรัมซัลเฟอรไดออกไซดสมมูล ภาวะพืชน้ําเติบโต
ผิดปกติ เทากับ 19.6 กิโลกรัมไนเตรตสมมูล การเกิดหมอกควันพิษ เทากับ 0.165 กิโลกรัมเอทธีน และการ
ลดลงของทรัพยากร เทากับ 0.0191 กิโลกรัม 

นอกจากนั้นผลการศึกษาแสดงใหเห็นวา ขั้นตอนการผลิตกระดาษสากอใหเกิดผลกระทบสิ่งแวดลอม
มากที่สุด และขั้นตอนการเตรียมวัตถุดิบ ขั้นตอนการขนสง และขั้นตอนการกําจัด ตามลําดับ และเมื่อพิจารณาที่
ขั้นตอนการผลิตกระดาษสาพบวา กระบวนการตมเยื่อ และการแยกเยื่อเปนกระบวนการที่ทําใหเกิดผลกระทบ
มากที่สุด ปจจัยหลักที่สําคัญในขั้นตอนการผลิตกระดาษสา คือ Natural gas 26.8%, Logs to stock 
23.5% และ NaOH 19.5% 
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CHAPTER I 

INTRODUCTION 

 

 

1.1  Background and problem statement 

 
 The mulberry is one of the economic plants in Thailand. Its important 

properties are long fibers, durability, and ability to keep for long a time. The major 

uses of Sa paper are for artificial flowers, umbrellas, cards, boxes, books, wrapping 

paper and medical equipment. Sa paper and Sa paper products are important exporting 

product to several countries such as Japan, Hong Kong, Korea, Australia, USA and 

Europe. 

        

 In Thailand, Sa pulp and paper production can be found mainly in the north 

and the classification of Sa paper is hand made paper. The production techniques have 

been passed from generation to generation almost without modification. Recently, 

however, some production techniques have changed, for example, sodium hydroxide 

(NaOH) is now used instead of ash for good quality paper. 

 

 In general, Sa paper production problems are divided into three parts: raw 

materials, production and environmental loads. The raw material for Sa paper 

production is the inner bark of the Po Sa tree. Harvesting and scraping from different 

aged trees affects the thickness and characteristics of the fiber and the quality of the 

fiber in pulping and in its properties of paper. 

 

 A report in 1995 showed that inner bark demand was 68,000 tons but supply 

was only 4,700 tons. It indicated that the raw material, Po Sa, was lacking. 

(Supapornhamin, Khudkhao, Saeradee, 1995) Recently, there have been a number of 
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related studies about paper production from other residues of agriculture or parts of 

plant such as pineapple leaves, Ton Tup Lor Sri or parts of the banana plant. They 

have processing that is similar to Sa paper. The purpose of this study is to assess the 

feasibility of to making paper for raw material replacement only. 

 

 In production, the problems are smoothness, thickness and dirt because the 

producers do not have knowledge of appropriate technology or new techniques. There 

are many documents related to Sa paper production. The purpose of these documents 

is to improve production by optimizing techniques. 

 

 The last problem is the excessive resource use, of energy and chemicals and 

pollution, especially water pollution. BOD (Biochemical Oxygen Demand) and COD 

(Chemical Oxygen Demand) were 24,725 and 45,357 mg/l in black liquor and 6,643 

and 47,170 mg/l respectively in bleaching wastewater. (Supapornhamin et al, 1995) 

because of organic and inorganic matter. These values exceed environmental 

standards. The environmental impact of water emission and solid waste from paper 

production is well-known so the factory environmental manager strongly emphasizes 

on environmental impact. In fact, environmental impacts occur from the extraction of 

raw materials to the disposal of Sa paper after use. To study environmental impact, 

one of appropriate environmental tool is the Life Cycle Assessment (LCA). 

 

          LCA has been defined as a tool for environmental analysis which integrates all 

environmental problems produced during the entire life cycle of a product or function, 

wherever the problems occur. The aims are to reduce the environmental consequences 

of industrial development and the pollution arising from the ever-increasing about the 

driving forces behind consumption-using them to inspire cost-effective improvements, 

thereby raising the quality of life and reducing the environmental impacts 
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1.2  Purpose of study 
 

        1.2.1   To analyze the environmental aspects and environmental impact potentials 

associated with the entire life cycle of Sa paper using LCA technique. 

 

        1.2.2  To identify the significant processes which have high environmental 

impacts.  

 

1.3  Scope of study 
  

        This study was performed using a methodological framework based on ISO 

recommendations. Figure 1.1 shows the conceptual of life cycle of Sa paper 

production 

 

        1.3.1 The factory in this study was Nheun Po-kra-dat-sa , Doi Sa Get, Chiang Mai 

province. 

      

        1.3.2  In this study, the functional unit was defined as one ton of white Sa paper. 

 

        1.3.3  Sa paper production data were taken from literature,  program database and 

factory records in August and December 2003. 

 

        1.3.4  The life cycle of Sa paper was divided into the following stages;  

  

                - Production of raw materials 

                -  Transportation of raw materials 

                -  Sa paper production 

                -  Disposal 

 

        1.3.5  The impact categories considered in this study are; 

                 

                -  Global warming potential (GWP) 
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Goal and scope definition 
 
 
 
 
 
 
 
 
 

Interpretation 
-  to analyze the  
   environmental aspects 
-  to analyze   
   environmental impact   
   potentials 
-  to identify the  
   significant processes 
   which have high  
   environmental impact. 

 

 

Inventory analysis 
-  production of  
    raw materials 
-  transportation of  
    raw materials  
-  Sa paper production 
-  disposal 

 

 

 

 

 

 

 

Impact assessment 
-  global warming potential 
-  ozone depletion potential 
-  acidification potential 
-  eutrophication potential 
-  photochemical smog 
   potential 
-  resources (all) 

 

 

 

 

 

 

            

 

Figure 1-1  Conceptual diagram of life cycle of Sa paper production 
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                  -  Ozone depletion potential (ODP) 

    -  Acidification potential 

     -  Eutrophication potential 

                -  Photochemical smog potential 

                -  Resources (all) 

 

1.4  Definition 
 

        1.4.1  Life Cycle Assessment (LCA) is the process of evaluating the effects that a 

product has on the environment over the entire period of its life cycle. 

 

        1.4.2  Pulp is substance consisting of wood or other lignocellulosic materials that 

have been broken down physically and/or chemically such that discrete fibers are 

liberated and can be dispersed in water and reformed into a web. 

 

        1.4.3  Sa paper is paper that is hand made from the inner bark of the Po Sa tree. 

 

        1.4.4  Soda process is the oldest pulp making process which uses a strongly 

alkaline solution of sodium hydroxide to delignify the cellulosic raw material. 

 
        1.4.5  Black liquor is a liquid in the kraft process, composed of spent pulping 

chemicals and wood residues. 

 

        1.4.6  Global warming potential (GWP) is the ratio of the enhanced greenhouse 

effect of any gas compared with that of carbon dioxide. 

 

        1.4.7  Ozone depletion potential (ODP) is the ratio of the impact on ozone of a 

chemical compared to the impact of a similar mass of CFC-11. Thus, the ODP of 

CFC-11 is defined as 1.0. 
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        1.4.8 Acidification potential is the process whereby air pollution, mainly 

ammonia, sulphur dioxide and nitrogen oxides, is converted into acidic substances. 

 

        1.4.9  Eutrophication potential is the condition of a lake or other water body 

where nutrient levels and productivity are high.  

 

        1.4.10  Photochemical smog potential is a condition that develops when primary 

pollutants (oxides of nitrogen and volatile organic compounds created from fossil fuel 

combustion) interact under the influence of sunlight to produce a mixture of hundreds 

of different and hazardous chemicals known as secondary pollutants

       

1.5  Expected results and appreciation 
 

        1.5.1  Obtain environmental impact from each phase by LCA. 

 

        1.5.2  Obtain significant environmental impact and study guidelines for reduction 

and improvement. 

 
         

http://www.physicalgeography.net/physgeoglos/p.html#anchor678524#anchor678524
http://www.physicalgeography.net/physgeoglos/p.html#anchor678524#anchor678524
http://www.physicalgeography.net/physgeoglos/s.html#anchor1195036
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1  Wood chemistry  

 
        Generally, the composition of woods is divided into two parts: fibrous and non-

fibrous raw materials.(Biermann) 

 
                2.1.1  Fibrous raw materials  

        
                Fibrous raw materials consist of lignin, cellulose and hemicellulose. Lignin 

is more highly concentrated in the middle lamella and primary cell wall regions of the 

wood fiber than any other part of the cell wall. Most of the lignin, however, is actually 

in the secondary cell wall since the secondary cell wall accounts for most of the mass 

of the fiber. 

 

                Cellulose is a linear polymer of anhydro-D-glucose connected by β-(1-4)-

linkages. The degree of polymerization (DP) is above 10,000 in unaltered wood. 

Physically, cellulose is a white solid material that may exist in crystalline or 

amorphous states. Cellulose in wood is about 50-70% crystalline and forms the “back-

bone” structure of a wood fiber. The crystalline form of cellulose is particularly 

resistant to chemical attack and degradation. Hydrogen bonding between cellulose 

molecules results in the high strength of cellulose fibers. 

 

                Hemicelluloses physically are white solid materials that are rarely crystalline 

or fibrous in nature. Hemicelluloses increase the strength of paper and the pulp yield, 

but are not desired in dissolving pulps. Chemically, hemicelluloses are a class of 

polymers of sugars including the six-carbon sugars: mannose, galactose, glucose, and 
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4-O-methyl-D-glucuronic acid and the five-carbon sugars: xylose and arabinose. The 

number average DP is about 100-200 sugar units per hemicelluloses molecule. 

 

                2.1.2  Non-fibrous raw materials  

 

                Non-fibrous raw materials are additives. Additives are materials used to 

improve the finished paper itself or aid in the process of papermaking. Additives have 

divided 2 types: functional additives and control additives.  

 

                Functional additive are used to improve or impart certain qualities to the 

paper product and must be retained on the sheet to be effective e.g. 

                1)  Sizing agents are added to decrease absorption and increase water 

resistance e.g. resin, wax, AKD (alkyl ketene dimer), ASA (alkenyl sussinic 

anhydried). 

                2)  Fillers are added to stock for opacity and brightness improvements of 

printing papers e.g. clay, calcium carbonate, titanium dioxide. 

                3)  Dry strength agents are added to increase strength and bonding fiber e.g. 

starch, polyacrylamides. 

               4)  Wet strength agents are added to increase wet strength e.g. urea 

formaldehyde, polyamine. 

                5)  Coloring materials are added to stock to impart color to the final product 

such as pigments or dyes. 

                6)  Optical brightness agents or fluorescent brightening are used to brighten 

paper. 

 

                Control additives are added to improve the papermaking process, but do not 

directly affect the product and are not necessarily retained in the product e.g. 

                1)  Retention aids are polymers that are added to improve the retention of 

fines (small fiber fragments), fillers, internal sizing agents, etc. 

                2)  Formation aids are additive used to promote dispersion of fibers. 

                3)  Defoamers are used to control foaming and destabilize existing foams. 
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                4)  Deposit control agents are chemicals used to control organic or inorganic 

deposits 

                5)  Biocides can be used to control slime. Microorganisms, particularly 

bacteria and fungi, will grow around the paper machine and produce slime consisting 

of proteins and polysaccharides. 

                6)  Other additives include pH control agents and corrosion inhibitors.  

 

2.2  Po Sa 

 

 Po Sa or the Thai mulberry (Broussonetia papyrifera Vent.) is a plant of the 

family Moraceae which is in the same family with Morus indica (หมอน). Po Sa is found 

in deciduous forests or ample humidity areas. Sources of Po Sa are in China, Korea 

and South-East Asia. Po Sa has different names in different localities: Po-ka-sa (north 

and northeast), Mok-pee (west), Cham-sa (Nakornsawan), Cham-cha 

(Nakornratchasima), Po-fai (south).(Sathakom, Dachatwong and Sirphan, 1983) 

 

        Po Sa is a medium size shrub with a brown round trunk. In older trees, the trunks 

become darker with brown strips.(Phatcharaburanin, 1983) 

 

        The leaves have two different shapes: a palmately leaf with 3-5 rays and a single 

leaf. The size of leaves varies from 6-12 cm. wide and 8-18 cm. long. The single leaf 

has a tapered round tip and a heart-like base. Normally, these two types are found in 

separate trees but it is possible to find them in the same tree.  

 

        Male and female flowers are found in separate trees (Dioecious). The female 

flowers are dense globular spikes and the male flowers are dense spikes.  

 

        The seeds are around the flower. The older seeds are hard and light brown. The 

seeds are light and small. 

 

        Fruits are multiple fruits and the older fruits are red. The root system is short and 

wide spread. 
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        Po Sa is a rapidly growing plant and it can expand by seeds, branches, trunks and 

stolon.(Thamsiri and Sitisarn, 1999) 

 

        Po Sa grows very fast and is harvested in its year. Harvesting is done twice a year 

at the beginning and the end of the rainy season. Appropriate trees for harvest for 

paper production are 7-20 cm. in trunk diameter and 3-5 years old.(Phatcharaburanin, 

1983) 

 

2.3  Species of  Po Sa 
 

        In Thailand there are four species: B. papyrifera (Thai paper mulberry), B. kurzii 

(Sa-lae), B. kazinok , B. kaempferi (Japanese paper mulberry). The first species is used 

for paper production. The third and the fourth species were introduced to Thailand in 

1979.(Supapornhamin et al, 1995) 

 

2.4  Physical properties and chemical composition of Po Sa 
 

        2.4.1  Physical properties 

 

                Physical properties of Po Sa that affect paper production are the size and 

shape of the fibers.(Table 2-1) 

 

        2.4.2  Chemical composition  

 

               The chemical analysis of Po Sa shown in table 2-2, indicates cooking and 

bleaching ability. From the table, it can be seen that its solubility in hot water is 

around 19% and in 1% NaOH nearly 43%. These figures mean Po Sa degrades very 

fast in nature. 
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Table 2-1  Physical properties of 3 year old Po Sa fiber 

 

Size of fibers Axis Po Sa Inner bark Po Sa 

Average length of fiber, mm. 1.05 8.00 

Average width of fiber, mm. 24.10 19.80 

Average thickness of fiber, micron 4.10 5.36 

Thickness of lumen, micron 15.90 9.10 

Length : width fiber ratio 43 404 

 

Source: Sathakom, Dachatwong and Sirphan, 1972 

 

Table 2-2  Chemical composition of inner bark of Po Sa 

 

List Oven dry weight of Po Sa,% 

Ash 4.30 

Soluble in hot water 18.69 

Soluble in alcohol-benzene 4.11 

Soluble in 1% NaOH 42.70 

Soluble in alcohol 2.85 

Total extractives 25.65 

Lignin 3.32 

Pentosan 8.11 

Holocellulose 71.03 

Alpha-cellulose 62.14 

Bata-cellulose 0.79 

Gamma-cellulose 8.26 

 

Source: Haritaitanasan et al, 2002 
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2.5  Usage of Sa paper 
 

        The obvious properties of Sa paper are that it is soft yet toughly, durable and long 

lasting, and it does not crack or have insects. Sa paper products are divided into the 

following categories: 

        1)  Medical: to wrap equipment before steaming or to use for cleaning in stead of 

tissue paper 

        2)  Industrial: to wrap fragile products 

        3)  Hand-made products: to produce flowers, cards, envelopes etc. 

        Nowadays, Sa papers are well known because they are very beautiful and 

biodegradable. Importantly, the production of Sa papers is part of the cultural 

knowledge of Thailand and should be conserved. 

 

2.6  Sa paper production  
 

        Sa paper is made from the inner bark of the Po Sa.(Supapornhamin et al, 1995) 

The procedure consists of 

 

        1)  preparing raw material 

 

        Raw material is acquired domestically and internationally so Po Sa has different 

properties and many grades. Before processing, the material should be screened and 

classed by grade, age or thickness.  

 

        2)  soaking 

 

        Soaking is an important procedure because Po Sa swells reducing cooking time. 

Soaking time is about 3-15 hours or overnight. Water should not be mixed with 

chemicals, especially iron, which gives the paper undesirable properties. 

 

 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Technology of Environmental Management) / 13 

        3)  cooking 

 

        The main chemical used is NaOH. The consistency of NaOH depends on grade or 

age and also on cooking time. Other chemicals used in cooking are ash, soda ash or 

slake lime. 

 

        If there are not enough chemicals, cooking takes a long time, the properties of 

paper will be poor and not all extractives will be dispersed. If there are excessive 

chemicals, fiber decomposes too much and the yield is lower. After cooking, the 

producer should wash the pulp about three times.  

         

        4)  bleaching 

 

        The objective of bleaching is to make the paper brighter. The pulp is soaked in 

calcium hypochloride solution. Bleaching time is 6-12 hours. Other chemicals used are 

hydrogen peroxide (H2O2) or sodium peroxide (Na2O2). Papers bleached with H2O2 

are brighter than those bleached with calcium hypochloride. H2O2 has no impact on 

the environment but it is expensive. The washing process is the same as that used after 

cooking. 

 

        5)  dyeing 

 

        Normally, the color of the paper is light brown. The paper is dyed after bleaching.  

         

2.7  Environmental impact of pulp and paper production 
 

        Many pulp and paper mills use considerable quantities of water, generate large 

volumes of effluent, produce substantial emissions to air (odours, volatile organic 

compounds and carbon dioxide), and use large amounts of energy both for heating and 

to pump and circulate materials. 
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        1)  Resource use 

 

        The fibrous raw material can be hardwood or softwood, non-wood plants and 

agri-residues or recycled fibers, which are treated for the requirements of 

papermaking. In pulping, water is used, primarily, as a transport medium for fibers and 

sometimes to give a suitable environment for chemical reaction to take place. 

 

        Chemicals are used to produce the free fibers, to bleach for desired brightness or 

for other purposes. 

 

        Pulp and paper manufacture requires electrical and thermal energy to drive the 

processes and equipment. Energy can be generated on-site with internal renewable 

fuels (bio-fuels) or from the external grid. In table 2-3, the quantities of resources and 

energy used in various pulping processes are represented. 

 

        Most of the processed that has been utilized is also discharged with effluent, 

carrying residual process chemicals and dissolved fibers. The residuals from the 

fibrous raw materials may be solids (fiber fragments, bark fragments) or in solution 

(dissolved carbohydrates, inorganic metal ions). Residual heat is dissipated with the 

water vapour and in the warm effluents. 

 

        2)  Water emission 

 

        Emissions to water from pulp and paper production will depend on the production 

processes used and operational standards. Characteristic chemical and biological 

properties of total effluents differ with different technologies. Effluents originate from 

fibrous raw materials. 

 

        The highest load of organic material comes from the residual cooking liquor 

(black liquor). The effluents from bleaching are lower in organic content than from 

pulping, but bleaching with chlorine compounds (chlorine and hypochlorite) poses a 

specific environmental problem. 
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        Other organic compounds are extractives: resin and fatty acids. Primarily, the 

color of an effluent is associated with the content of high molecular weight 

compounds i.e. lignin derived material from cooking and bleaching. The main effect 

of color is a reduction of the light transmission which decreases the productivity. 

 

Table 2-3  Quantities of resources and energy used in various pulping processes 

 

Fibrous raw 

material 

Energy Chemicals Water Process 

t/t Power 

kWh/t 

Fuel 

GJ/t 

Kg/t m3/t 

Mechanical 

pulping 

0.950 2500 4-6 0 5 

CTMP pulping 1,000 1,500-

3,000 

4-6 50 5 

Chemical 

pulping 

  Unbleached 

  Bleached 

 

1,900 

2,100 

 

700 

850 

 

1.5 

2 

 

15 

50-100 

 

15 

45 

Recycled fiber 

pulping 

  Brown papers 

  De-inking 

 

 

1,100 

1,200 

 

 

500 

700 

 

 

4-6 

4-6 

 

 

 

10 

50 

 

 

2 

10 

Paper making - 500-1,200 4-10 10 15 

 

Source: UNEP, 1996 

 

        3)  Air emission 

 

        Emissions to air from the pulp and paper industry to a large extent originate from 

the incineration of fuels. Carbon dioxide released from the burning of bio-fuels 
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produced from a sustainable source will make no net overall contribution to the 

greenhouse effect but a considerable part of the energy used at all stages in the 

industry today is still generated by burning fossil fuels. 

 

        Transport vehicles, power stations and recovery boilers for chemical pulping all 

emit sulphur and nitrogen oxides, gases which acidify the atmosphere and in turn 

contribute to regional environmental impacts. Volatile organic compounds (VOC) are 

emitted from the processing, storage and handling of fibrous raw material and from all 

combustion processes, including transportation. VOCs consist of various substances 

which contribute to the formation of tropospheric or low ozone which has a direct 

environmental impact on vegetation and crops. 

 

        Particulates as well as odorous compounds are yet more pollutants which have an 

environmental impact in the vicinity of pulp mills. The odour from the sulphate 

pulping processes are caused by inorganic and organic sulphides formed in the process 

or in the recovery system. They make emissions occur. In some sulphite pulping 

processes the volatile compounds with a strong odour may also occur, but the smell is 

normally much less than in sulphate pulping. The odour is not a health issue but the 

disturbance has aesthetic implications which indicate that this problem should be 

treated with great consideration. 

 

        If processes are not properly managed, the losses of fiber and process chemicals 

from the mills can be significant. Pulp and paper production also use a number of 

chemicals that are produced elsewhere and transported to the mill site, mostly fossil 

fuel resources, Some of the chemicals are also environmentally harmful themselves. 

(UNEP, 1996) 

 

        2.7.1  Type of contamination in wastewater  

 

       1)  Dyeing. In dyeing, fiber is absorbed and some is discarded. The 

amount of residual dye depends on the type of dye. 
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       2)  Chemical residues from the process are such as chlorine, H2O2, NaOH 

or soda ash. 

       3)  Fine residues from soaking, washing and screening. 

 

        2.7.2  Properties of wastewater 

 

                The properties and amount of wastewater depend on the process as shown in 

table 2-4. 

                

Table 2-4  Properties and amount of wastewater from Sa paper production 

 

Process 

 

characteristic pH COD  

(mg/l) 

Amount of 

waste water  

(m3/ton paper) 

Soaking High organic - - - 

Cooking Black 12-13 17,000-20,000 20 

Cooked 

washing 

Light brown 8-9 80-100 200 

Bleaching Yellow or 

white 

7-8 80-100 120 

Bleached 

washing 

Rather clear 7-9 100-300 80 

Dyeing - 6-8 1500-2500 - 

Paper making - 6-9 50-100 80 

 

Source: Bureau of Technology and Environmental Factory, 1999 

 

        The total amount of wastewater from Sa paper production is 113.5-128.7 times of 

Sa dried weight. The major properties of wastewater are that it is very dirty, and has 

highly pH and COD. This makes the water toxic to water life, leads to oxygen 

depletion in watercourses and physical impairment of watercourse condition.   
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2.8  The components of the LCA framework 
 

        Life cycle assessment (LCA) is an environmental management tool that is used to 

examine and evaluate the environmental impacts associated with products and 

systems. The focus of LCA is on the entire life cycle of the product, i.e. from the 

extraction of the raw materials through the production of materials and components 

and the manufacture, transportation and use of the product to the final disposal and 

possible recycling.(UNEP, 1996) 

 

        LCA differs from other environmental assessment tools in several significant 

ways: 

        -  it can be used to study the environmental impact of either a product or the 

function the product is designed to perform 

        -  it provides objective data that are not dependent on any fixed ideology 

        -  it is much more comprehensive than other environmental tools 

 

        LCA is one of a number of environmental decision making tools. It does not 

replace other tools, but because of its comprehensive ‘cradle-to-grave’ approach it 

provides more information about an individual product or process. Most tools that 

support environmental decision making deal with one aspect of an industrial process 

only. For example, environmental impact assessments look at the impacts of new 

industrial facilities, while risk assessments focus on the effects of pollutants released 

from particular installations. 

 

        LCA is also focused on environmental impact but it takes into account all the 

environmental consequences of a product or, more generally, of the function the 

product is designed to perform. LCA is more complex and more comprehensive than 

other types of assessment because it analyses the environmental impacts of all aspects 

of the product under investigation. In addition, it is concerned with the use of scarce 

resources as well as with the release of hazardous substances; and it encompasses 

global effects, such as global warming, as well as local effects such as toxic emissions. 
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        2.8.1  The history of LCA 

 

                The energy crisis of the 1970s and the publication of Limit to Growth had a 

major influence on general environmental awareness. One of the results was a detailed 

system for analyzing the energy required to manufacture individual products. LCA 

was developed in parallel to this process, and was influenced by it. LCA extended the 

analysis to include not only the depletion of energy resources but that of other 

resources as well, and to include the impacts of emissions and waste generation. 

 

                Interest in LCA has increased since the 1980s, since when there have been 

two major changes: first, methods have been developed for quantifying product 

impacts on different categories of environmental problem; second, LCA studies have 

started to become more widely available for public use. Today, knowledge of how to 

carry out an LCA is improving rapidly. The value of the technique is being 

increasingly recognized and it is now being used for strategic decision making and for 

designing environmental policies.(UNEP, 1999) 

 

                This framework comprises four main components: goal definition and scope, 

inventory analysis, impact assessment and interpretation.(Figure 2-1)  

 

        2.8.2  Goal definition and scope of study 

 

                The first component of the LCA involves stating and justifying the goal of 

the LCA study, explaining the goal (aim or objective) of the study and specifying the 

intended use of the results (application), the initiator (commissioner) of the study, the 

practitioner, the stakeholders and the intended users of the study results (target 

audience), the expected product of the study, the boundary conditions, and the 

assumptions.(Curran, 1996 and ISO 14041, 1997) This is important, because parts of 

the component depend on the objective, and the results can be wrongly used to arrive 

at incorrect conclusions, if their use is not properly defined.(Wenzel, Hauschild and 

Alting, 1997) 
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                LCA can be used for a number of different goals: to make a strengths and 

weaknesses analysis, to improve the product and to compare products.(UNEP, 1999) 

 

                 

 

 

                                      

Impact assessment
Inventory analysisGoal and scope 

definition 

 

 

 

 

 Interpretation 

 

 

 

 

 

 

 

 

 

Direct application 
- product development and improvement 

- strategic planning 
- public policy making 

- marketing 
- other

 

Figure 2-1  Framework for life cycle assessment 

Source: UNEP, 1999 

 

                The scope of LCA study should be sufficiently well defined to ensure that 

the breadth, the depth and the inherent detail in which the study is conducted are both 

compatible with and sufficient to address the stated study goal. The objectives of the 

scope of study are to identify and to define the object of the assessment and to limit it 

to include that which is significant for the goal of the LCA. Scope definition includes: 

(Wenzel, Hauschild and Alting, 1997) 

                1)  defining the object of the study and the functional unit 
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                2)  selecting one or more reference products or reference systems  

                3)  designating the environmental assessment parameters 

                4)  identifying the environmentally significant processes in the product 

system 

                5)  defining the time horizon, including the technology level 

               6)  allocating the environmental exchange occurring in the product system 

between the object studied and other user services to which the product system’s 

processes contribute. 

                           

               The results of the goal and scope definition phase consist of a clear 

specification of the goal of the study, the functional unit, and the reference flows for 

the various alternative product systems. In addition, the scope of the study will guide 

further choices in subsequent phases.(ISO, 1997) 

 

                        2.8.2.1  Functional unit 

 

                                Definition of the functional unit or performance characteristics is 

the foundation of an LCA because the functional unit sets the scale for comparison of 

two or more products including improvement to one product (system). All data 

collected in the inventory phased will be related to the functional unit. When 

comparing different products fulfilling the same function, definition of the functional 

unit is of particular importance. The functional unit enables different systems to be 

treated as functionally equivalent and allows reference flows to be determined for each 

of them.(Wenzel, Hauschild and Alting, 1997 and ISO, 1997) 

 

                                One of the main purpose for a functional unit is to provide a 

reference to which the input and output data are normalized. A functional unit of the 

system shall be clearly defined and measurable and depended on the goal and 

application, the actual, standard or recommended use. 
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          The functional unit must include both a qualitative description of 

the service and a quantification. The quantification must specify the duration of the 

service, including the product’s life span. 

 

                        2.8.2.2  System boundary 

                           

                                The system boundaries for LCA define the process/operations and 

the inputs and outputs to be taken into by a general materials flow diagram. The 

boundaries encompass the acquisition of raw materials, manufacture of materials, 

manufacture of products, use of products and final disposition. 

 

                        2.8.2.3  Data quality 

 

                                The quality of the data used in the life cycle inventory is naturally 

reflected in the quality of the final LCA. Initial data quality requirements shall be 

established which define the following parameters: 

                                1)  Time-related coverage e.g. within last 5 years, annual 

          2)  Geographical coverage e.g.  Local, regional, national, 

continental, global 

                                3)  Technology coverage e.g.  Nature of the technology mix 

 

                                Quality requirements refer to both the reliability and the validity of 

process data.  

                                 

                        2.8.2.4  Assessment criteria 

 

                                The requirement that the environmental assessment by broadly 

based is met by the Environmental Design of Industrial Products (EDIP) method, 

which includes the following general categories of impact:   

                                -  Environmental impacts 

                                Including global warming, ozone depletion, acidification, 

eutrophication, photochemical smog. 
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                                -  Resource consumption 

                                Natural resources are structures and process that human can use 

for their own purpose but cannot create. Natural resources are usually categorized as 

either renewable or nonrenewable. Renewable resources can be formed or regenerated 

by natural process. Soil, vegetation, animal life, air and water are renewable primarily. 

However, just because a resources can result in their irreversible degradation. 

Nonrenewable resources are not replaces by natural process, or the rate of replacement 

is so slow as to be in effective. Therefore, when nonrenewable resources are used up, 

they are gone and we must do without them. 

                                 

                                The main categories are basically viewed as being equally 

important. They are handled as different aspects, entering into each separate 

assessment and are not mutually weighted. 

 

                                The impacts within these main categories are further divided in 

terms of their geographic extent into; global impacts, regional impact and local 

impacts 

 

                                This subdivision is of significance for the final part of the 

assessment, where the contributions to the various impacts categories are normalized 

and weighted, because the character and the mode of action differ for different 

geographic extents. 

 

                        2.8.2.5  Allocation models 

 

                                To identify process that contribute to more than one product. 

Determines the partitioning keys for the environmental exchanges from these process. 

This is done in order to ascribe the environmental exchanges to each functional unit. 

Provides a guide to avoid allocation by expanding the system. 
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        2.8.3  Life cycle inventory  

 

                The basic purpose of Life Cycle Inventory (LCI) is to establish inputs and 

outputs for a specified system. A specified system may be an industrial process. The 

different parts of the process are represented by modules.(JÖnson, 1996) 

 

                The system may include all processes that are directly or indirectly linked to 

the use of a product, a service or a process. The inputs and outputs from all the 

modules in a system go to make up the LCI. 

 

                The inputs to each module come from the surrounding environment or from 

other modules. The output depends on the type of operation the modules represents. 

(Figure 2-2)  

 

                The degree of detail is decided upon when the goal is set, before the actual 

data collection starts. 

 

                        2.8.3.1  The unit process 

 

                                An important goal of data collection is to establish a database 

which can be used on and ongoing basis for LCA at the company. This is means that 

data for a process must be stored in a form which makes reuse possible in the 

subsequent modeling of other products. This is called normalizing the process or 

transforming it into a unit process. 
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Input         Output 

 

 

Energy                                            Emissions to air 

 

                                        Emissions to water 

                                                                          

Material           Waste 

 

            Useful products 

 
 
 
 
 

Unit process 

 

Figure 2-2  The information that has to be recorded for each module in a system      

                   includes both input and output 

  

                                The relationship between a process and its environmental 

exchanges must be clarified, i.e. to which key unit are the exchanges most correctly 

related? For materials, the correct unit is typically the weight of the material, and the 

exchanges are expressed per kilogram. But for a painting process or a plating process 

it is often the surface area, and for other process it can be time used or something else. 

 

                                Identifications of the key units are as following:  

                                1)  Raw material extraction and material production: the typical 

key unit is the material’s weight. 

                                2)  Electricity production: the typical key unit is 1 kilowatt per 

hour (kWh) of electricity generated. 

                                3)  Heat production: the typical key unit is 1 MJ of heat output. 

                                4)  Transportation: the typical key unit are kilometer (km) loaded 

weight and speed combined with type of transport. 

                                5)  Production process: there is no typical key unit. It will vary 

greatly, depending on the type of process and the company itself is best able to 

identify it for its own process. The company often uses a key unit for the process for 
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financial calculations and in many cases this will also be the correct key unit for the 

environmental exchanges. 

 

                        2.8.3.2  Data collection 

 

                                Data collection is the most time-consuming task in the LCA of 

product or system. In general it involves a lot of work to establish qualitative and 

quantitative information concerning the many process in a product system. 

 

                                The data collection can build on data from various types of data 

sources: 

                                1)  Electronic database 

                                2)  Literature data e.g. scientific papers and public reports 

                                3)  Unreported data from manufacturers, laboratories, authorities 

and others 

                                4)  Measurements and/or computations 

 

        2.8.4  Impact assessment 

 

                Environment impact assessment is a technical, quantitative and/or 

qualitative process to characterize and assess the effects of the environmental burdens 

identified in the inventory analysis component. Through the application of an impact 

assessment it will be possible to assess the potential effect on the environment 

resulting from the identified environment burdens.(JÖnson, 1996)  

 

                To this end, a list of impact categories is defined, and models for relating the 

environmental interventions to suitable category indicators for these impact categories 

are selected. The actual modeling results are calculated in the characterization step, 

and an optional normalization servers to indicate the share of the modeled results in a 

world wide or regional total. Finally, the category indicator results can be grouped and 

weighted to include societal preferences of the various impact categories.(ISO 14042, 

1997) 
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               This assessment may include the iterative process of reviewing the goal and 

scope of the LCA study to determine when the objective of the study have been met, 

or to modify the goal and scope if the assessment indicates that they cannot be 

achieved. 

                 

               The impact assessment phase may include element such as: 

                -  Assigning of inventory data to impact categories. 

                -  Modeling of the inventory data within impact categories. 

                -  Possibly aggregating the result in very specific cases and only when 

meaningful. 

 

                Impact assessment can be structured according to the following steps:  

(Graedel, 1998) 

 

                1)  Classification.  Classification begins with the raw data from the 

inventory analysis on flows of materials and energy. Given that data, the classification 

step consists of identifying environmental concerns suggested by the inventory 

analysis flows. 

                2)  Characterization. Characterization is the process of combining different 

stressor impact relationships into a common framework. 

                3)  Localization. Localization is the operation of comparing environmental 

impacts occurring in different regions with different characteristics. Localization has 

sometimes been called “normalization”. 

                4)  Valuation. Valuation is the process of assigning weighting factors to the 

different impact categories based on their perceived relative importance as set by 

social consensus.     

 

        2.8.5  Improvement assessment 

 

                The results of the study are used to make an improvement assessment. This 

starts with an analysis of the products to be investigated, and indicates the origin of 
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their contributions to environmental problem. The results of the analysis thus indicate 

the most important areas in which improvements may be made. 

 

                This step involves an assessment of economic, ergonomic and other aspects 

of the product, since it make little sense to introduce environmental improvements 

which result in expensive products which fail to function properly. 

 

2.9  The relevant documents 

 
        2.9.1  The researches about Sa paper production 

 

                1)  High quality hand-made Sa paper. 

 

                Rungarung  Wattanawong tested four levels of chemical additives: NaOH at 

level of 4,6,8 and 10% of the dried Sa jute weight. Time for boiling at 100OC was 

three hours. It was found that NaOH at 8% of Sa jute weight is most appropriate for 

pulp production. The results of bleaching with H2O2 at 2,3 and 4% of dried Sa jute 

weight and using consistencies of pulp at 10 and 16% were that the a higher 

consistency of pulp and a higher percentage of H2O2 gave higher brightness. 

Therefore, the best bleaching conditions are with H2O2 at 4% of dried Sa jute weight 

and the consistency of the pulp at 16%. That gave brightness up to 84.7% and the use 

of chemicals has no environmental impact.  

 

                2)  Paper pulp processing from “Chantaboon” for local industry. 

 

                Arungrung  Jaikom studied pulp production using the Chantaboon shrub and 

tested three parts - the base, middle and top of the shrub - and also the whole of the 

Chantaboon shrub. The results are showed that the whole of the Chantaboon shrub is 

optimized for pulp production if NaOH at 10% dried weight and Chlorine 12% of 

dried pulp weight are used. In the hand-made process, Chantaboon pulp uses lower 

factors than Sa pulp. It required less time at 15.22 hours per two worker, lower water 

volume at 441 liters and lower fuel at 41.26 but higher chemical usage 0.6 kg. 
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                3)  Mixed paper production from leftover Sa paper and leftover “Pop Plin” 

fabric. 

 

                Nuchchanard  Chantrarapraparp has studied the production of mixed paper 

from leftover Sa paper and leftover “Pop Plin” fabric. By mixing materials for hand-

made production, the appropriate ratio between Sa pulp and Pop Plin was found to be 

60:40. The results from using mixed paper for hand-made production showed that it is 

easy to use this paper, it saves energy, saves labor and that it does not affect the 

environments. The advantage of this paper is that it is softer and whiter than Sa paper. 

 

                4)  Clean technology for Sa pulp and paper production. 

 

          Saksan  Papong audited resources and raw materials from Sa pulp and 

paper production so that clean technology (CT) could be used in order to reduce waste 

and lower the production cost. The factory in this study was Parinya Sa paper factory 

which is in Prae province. It produced handmade colored Sa paper and Sa paper 

flowers. The capacity was 1,000 sheets per day. The key factors of production were Po 

Sa 2.911 ton per ton paper, water 451 m3 per ton paper, chemical 414 kg per ton paper, 

firewood 42.89 GJ and electricity 568 kWh per ton paper. Sa paper was produced by 

soda process and bleached by H2O2 and Na2SiO3, stabilizing agent. Sa paper 

production began with Po Sa being soaked for 12-24 hours in a cement pond, which 

had a volume of 1,150 liters. The water was changed every 3 days. After that the Po Sa 

was cooked in a steel drum with NaOH add 10% of Po Sa weight at 100OC for 0.5-1 

hour. The fuel used was firewood. This was done four times per day then the pulp was 

washed three times in cement ponds which had a volume of 565 liters. The pulp was 

bleached with H2O2  at 8% of the dry weight pulp in steel drum at 100OC for 1-5 hours 

and washed three times. Then the pulp was refined by a machine which had a capacity 

80 liters and used 1.5 kWh per unit. The timing for refining was about 20-30 minutes. 

After that pulp was formed by the touching method in cement ponds, eight of which 

had a capacity of 80x120x60 cm and two of which had a capacity of 1.5x2.1 m. Then 

the pulp was dried by sunlight and graded. Unbleached pulp was bleached with 

calcium hypochlorite when the process was resumed or it was used for landfill. The 
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CT auditing showed that in the cooking the level of NaOH could be reduced from 10% 

to 8% of Po Sa weight when the cooking was at 100OC for 5 hours. Hypochlorite 

could be changed to 8% Peroxide, 5% Na2SiO3, of dried weight pulp at 100OC for 1-5 

hours in bleaching. Implementation of the CT showed that using a stainless steel tank 

for bleaching could reduce the amount of bleaching chemicals by 20.8% and improved 

bleaching condition could reduce it by 11.8%. Using of black liquor instead of water 

as the soaking solvent could reduce it by 13.8%. For the washing process, in the 

counter-current rinsing system water usage was reduced by 51.7% because the 

amounts of water used in washing after cooking and after bleaching were 631.96 liters 

and 476.01 liters for 1,000 sheets per day. Moreover, improvement of the washing 

flow layout can reduce 26.5%. 

 

                5)  The improvement of pulping and paper process from the paper mulberry 

 

                Wichai  Haritaitanasan studied the optimum conditions for pulp and paper 

production and established a paper house model. Bark was soaked for 24 hours. A 

mixture of NaOH:KOH:CA(OH)2 at the ratio of 3:2:2 was used instead of NaOH at 

100OC for 1 hour. The results showed that using this pulp can reduce environmental 

impact. The appropriate bleaching condition is 4% H2O2, 1.5% NaOH, 2% Na2SiO3, 

0.05% MgSO4, 12% consistency of pulp at 90OC for 2 hours. Brightness of pulp is 

72.97% which is less than for the pulp produced by sodium hypochlorite or calcium 

hypochlorite. Removal of metals in unbleached pulp with 1% sulfuric acid followed 

by H2O2, bleaching increased brightness of pulp by 77.64%. The optimum dyeing 

method was Jig Dyeing Cotton. 

 

        2.9.2  Researches about paper production using LCA 

 

                1)  Life cycle assessment of recycled paper for different brightnesses. 

 

                Katsuyuki  Nakano, Yasunari  Matsuno, Atsushi  Inaba and Heejoon Kim 

studied the phenomenon of recycled papers having different brightnesses in spite of 

using the same papermaking processes. They used LCA to provide information for 
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consumers and NGOs. The functional unit is 1 ton of recycled paper which was made 

of 100% used paper pulp. Recycled paper life cycle is constituted by the following 

system boundaries; used paper collecting as material acquisition, chemical reagents, 

papermaking process, distribution and waste treatment. In this study, used paper was 

collected from each home by truck and the local government collected used paper, as 

combustible waste, using a refuse collection vehicle. The amount of resource 

consumption in papermaking process was measured at the papermaking company. 

This study evaluated the amounts of CO2, SOx and NOx emission. Emissions of SOx 

and NOx at the combustion stage were calculated by the result of the exhaust gas 

qualitative analysis at the end of the boiler. Emissions of CO2 caused by sludge 

incineration were calculated by analysis of the paper’s composition. By NIRE-LCA 

ver.3 analysis method, the results showed that the emissions is increased 24% as a 

result of raising the brightness from 57% to 70%. Emissions of CO2 caused by 

biomass is more than 70% of all emissions of CO2 at any brightness. The emissions 

increased by 28% when raising the brightness from 57% to 70%. 

 

                2)  Life cycle analysis of printing paper using non-wood pulp and de-inked 

pulp. 

 

                Katsuhito  Nakazawa, Keiichi  Katayama, Toru  Katsura, Hiroyasu  

Sakamura and Itaru  Yasui studied the life cycle analysis of 1,000 kgs printing paper 

and compared environmental loads of printing paper made from mixture of hardwood 

pulp , on one hand and non-wood or de-inked pulp such as bagasse pulp and kenaf 

pulp on the other. The inventory data was collected at Mitsubishi paper mill in Japan. 

The environmental load items were those such as CO2, SOx, NOx and incineration ash. 

The system boundary covered the hardwood afforestation and non-wood cultivation 

stage, the hardwood and kenaf chipping stage and the bagasse depithing stage, the 

pulp production stage, the printing paper production stage, the distribution of printing 

paper stage, the incineration and landfill stage and the waste paper collection stage. 

The results of the CO2 emission for life cycle of printing paper containing bagasse 

pulp were as large as that of printing paper made from 100% hardwood pulp. CO2 

emissions for printing paper containing kenaf pulp were larger than those for the other 
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kinds of printing paper. The increase in content of de-inked pulp in printing paper 

increased the consumption of fossil fuel and increased of CO2 emissions from fossil 

fuel. 

 

                3)  Life cycle assessment of paperboard packaging produced in Thailand. 

 

          Aruneea Ongmongkolkul studied the life cycle assessment of paperboard 

boxes in a medium size factory in Thailand. The functional unit of this study was one 

ton of paperboard box which was made from Eucalytus pulp and old corrugated 

cardboard (OCC). The system boundary was divided into 26 unit processes: tree 

growing and logging, log transportation, chipping and kraft pulp production, pulp 

transportation, repulping, deflaking, high-density cleaning, turbo-spectro cleaning, 

light-density cleaning, thickening, refining, paper forming, paper pressing, paper pre-

drying, paper sizing, paper post-drying, paper calendaring, paper reeling and rewiring, 

paperboard transportation, box production, box transportation, OCC transportation in 

collection and sorting, OCC transportation and landfill. The summarized of factory 

data was dry unbleached pulp 192 kg, dry bleached pulp 11.5 kg, OCC 1,104 kg, 

deformer 0.3 kg, sizing agent 3.8 kg, dye 2 kg, alum 42.2 kg, water 6.2 m3, bunker oil 

16.5 kg, electricity consumption 472.76 kWh, suspended solid 46.7 kg, COD 76.2 kg, 

BOD 18.6 kg, TKN 0.2 kg, Nitrate 0.1 kg, Phosphorus 75 g, wire 18.4 kg, plastic 7.4 

kg and sand 5.2 kg. The environmental impacts were classified under six headings: 

global warming, acidification, eutrophication, photochemical, ozone formation and 

solid waste generation. 

 

The results showed that landfill was the main source of CH4 and NH3 emission 

which impact on global warming, acidification and smog formation. Eutrophication 

mostly comes from the substances containing nitrogen and phosphorus remaining in 

the paperboard. During landfill, nitrogen and phosphorus are released as ammonia and 

phosphates and contaminated the water and soil. In box production, there is solid 

waste generation of about 65%. The major source of energy consumption is the paper 

pre-drying process. 
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                Regarding research in general on alternative raw materials for pulp and 

various papers, it can be concluded that the most research is focused on pulp 

production by using NaOH in open system because it can be applied to local industry. 

 

                In life cycle assessment research, the results will be different depending on 

goal definition and scope of study 

 

                The subject of the present study, then, is Sa paper production and 

environmental assessment by LCA. This research deals with two topics: “Clean 

technology for Sa pulp and paper production” and “Life cycle assessment of 

paperboard packaging produced in Thailand”. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 
        In this research, the author determines the methodology and the steps of process 

as outlined in the following graph. 

 

 
Setting goal definition and scope definition of the study  

 

Site selection of the study  

 

Setting stages in the whole life cycle  

 

 Collecting data  
 

 
Modeling of the detailed unit process 

 

 
Modeling of the obtained data in SimaPro program  

 
Assessing the obtained result  

 

Conclusion and Suggestion  

 

 

Figure 3-1  Flow chart of research steps 
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3.1  Goal and scope definition of the study 
 

        3.1.1  Goal definition 

 

                The goal of the study is the analysis the environmental impact potentials of 1 

ton of Sa paper production in northern of Thailand. 

 

        3.1.2  Scope definition 

 

                The scope of study is to analyze the environmental impact potential of 1 ton 

of Sa paper production. The assessment deals with the production of raw materials 

through to disposal.  

                 

3.2  Stages in the whole life cycle 
 

        3.2.1  Production of raw materials 

 

                Production of materials goes from the extraction of raw material from the 

earth until raw material manufacturing.  

 

        3.2.2  Transportation of raw materials 

 

                Transportation means transportation of key factor for Sa paper production 

excluding the transportation of the paper to users. Table 3-1 shows transportation data.  

 

3.2.3  Sa paper production 

 

                Sa paper production goes from production until packaging for transportation. 
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Table 3-1  Transportation data in Sa paper production 

 

Raw material Type of vehicle Average distance (km.) 

Po Sa bark truck 200 

Chemical truck 18 

Gas motorcycle 0.833 

Fire wood pick-up 1.5 

 

        3.2.4  Disposal 

 

                Disposal is waste treatment in Sa paper production. It was assumed that 

recycled pulp is zero as a functional unit and used Sa paper treatment is as landfill. 

 

3.3  The site selection for this study 
 

        3.3 1  Factory information  

 

                The hand-made paper factory, in this study, was Nheun Po-kra-dat-sa which 

is located in Doi Sa Get, Chiang Mai province. It produces white and flower-patterned 

Sa paper. It operates 317 days per year and has a capacity of about 95,100 sheets per 

year. The raw material is Po Sa bark. The amount of Po Sa bark is about 7,780 tonnes 

per year, NaOH 622.4 kgs per year, H2O2 622.4 kgs per year and water 343.99 m3 per 

year. The energy in this case is obtained from firewood, gas and electricity. 

 

                For environmental management, waste water is released to one of the three 

ponds before being released to the waterway.  

 

        3.3.2  Sa paper production 

 

                Sa paper production goes from soaking until packaging as shown in figure 3-

2. Input and output of Sa paper production are shown in figure 3-3. 
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Soaking 

Cooked Washing 

Bleaching 

   Cooking 

 

 
Bleached Washing 

 

 
Refining  

 

 Paper forming 
 

 
Drying  

 

 
Packaging 

 

 

 

 

Figure 3-2  Processes of Sa paper production 
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Po Sa bark 

Soking 
 
 

Black liquor, 
Water, NaOH, Firewood                                                                   Vapour, Flue gas,  
           Solid waste 

Cooking 

 
 
Water         Waste water, Solid  
         waste 

Cooked washing 

 
 
Water, H2O2, LPG gas     Waste water,  Bleaching 

Vapour, Flue gas, 
Solid waste 
 

Water         Waste water, Solid  
         waste 

Bleached washing 

 
 
Water         Waste water, Solid 
         waste 
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Water         Waste water Forming 
 
 
 
 Drying 
 
 
 
 
 
Figure 3- 3  Input and output of Sa paper production 
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                1)  Soaking 

 

                        The raw material for Sa paper production is Po Sa. 25 kgs of Po Sa is 

soaked in 200 liters steel drum overnight. The life time of a steel drum is 5 years. Po 

Sa come from Prae province. The distance of transportation is about 200 kilometer 

(km) by truck. Since there is no information about truck. It is assumed that the truck 

used in Thailand is quite similar to a European diesel engine. Equally, with Po Sa, 

there is no information so it is assumed that Po Sa growing and harvesting is quite 

similar to cottonwood which is imported from West Africa, South Asia and Australia.  

 

                2)  Cooking 

 

                        After soaking, Po Sa is cooked with 8% NaOH of Po Sa weight at 100 

degree celsius (OC) for 2-3 hours (hrs) in 200 liter steel drum. The fuel used is 

firewood about 27 kgs per batch. Because there was no information about the NaOH 

and the steel used in this factory, it was assumed that NaOH production is similar to 

NaOH production in Western Europe and that steel production is the same as in the 

Netherlands. 

 

                3)  Cooked washing 

 

                        The pulp is washed 3 times in cement pond. There are 2 alternative 

ponds. The size of the pond are 100 centimeter (cm) x 50 cm height. 

 

                4)  Bleaching 

 

                        The pulp is bleached with chemical in a steel drum. The bleaching 

condition is 8% H2O2 of dry weight pulp for 1-2 hrs at 100OC. The fuel is LPG gas. 

Due to lack of information about the LPG gas, it was assumed that the LPG gas is 

similar to European LPG. 
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                5)  Bleached washing 

 

                        The pulp is washed once. The size of pond is the same as that used in 

the cooked washing. 

 

                6)  Refining 

 

                        The pulp is refined by machine. The capacity of the machine is 80 liters 

and the electricity usage is 1.5 kWh/unit. The refining time is about 30 minutes. 

Electricity data was obtained from the electricity corporation of Thailand and the share 

of electricity production is shown in table 3-2. 

 

Table 3-2  Share of electricity  type 

 

Type of plant % share 

Hydro power plant 7.78 

Thermal power plant 30.27 

Coal fired power plant 22.84 

Combined cycle power plant 37.41 

Gas turbine power plant 1.69 

Diesel power plant 0.004 

Total 100 

Source: Varabuntoonvit, 2002 and Chomkumsri, 2003 

 

                7)  Paper forming 

 

                        Paper forming is done in ponds with the touching method. The 

dimension of these ponds is 66x90x10 cm. There are 4 ponds. The frame for forming 

is made of wood and nylon and its life time is 5 years. The dimension of the frame is 

50x75cm.  
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                8)  Drying 

 

                        The pulp is dried by sunlight only. 

 

                9)  Packaging 

 

                        Packaging is plastic bag and paper box. There was no data to assess 

packaging. 

 

3.4  Collecting data  
 

        3.4.1  Actual data 

 

                Data was collected from the Sa paper production factory on the amount of 

Po Sa, water, energy, chemical and electricity used. This is shown in table 3-3. The 

descriptions and characteristics of each unit process were collected as follows: 

 

Table 3-3  Key factor in 1 ton of Sa paper production 

 

Key factor Amount unit 

Po Sa  2.272 ton/ton paper 

Water 100.459 m3/ton paper 

Chemical 354.545 kg/ton paper 

Firewood 2454.537 kg/ton paper 

Gas 2545 g/ton paper 

Electricity 568.182 kWh/ton paper 

 

        1)  Raw material and resource use 

 

                The data was collected by discussion and observation. The database was 

used to assess the amount of raw materials and resource used in each unit process. 
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        2)  Electricity consumption 

 

                The electricity consumption, type of machine and the number of machine 

were discussed with owner. The data on electricity consumption came from 

calculations based on these discussions. 

 

        3)  Energy use 

 

                The production used wood and natural gas as fuel. The data on wood and 

natural gas used were collected and recorded by the owner. 

 

        4)  Waste water and solid waste generation 

 

                Waste water from all unit process were collected by grab sample. The 

samples were analyzed for parameter such as BOD, COD, SS, Phosphorus and 

Nitrogen. The volume of waste water was measured by measurement and calculation.  

 

        3.4.2  Related documentary data 

 

                These data are on the production usage of water and electricity in terms of 

both resource use and environmental load. 

 

        3.4.3  Program database 

 

                Where there was data missing because of unavailability, substitute data was 

obtained from the program database with comparable data such as data on production 

of raw materials, data on diesel trucks and data on disposal. The details of the database 

that was used in this study are shown in the appendix. A summary of the data is shown 

in table 3-4. 
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Table 3-4  A summary of the data 

 

Unit process Factory Related 

document 

Sima Pro database 

equivalent 

Production of raw materials    

- electricity (kWh/ton paper) 

- water (m3/ton paper) 

- pulp (ton/ton paper) 

- chemical (kg/ton paper) 

- firewood (kg/ton paper) 

- gas (g/ton paper) 

- steel (kg/ton paper) 

- frame (kg/ton paper) 

- nylon (kg/ton paper) 

 

 

2.272 

354.545 

2,454 

2,545 

0.1856 

0.918 

0.082 

568.182 

100.459 

 

 

 

Cottonwood I 

NaOH ETH S 

Logs to stock S 

LPG I 

Steel I 

Teak I 

PA GF30 I 

Transportation    

- average distance (in table 3-1) 

- truck 

- motorbike  

×   

Truck 16t B250 

Motorbike I 

Sa paper production ×   

Disposal 

- landfill 

   

Landfill Paper B250 

 

 

3.5  Modeling of the detailed unit process 
 

        The next step was to prepare a flow diagram of the unit process. All data 

collected was inputted in each unit process. Each unit process was linked into the 

system boundary. 
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3.6  Modeling of the obtained data in SimaPro program 
 

        In this step, all data inventories were entered into the SimaPro program. All 

substances in the inventory were transformed into the unit in order to summarized into 

impact categories. The results show the environmental impact potentials. For this 

study, six environmental impact categories were determined as follow: 

 

        Global warming potential in terms of  gram CO2-equivalent 

        Ozone depletion potential in terms of  gram CFC11-equivalent 

        Acidification potential  in terms of gram SO2-equivalent 

        Eutrophication potential  in terms of gram NO3-equivalent 

        Photochemical smog potential in terms of gram ethene-equivalent 

        Resources (all)   in terms of kilogram  

       

3.7  Assessing the obtained results 
 

        The results of the study are showed the environmental impact potentials for life 

cycle of 1 ton Sa paper. What each process contributes to the impact potentials and the 

amount of its contribution was assessed. 

 

3.8  SimaPro 5.1 program 
 

        SimaPro 5.1 program was developed by Pre’Consultants, Netherland. The 

objective of this program is to study life cycle assessment of product or service. 

SimaPro automatically calculates the results in characterization, normalization and 

evaluation step based on the LCA methodology. The program uses many libraries for 

collected data such as BUWAL 250, Data Archive, Dutch Input Output Database 95, 

ETH-ESU 96 System process, ETH-ESU Unit process, IDEMAT 2001, Industry data. 
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        3.8.1  Steps of processing 

 

                Steps of processing in the SimaPro program can be summarized a follow; 

                1)  Goal and scope definition  

 

                        Goal and scope definition are to determine goal and scope of study. 

 

                2)  Data collection 

                    

                        Data collection comes from Sa production, related documents and the 

database program. 

 

                3)  Impact assessment 

 

                        Impact assessment is a step to assess impacts by standard methods such 

as Eco-indicator 95, Eco-indicator 99, EDIP, EPS 2000. 

 

                        In this program, there are six main impact categories:  

                        -  Raw materials 

                        -  Airborne emissions 

                        -  Waterborne emissions 

                        -  Solid emissions 

                        -  Emissions to soil 

                        -  Non material emissions 

 

        3.8.2  Eco-indicator method 

 

                Impact assessment with Eco-indicator 99 has the following steps for 

assessment: 

 

                -  Characterization is designed to calculate the contributions of raw 

materials, energy or component in products to various impact categories e.g. global 
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warming, ozone depletion, photochemical smog, etc. The impact potentials for the 

product are the sums of the impact potential for the emissions occurring throughout 

the product system. 

                -  Damage assessment is designed to interpret data as to the main impacts on 

human health, ecosystem quality and resources. 

                -  Normalization is designed to assess the contribution of each impact 

potential relative to total impact. 

                -  Weighting is designed to determine which of the environmental impacts 

and resource uses are the most important. The weighting factor is decided by the 

assessor. 

                -  Interpretation is designed to draw conclusions from the results of LCI and 

the impact assessment and to make recommendations in line with the goal and scope 

definitions. 

 

        3.8.3  EDIP method 

 

                The EDIP method was developed in Denmark It consists of classification, 

characterization, normalization and weighting. The result of the method is showed as a 

single score. 

 

                The following impacts included in SimaPro 5.1 were determined:  

                -  Global warming 

                -  Ozone depletion 

                -  Acidification 

                -  Eutrophication 

                -  Photochemical smog 

                -  Ecotoxicity water chronic 

                -  Ecotoxicity water acute 

                -  Ecotoxicity soil chronic 

                -  Human toxicity air 

                -  Human toxicity water 

                -  Human toxicity soil 
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                -  Bulk waste 

                -  Hazardous waste 

                -  Radioactive waste 

                -  Slag/ashes 

                -  Resources (all) 

 

                The EDIP method comprises three elements in accordance with the 

framework: 

 

                -  Characterization 

 

                        The purpose of the characterization step is to calculate contributions to 

various impact categories. Calculation of the potential contributions from an emission 

to and environmental impact requires a knowledge of how strongly the substances 

emitted contribute to the type of environmental impact in question. 

 

                        The substance’s impact potential is expressed in the form of an 

equivalent factor. Substances which can contribute to more than one type of 

environmental impact have an equivalency factor for each type of impact. 

 

                                            EP(j) = ∑ (Qi x EF(j)i)                                                 (1) 

Remark 

EP: Environmental impacts potentials 

Q  : Quality of substance 

EF: Substance’s equivalency factor 

j   : Environmental impact categories 

i   : Emission of the substance 

                -  Normalization 

 

                        The purpose of normalization is to provide an impression of the relative 

magnitudes of the potential impacts and resource consumptions and to present the 

results in a form suitable for the final weighting and decision-making. 
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                        The normalization references are calculated on the basis of an inventory 

of all of society’s activities over a period of time which must be the same as the 

duration of the product’s service, as defined in the functional unit. 

 

                        The impact potentials of the actual emissions per person from society’s 

activities in the reference year 1990 are used as normalization references for the 

environmental impact potentials. 

                                  NEP(j) = EP(j) x        1                                                        (2) 

                                                                   T x ER(j)90

 

                                     ERj90 =       EPj90 

                                                        POPj90

 

Remark  

NEP    : The normalized environmental potentials 

EP       : The environmental impact potentials 

ER       : The normalization reference for impact category for specific area 

T          : Time of functional unit 

ER90     : Environmental impact potentials in the reference year 1990 

POPj90  : Population in year 1990 

 

                -  Weighting 

 

                        The weighting factor for an environmental impact must reflect the 

seriousness of the effect potentially being caused by the impact and the possible 

consequences of this effect relative to the other environmental effect and the actual 

condition of the environment. In the SimaPro program using from environmental data 

from Europe, the weighting factor is one of thousand of deaths per year. 
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WEP(j) = WF(j) x NEP(j)                                                    (3) 

 

WEP(j) =    ER(j)90    x    EP(j)      x    1                              (4) 

                            ER(j)T2000      ER(j)90         T 

 

   WEP(j) =     EP(j)           x      1 

                                                       ER(j)T2000          T 

Remark 

WEP        : The weighted environmental impact potential 

WF           : Weighting factor 

ER(j)T2000 : The environmental impact potential of the target in the year 2000   
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  CHAPTER IV 

RESULTS OF STUDY AND DISCUSSION 

 
        After entering into the program inventory data which had been collected from the 

factory, from related documents and from the program database the results of the study 

are shown as followings:  

 

4.1 Sa paper production 

                                                                 

        In the key factor comparison of the case study and the reference study (which is 

from other research dealing with Sa paper production) in table 4-1 it is shown that the 

amounts of all key factors of the reference for which figures were available was higher 

than in the case study, with the exception of electricity which was marginally lower in 

the reference.  

 

Table 4-1  The comparison of key factors of the case study and the reference 

 

Key factor Amount Reference1 Unit 

Po Sa  2.272 2.911 ton/ton paper 

Water 100.459 451 m3/ton paper 

Chemical 354.545 414 kg/ton paper 

Firewood 2454.538 - kg/ton paper 

Gas 2545 - g/ton paper 

Electricity 568.182 567 kWh/ton paper 

 

Remark 1: Phapong, 2001 (see detail in 2.9.1) 
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The possible causes are as the following: 

 

1)  The amount of Po Sa bark used differed because of different experiences, skills and 

techniques. 

2)  The amount of water in the reference was higher because the pond for soaking and 

paper forming was larger. 

3) The amount of chemical differed because the chemicals used varied with the 

amount of Po Sa bark. 

 

4.2  Life cycle inventory analysis 
 

        Life cycle inventory analysis is an abstraction of all the processes which are 

determined in the goal and scope of study. The result of these is a quantities list of 

material and energy inputs to, and product and discharge outputs from, a specified 

system.  

 

        From the table 4.2 giving information that the inventory data from Sa production 

is difference from the paperboard production. Have a close look at the key substances 

such as the CO2, we found that the Sa production produce CO2 3 times more than the 

other. However, the results are vary by the scope of the research, the data analysis, and 

the production procedure. The results of the inventory data regarding the effects on 

impact potential are shown in table 4-3. 

 

Table 4-2  Comparison of inventory data from Sa paper and paperboard production 

 

Substance unit Total inventory data 

from Sa paper 

production 

Total inventory data 

from paperboard 

production 1

Raw materials    

Air kg 1.01 63.7 

 

 



Ranaya Chindatat                                                                               Results of Study and Discussion / 52 

Table 4-2  Comparison of inventory data from Sa paper and paperboard production  

     (cont.) 

 

Substance Unit Total inventory data 

from Sa paper 

production 

Total inventory data 

from paperboard 

production 1

Coal lb 145 10.36 

Crude oil g 134 65400 

Energy from hydro 

power 

MJ 1.72 7.72 

Iron (in ore) kg 4.3 628E-9 

Lead (in ore) g 9.34 0.0388 

Natural gas lb 210 27.778 

Pot. Energy 

hydropower 

MJ 20.9 1.88 

Water kg 1.49E5 10300 

Wood g 8.49 66.8 

    

Emission to air    

Aldehydes mg 6.11 1420 

Ammonia g 22.8 2190.89 

Benzene g 12.7 0.259 

Butane g 5.31 2.33 

Cadmium mg 16.8 12.8 

Carbon monoxide oz 133 26.24 

Carbon dioxide kg 790 329 

Copper mg 104 64.9 

CxHy oz 43.8 31.25 

Dust g 66.9 19.8 
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Table 4-2  Comparison of inventory data from Sa paper and paperboard production  

     (cont.) 

 

Substance Unit Total inventory data 

from Sa paper 

production 

Total inventory data 

from paperboard 

production 1

Dust (course) g 317 107 

Ethane g 4.18 3.3 

Formaldehyde g 8.06 1.25 

Halon-1301 mg 28.6 1.79 

HCI g 122 5.11 

Hexane g 2.26 0.833 

Metals mg 603 2,710 

Methane g 881 33,475 

N2O mg 52.8 10,500 

Non methane VOC oz 70.1 9.03 

NOx oz 36.6 87.52 

Sulphur dioxide g 632 1,183 

Sulphur oxide g 5.53 16.2 

PAH’s mg 25.2 0.000666 

VOC g 2.91 31.3 

Zinc mg 564 15.6 

    

Emission to water    

Anorg.dissolved 

subst. 

g 518 147 

AOX mg 16.1 10.9 

BOD kg 508 20.32 

COD kg 2.17E3 83.01 
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Table 4-2  Comparison of inventory data from Sa paper and paperboard production  

     (cont.) 

 

Substance unit Total inventory data 

from Sa paper 

production 

Total inventory data 

from paperboard 

production 1

Chromium mg 24 91.9 

Crude oil g 1.14 11.9 

CxHy mg 896 32,000 

Cyanide mg 34.1 1.46 

Dissolved 

substances 

g 57.4 472 

DOC mg 254 17.6 

Fats/oil g 61.5 0.0192 

Kjeldahl-N mg 699 231,000 

Metallic ions g 7.66 3.24 

N-tot g 648 2.75 

NH4
+ oz 51.2 0.0211 

Ni mg 655 3.09 

Oil g 25.3 11 

PAH’s mg 55.5 4.89 

Pb mg 942 2.87 

Phosphate g 21.7 0.0281 

Sulphate oz 150 0.356 

Sulphates g 5 143 

Suspended solids kg 121 51 

Suspended 

substances 

g 105 140 

TOC oz 82.4 2.148 

Toluene mg 465 185 
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Table 4-2  Comparison of inventory data from Sa paper and paperboard production  

     (cont.) 

 

Substance unit Total inventory data 

from Sa paper 

production 

Total inventory data 

from paperboard 

production 1

Waste water (vol) m3 1.61E6 0.0308 

Zinc g 2.66 0.0074 

    

Solid emission    

Mineral waste g 37.3 253 

Mineral waste 

(mining) 

mg 738 556 

Slag g 3.46 0.361 

    

Emission to soil    

P-tot g 3.99 0.378 

    

Non material 

emission 

   

Heat losses to soil kJ 14 827  

Heat losses to 

water 

kJ 438 239  

Land use II-III m2a 23.5 2.48 

Land use II-IV m2a 70.1 0.295 

Land use III-IV m2a 0.668 0.126 

Lane use IV-IV cm2a 70.1 5,130,000 

 

Remark 1: Ongmongkolkul, 2001 (see detail in 2.9.2) 
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4.3  Life cycle impact assessment 
 

        Life cycle impact assessment is a technical, quantitative and/or qualitative 

process to characterize and assess the effects of the environmental burdens identified 

in the inventory analysis component. In this study, the impact was assessed in Sima 

Pro 5.1 program by Eco-indicator 99 and EDIP method. The environmental impact 

potentials have been focused were on as follows: 

 

1) Global warming potential 

        2)  Ozone depletion potential 

        3)  Acidification potential 

        4)  Eutrophication potential 

        5)  Photochemical smog potential 

        6)  Resource (all) 

 

        Using the EDIP method, the figures for impact categories are summarized in 

table 4-3.  

 

Table 4-3  The impact potential in the whole life cycle of Sa paper production 

 

Impact potential Unit Amount Reference 1

Global warming potential g CO2-eq 8.47E5 7E5 

Ozone depletion g CFC11-eq 0.527 - 

Acidification g SO2-eq 7.12E3 8.02E3 

Eutrophication g NO3-eq 1.96E4 3.26E3 g PO4-eq 

Photochemical smog g ethene-eq 165 710 

Resources (all) Kg 0.0191 - 

         

Remark 1: Ongmongkolkul, 2001 
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        With the EDIP method, the results showed that paperboard production in the 

interest of ozone depletion and all other resources would not mansion to those 

information.  

 

        From the data that can be compared between the two productions, the only impact 

potential that Sa paper production has over paperboard production is global warming 

potential, which has 1.47 g CO2-eq more. However, there is one impact potential 

which is eutrophication, that can not conclude because the data is not shown in the 

comparable unit. 

 

        The paperboard production has greater contribution to impact potential than Sa 

paper production in term of acidification and ,especially, photochemical smog. The 

considered amount of photochemical smog, 710 g ethene-eq, from paperboard 

production is much more than 165 g ethene-eq from Sa paper production, therefore 

acidification is slightly more only 0.9 g SO2-eq while Sa paper production produces 

7.12 g SO2-eq. 

 

        In table 4-4 is shown share of environmental impact in each stage and is shown 

that Sa paper production stage is contributed the most environment impact except 

disposal stage contributes to eutrophication potential. 
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Table 4-4  Share of environmental impact in each phase 

 

Impact potential Stage % Share Key factor1

Sa paper production 48.8 NaOH ETH S 38.2% 

Production of raw materials 20 Landfill paper 23.3% 

Disposal 23.3 Coal power plant 21.5% 

 

 

Global warming potential 

Transportation 7.83 Heat diesel B250 7.83% 

Sa paper production 46.6 NaOH ETH S 72% 

Production of raw materials 45.7 Logs to stock S(paper)  

20.4% 

Transportation 6 Heat diesel B250 6% 

 

 

Ozone depletion potential 

Disposal 1.66 Landfill paper 1.66% 

Sa paper production 44 NaOH ETH S 32.2% 

Production of raw materials 24.7 Landfill paper 19% 

Disposal 

 

19 Logs to stock S(paper) 

16.9% 

Coal  power plant 14.5% 

 

 

 

Acidification potential 

Transportation 12.3 Heat diesel B250 12.3% 

Disposal 

 

55.6 Landfill paper 55.6% 

Sa paper production 29.3 Logs to stock S(paper) 

10.1% 

Transportation 7.81 Heat diesel B250 7.81% 

 

 

Eutrophication potential 

Production of raw materials 7.34  

Sa paper production 51.6 Logs to stock S(paper) 

71.7% 

Production of raw materials 

 

39.7 Sinter,pellet  9.15% 

Transportation 

 

6.96 NaOH ETH S 7.39% 

 

 

 

Photochemical smog 

potential 

Disposal 

 

1.7 Heat diesel B250 6.95% 

Landfill paper 1.7% 

Sa paper production 70.3 NaOH ETH S 29.8% 

Production of raw materials 24.2 Natural gas I 25.4% 

Transportation 

 

4.09 Logs to stock S(paper) 

18.5% 

 

 

 

Resources (all) 

Disposal 

 

1.38 Crude lignite 6.53% 

Crude oil I 5.89% 

 

Remark 1: The detail of key factors are in the appendix. 
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Table 4-5  The amount of impact categories in each phase 

 
Impact 

potential 

Unit Total Production of 

raw materials 

Sa paper 

production 

Transportation  Disposal 

Global 

warming g CO2 8.47E5 1.7E5 4.13E5 6.64E4 1.98E5 

Ozone 

depletion g CFC11 0.527 0.241 0.246 0.0316 0.00875 

Acidification g SO2 7.12E3 1.76E3 3.13E3 876 1.35E3 

Eutrophication g NO3 1.96E4 1.44E3 5.74E3 1.53E3 1.09E4 

Photochemical 

smog g ethene 165 65.7 85.4 11.5 2.81 

Resources (all) kg 0.0191 0.00462 0.0134 0.00078 0.000264 

 

        The environmental impact of 1 ton Sa paper in the whole life cycle is summarized 

as follows; 

 

        4.3.1  Global warming potential 

 

                Tables 4-4, 4-5 and figure 4-1, it can be seen that Sa paper production 

contributes to global warming potential. It contributes at 4.13E5 g CO2-eq or 

48.8%.The emissions of CO2, N2O and methane are 91.9%, 3.19% and 2.38% 

respectively.  The key factors are NaOH ETH S (chemical for Sa paper production) 

38.2%, landfill paper 23.3% and coal power plant (electricity for Sa paper production) 

21.5%. In Sa paper production, the impact potential of global warming is mainly 

contributed from refining. 

 

        4.3.2  Ozone depletion potential 

  

                Tables 4-4, 4-5 and figure 4-2 show that the impact of ozone depletion 

potential is contributed to by Sa paper production. It contributed at the amount of  
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Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

NaOH ETH S 38.2 %

landfill paper 23.3 %

coal pow er plant 21.5 %

Heat diesel B250 7.83 %

Logs to stock S(paper) 1.86 %

Furnace gas B 1.77 %

Crude coal B 1.59 %
Crude lignite 1.04 %
Coke S 0.898 %
Crude oil I 0.569 %
Natural gas B 0.243 %
Iron 0.206 %
Electricity UCPTE High Voltage 0.12
Sinter, pellet 0.12 %
Remaining processes 0.689 %

 
 

Figure 4-1  Key factor of global warming potential 

 

0.246 g CFC-eq or 46.6% of the total contribution. This comes from NaOH ETH S 

72%, Log to stock S (paper) 20.4% (firewood), Heat diesel B250 (energy from diesel) 

6% and Landfill paper 1.66%. Cooking, Sa paper production, mainly contributes to 

ozone depletion and the key factors are NaOH ETH S 78.1% and Logs to stock S 

(paper) 21.8%. The most important contributor to ozone depletion potential in Sa 

paper production is tetrachloromethane (57%). 

 

        4.3.3  Acidification potential 

  

                Tables 4-4, 4-5 and figure 4-3 show that the Sa paper production contributes 

to acidification. It contributes at 44% or 3.13E3 g SO2-eq. Almost 46% or 3.23E3 g  

SO2 of the total acidification potential is due to SOx (as SO2). The key factors are 

NaOH ETH S 32.2%, Landfill paper 19%, Logs to stock S (paper) 16.9% and Coal 

power plant 14.5%.  
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Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

NaOH ETH S 72 %

Logs to stock S(paper) 20.4 %

Heat diesel B250 6 %

landfill paper 1.66 %
Electricity UCPTE High Voltage 0.01
Electricity UCPTE oil I 0.00108 %
Remaining processes 0.00066 %

 
 

Figure 4-2  Key factor of ozone depletion potential 

 

 

Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

NaOH ETH S 32.2 %

landfill paper 19 %

Logs to stock S(paper) 16.9 %

coal pow er plant 14.5 %

Heat diesel B250 12.3 %

Crude lignite 1.09 %
Coke S 1.03 %
Crude oil I 0.596 %
Sinter, pellet 0.57 %
Crude coal B 0.296 %
Iron 0.284 %
Bulk carrier I 0.276 %
Furnace gas B 0.17 %
Natural gas B 0.147 %

LPG I 0.116 %
Remaining processes 0.495 %

 
 

Figure 4-3  Key factor of acidification potential 
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 4.3.4  Eutrophication potential 

 

                Tables 4-4, 4-5 and figures 4-4 show that eutrophication potential is 

contributed to by disposal. It contributes at the amount 1.09E4 g NO3-eq or 55.6% of 

total potential. The factors are Landfill paper 55.6%, Logs to stock S (paper) 10.1%, 

Heat diesel B250 7.81%. 
   

 

Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

landfill paper 55.6 %

Logs to stock S(paper) 10.1 %

Heat diesel B250 7.81 %
07(w ashing1) 7.59 %

coal pow er plant 5.77 %

NaOH ETH S 4.48 %

02(cooking) 3.13 %

03(w ashing1) 1.9 %

08(refining) 1.08 %
05(w ashing3) 0.475 %
Crude lignite 0.409 %
Crude oil I 0.394 %
Furnace gas B 0.312 %
Sinter, pellet 0.162 %
Crude coal B 0.139 %
06(bleaching) 0.127 %

04(w ashing2) 0.0949 %
Coke S 0.0898 %

Bulk carrier I 0.0879 %
09(paper forming) 0.0633 %

Diesel engine truck B 0.056 %
LPG I 0.0543 %

Remaining processes 0.164 %

 
 

Figure 4-4  Key factor of eutrophication potential 

 

 4.3.5  Photochemical smog potential 

 

                Tables 4-4, 4-5 and figure 4-5 show that the impact of photochemical smog 

potential contributed to by Sa paper production. It comes from Log to stock S (paper) 

71.7%, Sinter,pellet (raw material for iron production) 9.15%, NaOH ETH S 7.39% 
and Heat diesel B250 6.95% at the amount 165 g ethene or 51.6% of total potential. 

 



Fac. of Grad. Studies, Mahidol Univ.                 M.Sc. (Technology of Environmental Management) / 63 

Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

Logs to stock S(paper) 71.7 %

Sinter, pellet 9.15 %

NaOH ETH S 7.39 %

Heat diesel B250 6.95 %

landfill paper 1.7 %
Iron 0.915 %
Coke S 0.678 %
Steel I 0.562 %
Crude lignite 0.377 %
Crude coal B 0.177 %
coal pow er plant 0.0597 %
Diesel engine truck B 0.0589 %

Remaining processes 0.238 %

 
 

Figure 4-5  Key factor of photochemical smog potential 

 

Analyzing 1 p life cycle 'LCA of paper';  Method: EDIP/UMIP 96 /  EDIP World/Dk / characterization

NaOH ETH S 29.8 %

Natural gas I 25.4 %

Logs to stock S(paper) 18.5 %

Crude lignite 6.53 %

Crude oil I 5.89 %

Heat diesel B250 4.09 %

Crude coal B 2.34 %

landfill paper 1.38 %
Natural gas B 1.28 %
Scrap (Stainless st) I 1.15 %
Nickel I 1.09 %
Crude coal bj 1.08 %
LPG I 0.535 %
Steel I 0.367 %
Diesel I 0.195 %
PA 6 I 0.0719 %
Electricity UCPTE High Voltage 0.066
Remaining processes 0.234 %

 
         

Figure 4-6  Key factor of resources (all) 
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        4.3.6  Resources (all) 

 

                Tables 4-4, 4-5 and figure 4-6 show that the many resources are used in Sa 

paper production. It contributes at the amount of 0.0134 kg or 70.3% of total potential. 

The major resource used is NaOH ETH S 29.8%, Natural gas I 25.4%, Log to stock S 

(paper) 18.5%, Crude lignite 6.53% and Crude oil I 5.89%. 

 

               Using Eco-indicator 99 with single scores, the results showed that Sa paper 

production contributed the greatest environmental impact (37.6 pts). Following this 

were the stages of  production of materials, transportation and disposal.(Figure 4-7) 

 

Analyzing 1 p life cycle 'LCA of paper';  Method: Eco-indicator 99 (H) /  Europe EI 99 H/A / single score

Pt

0

10

20

30

40

Production of materials Sa paper production Transportation Disposal

Human Health Ecosystem Quality Resources

16.4

37.6

6.6

5.05

 
 

Figure 4-7  Environmental impact of each stage 
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        In Sa paper production, the results show that the refining, the cooking and the 

bleached contribute the highest environmental impacts at the amounts of 19.1, 16.1 

and 0.588 pts respectively, which come from the energy in the process such as 

electricity, firewood and LPG (Figure 4-8).  

 

Analyzing 1 p assembly 'All process';  Method: Eco-indicator 99 (H) /  Europe EI 99 H/A / single score

Pt

0

5

10

15

20

01(soking) 02(cooking) 03(w ashing1
)

04(w ashing2
)

05(w ashing3
)

06(bleaching
)

07(w ashing1
)

08(refining) 09(paper
forming)

10(drying)

Human Health Ecosystem Quality Resources

0.054

16.1

0.218
0.439 0.435 0.588 0.44

19.1

0.155 0.00511

 
 

Figure 4-8  The environmental impact of Sa paper production 
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        According to table 4-6, the impact potential can be summarized by EDIP method 

as following: 

        

                -  Global warming potential 

 

                The refining process contributes mostly to global warming potential. The 

significant input is electricity and the total gas emission is 1.97 E g CO2.  

 

                -  Ozone depletion potential 

 

                The impact of ozone depletion potential is contributed by the cooking 

process. Tetrachloromethane which is mostly emitted from NaOH production 

contributes at the amount of 57.4% of total contribution. 

 

                -  Acidification potential 

  

                The cooking process which emits SOx (as SO2) contributes to acidification 

potential. It contributes at 58.1% or 1.02E3 g SO2. The impact comes from NaOH 

production. 

 

                -  Eutrophication potential 

 

                NOx (as NO2) is emitted from firewood combustion in cooking process. It 

contributes at 64.5% or 1.32E3 g NO3. 

 

                -  Photochemical smog potential 

 

                The cooking process contributes to photochemical smog. Emissions of CO, 

toluene and methane are 42.2, 13.2 and 2.68 g ethene respectively which come from 

firewood combustion. 
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                -  Resources (all) 

 

                Used electricity is the significant factor which contributes to resource used. 

The most of resource used are natural gas, lignite and crude oil. They contribute at 

0.00494, 0.0125 and 0.00105 kg.  

  

                The key factors of Sa paper production are Natural gas I (26.8%), Log to 

stock S (paper) (23.5%) and NaOH ETH S (19.5%). These are raw materials for Sa 

paper production as shown in figure 4-9. 

 

Analyzing 1 p assembly 'All process';  Method: Eco-indicator 99 (H) /  Europe EI 99 H/A / single score

Natural gas I 26.8 %

Logs to stock S(paper) 23.5 %

NaOH ETH S 19.5 %

Crude oil I 11.3 %

coal pow er plant 10.6 %

Natural gas B 2.06 %

Crude lignite 1.17 %

Crude coal B 1.13 %

LPG I 1.11 %
Sinter, pellet 0.395 %
Coke S 0.393 %
Diesel I 0.372 %
Furnace gas B 0.346
Crude coal bj 0.33 %
Cement (Portland) I 0
Iron 0.129 %
Concrete I 0.116 %
Electricity UCPTE High

Iron ore 0.0896 %
Diesel engine truck B 0

Diesel B 0.0693 %
Energy gas I 0.0676 %

Remaining processes 0.26

 
 

Figure 4-9  The key factors of Sa paper production 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

 
 

        Life cycle assessment of 1 ton Sa paper which is analyzed in Sima Pro 5.1 

program by EDIP and Eco-indicator 99 can be summarized as follows :  

 

5.1  Conclusion 
 

        5.1.1  Using EDIP method with single score, the amount of environmental 

impacts in the whole life cycle of Sa paper are shown the following : 

  

                Global warming potential  847 kg CO2-eq 

                Ozone depletion potential  0.527 g CFC11-eq 

                Acidification potential  7.12 kg SO2-eq 

                Eutrophication potential  19.6 kg NO3-eq 

                Photochemical smog potential 0.165 kg ethene 

                Resources (all)   0.0191 kg 

 

        5.1.2  From the study, the Sa production contribute the most significant effect to 

the environment. It is then followed by the production of raw materials, transportation 

and disposal respectively. The refining and cooking in the Sa production line are the 

processes that contribute the most impact to the environment, as the energy and 

chemical (NaOH) are used. The key factors in Sa paper production are Natural gas I 

26.8%, Log to Stock S (paper) 23.5% and NaOH ETH S 19.5%. The Sa production's 

impact to the environment are shown as follow; 
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        1)  Global Warming potential 

 

        The refining process contributes to the global warming potential. The key factors 

are coal power plant 44%, NaOH ETH S 39.6% and Furnace gas 3.63%. 

 

        2)  Ozone depletion potential 

 

        The key factors of ozone depletion potential are NaOH ETH S 78.1% and Logs to 

stock S (paper) 21.8%. The Sa paper production, cooking process, mainly contribute to 

ozone depletion potential. 

 

        3)  Acidification potential 

 

        The cooking process contributes to acidification potential. The key factors are 

NaOH ETH S 37.1%, Coal power plant 32.9% and Logs to stock S (paper) 19.2%. 

 

        4)  Eutrophication potential 

 

         Disposal contributes to eutrophication potential. The key factor is Landfill paper 

100%. 

 

        5)  Photochemical smog potential 

 

        The cooking process contributes to photochemical smog potential. The key 

factors are Log to stock S (paper) 69.5%, Sinter, pellet 17.7% and NaOH ETH S 

7.24%. 

 

     6)  Resources (all) 

 

        The key factors are Natural gas I 36.1%, NaOH ETH S 21.5% and Logs to stock 

S (paper) 13.2%. The refining process contributes to resources (all).  
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5.2  Recommendation 
 

        5.2.1  Using the chemical and energy from burning logs, LPG and electricity are 

the source of environmental problem. The ways to reduce or prevent it are followed. 

 

        1) Refining 

 

        The use of electricity is the process's most impact to environment, because 

electricity, which generated from fossil fuels such as coal and crude oil, has led to high 

concentrations of harmful gases in the atmosphere. The government can help to reduce 

the problem by giving more support to energy's researches and studies, and also 

endorsing the use of alternative sources of clean and limitless energy in order to 

reduce the use of electricity. The factories should compare the electricity consumption 

of each process. For example, in the refining process, the energy use between high and 

low fibers process are compared. Therefore, the less energy consumption of the 

process would be introduced.  

 

        2)  Cooking 

 

        In this process, chemical and burning log are the main resources of energy. The 

use of burning log should be replaced by non-polluting source of energy e.g. sunlight, 

wind. For the environment problem of chemicals used, the government should 

encourage more on researches and studies of Sa production and also set up a factory 

prototype. Therefore, Sa production industry would have clean and green site to 

follow. For the Sa producer, it is recommended to add one important process, which is 

soften the raw material, by soaking them in the water or black liquid before the 

cooking process. 
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        5.2.2  Further research 

 

        Because data are mostly obtained from program database, the result of this study 

may not be completely and suitable for Thailand. Further researches on the following 

topics are recommended the following : 

 

        -  production of raw materials for industrial products 

        -  waste treatment from paper production  

        -  transportation data 

        -  usage of paper 
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Appendix A   

Detail of key factor from database program 
 
 
Key factor Project Category Literature 

reference 
Comment 

Natural gas 
B 

Data Archive material BUWAL 
132 (1990) 

Gas precombustion 

Furnace 
gas B 

Data Archive energy BUWAL 
132 (1990) 

Industrial gas furnace 

Crude coal 
B 

Data Archive material BUWAL 
132 (1990) 

Coal precombustion 

NaOH 
ETH S 

ETH-ESU 96 
System 
process 

material ETH-ESU 
1996 

NaOH ETH, original 
German title: 
Total aggregated system 
inventory. This is a single 
results record of the similar 
unit process. 
Production of chlorine 
from the electrolysis of salt 
with simultaneous 
production of caustic soda. 
The energy values stem 
from one early 
90's source. Process 
emissions also stem from 
an early 90's source and are 
allocated according to 
weight. Land use and 
capital goods are not 
included. 

Electricity 
UCPTE 
High 
voltage 

Data Archive energy ETH Energy 
version 2 
(1994) 

Detailed data on average 
high voltage (>24kV) 
electricity production in 
Europe (UCTPE), include 
capital goods, exploration 
of energy sources and 
transport. 
Power distribution system 
is included up to delivery 
to large industries.  Grid 
loss 0.6%. 
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Detail of key factor from database program (cont.) 
 

Key factor Project Category Literature 
reference 

Comment 

Coal power 
plant 

Paper Energy - The research  of 
Varabuntoonvit V. and 
Chomkumsri, K.  

Crude 
lignite 

IDEMET 
2001 

Material BUWAL 
132 (1990) 

Lignite precombustion 

Crude oil I IDEMET 
2001 

Material PWMI 
report 2 
Olefins 

Crude oil from Africa 36%, 
Eastern Europe 12%, 
Middle East 44% an 
remaining 7% includes 
production and 
transportation to Europe. 
HHV=45MJ/kg, 
LHV=42MJ/kg 

Heat diesel 
B250 

BUWAL 250 Energy BUWAL 
250 (1996) 

Thermal energy from 1 kg 
of Diesel. Includes detailed 
emission data for heat 
production from diesel in 
Europe, including 
production and transport of 
primary energy sources, 
excluding the infrastructure 
of the energy systems. 
Higher Heating Value.No 
specific efficiency is used; 
the record is based on 
100% conversion. 

Landfill 
paper 

Paper Waste 
treatement 

-  Related to landfill paper 
B250 

Logs to 
stock S 
(paper) 

Paper Material - Related to logs to stock S 

NaOH 
ETH S 

ETH-ESU 96 
System 
process 

Material ETH-ESU 
1996 

NaOH ETH, original 
German title: Natronlauge 
NaOH. 
Total aggregated system 
inventory. This is a single 
results record of the similar 
unit process. Small  
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Detail of key factor from database program (cont.) 
 
Key factor Project Category Literature 

reference 
Comment 

    differences can occur due 
to rounding. 

Natural gas 
I 

IDEMAT 
2001 

Material No source Winning/delivery of 
natural gas Slochteren, 
LHV 38MJ/kg. 

Sinter, 
pellet 

Data Archive material Bergh & 
Jurgens 
(1990) 

sinter and pellet 
production; raw material 
for iron production. 
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Appendix B 
 

Data inventory of Sa paper 
 
Substance Unit Total Production 

of raw 
materials 

Transportation Sa paper 
production  

Disposal

Resource 
use 

      

Air ton 1.01 - - 1.01 - 
Coal kg 6.54E4 13 1.33E-7 6.54E4  
Crude oil oz 318 3.87 - 314 - 
Energy 
from hydro 
power 

MJ 1.43E3 0.332 - 1.43E3 - 

Iron (in 
ore) 

kg 34.5 1.9 - 32.6 - 

Lead (in 
ore) 

g 94.7 4.63 - 90.1 - 

Lignite 
ETH 

kg 1.49E3 45.6 0.201 1.45E3 0.298 

Limestone kg 4.45E3 0.0444 - 4.45E3 0.0021 
Natural gas kg 275 14.8 - 260 - 
Natural gas 
(Vol) 

M3 5.68E3 1.28 2.54E-5 5.68E3 1.23 

Pot. Energy 
hydropower 

MJ 20.9 - 0.879 - 20 

Process 
water 

cu.in 61 - - - 61 

Sulphur mg 45.3 - - 45.3 - 
Turbine 
water ETH 

M3 2.72E4 1.06E3 - 2.61E4 - 

Uranium 
(in ore) 

g 22.6 0.0198 0.136 22.4 0.158 

Water kg 1.31E8 8.81E3 2.15E-5 1.31E8 - 
Wood oz 110 1.13 0.0522 109 0.127 
Zinc (in 
ore) 

g 1.36 0.0948 - 1.26 - 

Emission to 
air 

      

Aldehydes g 455 0.00687 - 455 - 
Ammonia g 310 0.574 0.00169 290 19.1 
Benzene g 154 21 2.23 131 0.0845 
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Data inventory of Sa paper (cont.) 
 

Substance Unit Total Production 
of raw 

materials 

Transportation Sa paper 
production 

Disposal 

Butane g 39.4 2.72 - 36.6 - 
Cadmium mg 154 6.6 0.604 143 3.9 
Carbon 
monoxide 

kg 611 15.9 0.341 595 0.0826 

Carbon dioxide kg 3.07E4 -1.95E3 62.1 3.23E4 196 
Copper g 1.44 0.0524 - 1.39 - 
CxHy kg 1.17E3 9.73 1.18E-6 1.16E3 - 
Dust g 66.9 - 25.6 7.28 34 
Dust (course) lb 698 0.0239 - 698 - 
Ethane g 57.3 2.36 - 54.9 - 
Formaldehyde g 38.8 18.4 - 20.4 - 
Halon-1301 mg 134 11.4 4.52 117 1.25 
HCI g 987 30.8 0.127 894 62.7 
Hexane g 13.3 1.13 - 12.2 - 
Metals g 1.92 1.3 0.196 0.277 0.146 
Methane oz 365 14.6 2.67 347 1.02 
N2O oz 645 0.313 0.0529 645 0.0427 
Non methane 
VOC 

oz 157 26.4 13.7 113 3.63 

NOx lb 216 30.8 7.61E-6 185 - 
Organic 
substances 

µg 406 - - 406 - 

PAH’s mg 194 12.8 0.469 180 0.474 
Sulphur oxide lb 289 266 - 22.8 - 
Sulphur dioxide oz 257 13.8 1.13E-6 243 - 
VOC g 25.1 20.6 0.0402 4.462 - 
Zinc g 39.4 36 0.0199 3.27 0.182 
       
Emission to 
water 

      

Anorg.dissolved 
subst. 

g 518 - 365 - 153 

AOX mg 70.2 5.73 3.72 59.8 0.99 
BOD kg 508 0.00107 8.52E-5 508 2.28E-5 
COD kg 2.17E3 0.00691 0.00279 2.17E3 0.000738
Chromium g 4.73 0.0488 0.0105 4.66 0.00834 
Crude oil g 199 4.22 - 195 - 
CxHy g 253 5.2 7.83E-6 248 - 
Cyanide mg 223 15.3 3.74 203 1.01 
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Data inventory of Sa paper (cont.) 
 

Substance Unit Total Production 
of raw 

materials 

Transportation Sa paper 
production  

Disposal

Dissolved 
substances 

oz 129 1.05 - 128 - 

DOC g 2.94 0.118 0.000448 2.81 0.0143 
Fats/oil g 261 9.09 - 245 7.02 
       
Emission to 
water 

      

Kjeldahl-N g 4.97 0.0503 0.351 4.47 0.0931 
Metallic 
ions 

g 8.82 1.16 5.81 0.169 1.68 

N-tot g 706 3.17 2.02 700 0.539 
NH4

+ oz 51.2 1.45E-5 0.0733 0.000129 51.1 
Ni g 10.2 0.343 0.00388 9.87 0.00376 
Oil g 26 0.691 25.3 0.0074 - 
P-tot µg 756 1.3 - 755 - 
PAH’s mg 595 19.8 12.4 559 3.42 
Pb g 15.7 0.425 0.00256 15.2 0.124 
Phosphate g 135 4.37 0.0246 117 13.4 
Sulphate oz 663 23.7 0.629 537 102 
Sulphates oz 169 0.828 - 168 - 
Suspended 
solids 

kg 121 - - 121 - 

Suspended 
substances 

lb 75.8 0.00523 0.119 75.6 0.0359 

TOC oz 97.8 1.24 0.307 16.6 79.7 
Toluene g 2.14 0.161 0.112 1.83 0.0313 
Undissolved 
substances 

oz 41 3.31 - 37.7 - 

Waste water 
(vol) 

m3 1.61E6 - - 1.61E6 - 

Zinc g 24.8 0.742 0.0111 22.8 1.24 
       
Solid 
emission 

      

Chemical 
waste 

µg 82 82 - - - 
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Data inventory of Sa paper (cont.) 
 
Substances Unit Total Production 

of raw 
materials 

Transportation Sa paper 
production 

Disposal

Chemical 
waste (inert) 

mg 20.1 - - 20.1 - 

Chemical 
waste 
(regulated) 

mg 4.67 - - 4.67 - 

High active 
nuclear waste 

cm3 3.8 0.00335 - 3.79 - 

Incinerator 
waste 

µg 284 - - 284 - 

Industrial 
waste 

mg 24.4 - - 24.4 - 

Inorganic 
general 

g 56.5 0.579 - 56 - 

Metal scrap µg 110 - - 110 - 
Mineral 
waste 

g 219 170 5.48E-5 49.3 - 

Mineral 
waste 
(mining) 

g 738 - - 738 - 

Oil oz 58.4 57.8 - 0.619 - 
Plastic 
production 
waste 

µg 48.8 - - 48.8 - 

Slag g 274 257 1.96E-5 16.7 - 
Wood 
(sawdust) 

lb 501 501 - 0.00502 - 

       
Emission to 
soil 

      

Carbon kg 1.54 - - - 1.54 
N-tot g 117 - - - 117 
Oil 
biodegradable 

g 411 205 206 - - 

P-tot g 3.99 - - - 3.99 
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Data inventory of Sa paper (cont.) 
 
Substances Unit Total Production 

of raw 
materials 

Sa paper 
production

Transportation Disposal

Non 
material 
emission 

      

Heat losses 
to air 

kWh 4.18E3 25 4.16E3 - - 

Heat losses 
to soil 

MJ 13.7 0.0353 13.6 - - 

Heat losses 
to water 

MJ 376 6.93 369 - - 

Land use 
II-III 

m2a 366 11.6 355 - - 

Land use 
II-IV 

m2a 76.6 35.1 41.6 - - 

Land use 
III-IV 

m2a 6.59 0.331 6.25 - - 

Lane use 
IV-IV 

cm2a 820 34.7 786 - - 

Radioactive 
substance 
to air 

kBq 1.96E6 1.72E3 1.94E6 1.19E3 1.38E4 

Radioactive 
substance 
to water 

kBq 1.81E4 15.8 1.79E4 11.4 127 
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Appendix C 

Life Cycle Assessment 

 

Life Cycle Assessment (LCA) is too for evaluating the effects that a product 

has on the environment over the entire period of its life – from the extraction and 

processing of raw material from which it is made, through the manufacturing, packing 

and marketing processes, and the use, re-use and maintenance of the product, and on 

to its eventual recycling or disposal as waste at the end of its useful life. 

 

LCA differs from other environmental assessment tools in several significant 

ways: 

- it can be used to study the environmental impact of either a product or the function 

the product is design to perform 

- it provides objective data that are not dependent on any fixed ideology  

- it is much more comprehensive than other environment tools 

 

LCA is one of a number of environmental decision making tools. It does not 

replace other tools, but because of its comprehensive ‘cradle to grave’ approach it 

provides more information about an individual product or process 

 

The main applications of LCA 

   

 LCA provides information about the environmental impacts associated with a 

product’s life cycle. This information together with information about other aspects 

such as costs, convenience and consumer safety. 

 

 LCA can used by: industry and other types of commercial enterprises; 

governments at all levels; non-governmental organizations such as consumer 

organizations and environmental groups; and consumers 
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Industry 

  

 LCA can be used to improve existing products or design new ones, formulate 

company policies, and provide product information. It can also used in negotiations 

and in formulating strategies. 

 

Government 

 

 The main government applications of LCA are thought to be in the areas of: 

eco-labelling; deposit-refund schemes; subsidies and taxation, and general policies. 

Overall, government are seen to have a responsibility in promoting LCA because of its  

 

potential to achieve sustainable development. LCA is one of the few tools that can be 

applied to both the economic and environmental aspects of a product. 

 

NGOs and consumers  

 

 The main LCA uses are to supply consumer information, support public 

discussions and influence enterprises and government. NGOs can usually mobilize 

large groups of citizens via environmental groups, consumer organizations and trade 

unions. Consumers are important in that purchasing decisions set the demand for 

products and services. This can send messages to manufacturers to improve the 

environmental performance of their products. Furthermore, via the vote, consumers 

can influence government policies. These pressures are critical in shifting us toward a 

more sustainable society. 

 

Limitation of LCA 

 

- The nature of choices and assumption made in LCA (e.g. system boundary setting, 

selection of data sources and impact categories) may be subjective. 
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- Results of LCA studies focused on global and regional issues may not be appropriate 

for local application i.e. local conditions might not be adequately represented by 

regional or global conditions. 

- The accuracy of LCA studies may be limited by accessibility of relevant data, or by 

data quality. 

- The lack of spatial and temporal dimensions in the inventory data used for impact 

assessment introduces uncertainly in impact results. 
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