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The environmental impactespecially on elimate change through the life cycle
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based on the same#illumipating function ii.e. with the same brightness of 143,000
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CHAPTER I
INTRODUCTION

1.1 Rational

Global warming is caused by an increase in greenhouse gas (GHG) level such
as carbon dioxide (CO,), methane (CHa), nitrous.oxide (N2O), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), sulfur+hexafluoride (SFs) in the Earth's
atmosphere. The main anthropogenic “source of €O is the use of fossil fuels for
energy. Other sources are.manufacturing processes, land use change, agricultural
activities, transportation, decomposition of wastes, energy producers and consumers,
etc. Presently, atmospheric CO; levels!continue to rise on a year-over-year basis
because GHG emissions from/human sources exceed the natural absorption capacity
of the land and ogeans. Atmospherie €O Was already 391 parts per million (ppm) in
January 2011 compared with only 316 pﬁ)m in January 1960 [1]. The CO; level is
expected to increase © 550 ppm in 2035,___aswming there are no successive

management strategiesto mitigate this probiégn [2].

Jia

The United Nations Framéwark Convention on Climate Change (UNFCCC)
has expressed concerns about olobal w_cf;\:’r_mi-_ng problem and established an
international agreement namely ‘The Kyoto Protocol whichsaims to reduce GHG
emissions around-five-percent-agaiisi-1990-levels-over-the five-year period 2008-
2012 by the member countries. The protocol offers an addiiiona means of reaching
their targets by three market-based mechanisms. 1) emissions trading (ET) 2) joint
implementation (JI) and 3) clean development mechanism (CDM) [3]. Countries that
could not'regch'their own GHG reducti on targets'are requited«toypurchase the carbon
credits from othier‘eountries that have avallable credits-This has stimulated worldwide
movements on greenhouse gas emission. At present, there are many tools used to
demonstrate’CO, emissions.from the'goods and preducts. /The carbon foatprint (CF),
one of the'mest generalizedtools accepted by ‘many countries, ‘indicates the amount of
GHG emissions through the product’s life cycle. CF can help determine the hot spot
that has the most GHG emission from the production process, and this leads to the
subsequent development of improvement options to reduce the overadl GHG

emission.
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In Thailand, CF has been employed to support the Thai industrial sector to
implement the low carbon trend and to increase the competitiveness of Thai industries
in the world market. At the moment (as of July 2010), 22 companies with 42 products
already have carbon footprint labels on their products. However, it is imperative that
Thai manufacturers should expedite the monitering and record of GHG emissions in
various steps of manufacturing processes, and.earry. out research to improve the
process efficiency towreduce GHG emissions, and sometimes the redesign of

packaging, reuse/recycling poliey can make asignificant impact on environment [4].

Life cycle assessment (LCA) is a technique for assessing the environmental
aspects associated wiih a product life cycle [5]. Data from life cycle assessment can
be used in product design or manufacturing process design or services design to be
more environmentally friendly (Eco—D&s;ign), which could then support the Non-
Tariff Measures (NTMS): especially en\(j ronmental concerns of countries in the
European Union and devel oped countri%.lo_ne of the industries which could be most
affected by this revolution is the éectric and electronic equipment industry which is
among the fast growing and alse creatinQ—%gnificant environmental burden. This
industry has aready been mesitored and ccihtirbﬂéd via several recent international
restrictions and registration, such as the Registfr,g@io‘n,f Evaluation and Authorization of
Chemicals (REACH) EU direction (for the confro_i of producti@n and import chemical
include substanee; preparation and substance in article that more than 1
ton/year/type), Restriction of the use of certain hazardous substances in electrical and
electronic equipment (RoHS) which limits the use of certainhazardous substances in
electrical appliancesiand.electronic productspand Waste from Electrical & Electronic
Equipment (WEEE) whichforces manufacCturers to e responsible for retrieving the
remains at the end product lives [6,7].

Lamp-industries are.ameng the large.electronic industries with.direct effects
from ‘recent environment restrictions, &¢. ROHS and WEEE. Fluorescent lamp (FL) is
one of the electronic products which should attract significant environmental
concerns. 200 million lamps per year or more have been used aone in Thailand.

Therefore these industries must always develop their products in order to be more



3

environmentally friendly such as redesigning the lamp to require lesser raw materials

and energy.

Thusfar, thereis no GHG emission assessments developed for FL in Thailand.
Hence, it is newsworthy to assess GHG emission of FL in order to represent the
amount of GHG emission generated from the'FLilife cycle. The obtained result could
be used to develop the best practice of GHG.reduetion in Lamp industry, Thai LCI
database, as well as preparedness of Cklabel on products. On this basis, this research
focuses on the evaluation of CF or GHG emissions per unit product life cycle of TS
and T8 fluorescent lamp using the LCA method whieh will potentially lead to a

proposal of improvement optionsfor decreasing GHG emission.

Previous work has @l ready asseéed"'envi ronmental impact of FL but this did
not include ballast'whigh isthe basic devit’;és working together with FL. This research
therefore also focusas on life eycle of FL set which takes inte account the contribution
of ballast in the assessment of overall GHG?'e_r_nis.si on.

1.2 Objectives s .

- To evaluate carbon footprints of T5 a:nd 18 fluorescent lamp sets.

- To investigate greenhouse gas emission hot spots from the life cycle of
fluorescent lamp-sets

- To suggest the improvement options for mitigating greenhouse gas emissions
from the life cycle of fluorescent lamp sets

- To compare carbon footprint between T5 and T8 fluorescent lamp sets.
1.3 Hypothesis

The amount of carbon footprint of T5 fluorescent lamp set is less than T8

fluorescent lamp.set Significantly.

1.4 Scope of the research

1. Time period data for assessment of GHG emissions of FLs products:
January 2009 to May 2010 (17 months)



2. System boundary:

The assessment boundary of the fluorescent lamp set life cycle is Business-to-
consumer (B2C) including raw materials extraction and processing, manufacturing
process, distribution/retail, consumer

Note: A general PCR of
and therefore, this research sets ou

d disposal/recycling.

it |lamp product is currently not available,
&Iuati on based on the boundary

demonstrated in Fi gureﬂ-‘:“'_; 3 _.._-—"

3. Product!'-’—’, 4 m
Four typ (3 ’ | ), 28 T5) and two types of

ballast (magnetic and€ ectron estic he properties of these FLs
‘ th ent FLs are illustrated in

in this study

FL | Diameter Average-life
type (mm) - 1en) times (hour)
20,000
T8 26 50,000
20,000
T 1 ’
° \E 20,000
L~
- 2 *
" Y,
jure 1-1°Size differ s betwee 2, T8 and T5

Remark T12 FL is the old fashion and not:so popular type of lamip and not

PRI IUNNTINEIRE

4. Functional unit:
Fluorescent lamps which last 20,000 hours and provide an overall 143,100
lumens for 36WT8 and 28WT5 and 26,250 lumens for 18WT8 and 14WT5.



5. System boundary exclusions [8]
The system boundary of the product life cycle excludes the GHG emissions
associated with:
a) Human energy inputs to processes and/or preprocessing
b) Transport of consumersio and from the point of retail purchase;
c) Transport of employees to and iromtheir normal place of work;
d) Land useechange and,; |

-
€) Carbon storagen product because fluorescent lamp average life time

isusually lessthan 10 years.

6. Sources ofGHGemissions-

The assessmeni Includes GHG emissions arising from processes, inputs and

outputsin the life gycle of a productyinel uﬁi ng:

- Materialg production’ o

- Materials use (Chemical reactlén) :

- Energy produgti on-for- stationar:y';ar;d mobile source

- Energy use for stationary and rﬁoﬁlle sourees (including energy sources,
such as electricity, that are-themselves CL@LG&J using processes that have GHG
emissions associated with them) - 7R

- Combustion process and transportation

- Waste and waste management

7. GHG emissions:

The six GHG emissions including ;carbon dioxide (CO,), methane (CH,),
nitrous exide (N2O), Hydro fluorocarbons (HFCs), ‘Sulphur ‘hexafluoride (SFs) and
Per fluorecarbons (PFCs) are included in thiSresearch.

8 Glehal warming:potential (GWP):
GHG. emissions'are. measured by mass and‘converted.into ' CO.e emissions
using the GWP from |PCC 2007.



9. Supporting company:
Lamp industry and glassindustry at the center of Thailand have been helpfully

giving inputs on mass and energy flows within their factories.

10. Emission factor (E.F.):
Emission factors are selected 1) ‘international LCl database and

Primary dat : 7l ate (January, 2009 to May,
2010). For lamps and.glass bt erlals, energy used and
wastes) are obtaifed from ! " ol produet. ds fra e factory. Other import
materials data are Obtaiped v ‘- L out to related Thai’s agents.

The obtained resu d e used -g 0 the best practice of GHG
reduction in lamp industry, ax " s prepal 1ess of CF label on products. On this
basis, this research focuss:‘_“., e eva :
product life cydle cent lar inc _.'- CA method which

potentially leadsto aproposal of improvement of ‘ ng GHG emission.

F or GHG emissions per unit

fi
ﬂ‘lJEI’J?’lEJﬂﬁWEJ']ﬂ‘i
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CHAPTER I
THEORIESAND LITERATURE REVIEWS

2.1 Life cycle assessment

Life cycle assessment (LCA) is a technique for assessing the environmental
aspects associated with a product over its life€ygle. LCA isatool used to distinguish
and analyze the usage of raw materials and energy and waste generated at each stage
to assess the overall environmental perfermance of products in terms of quantity. The
most important applicaiien’is the analysis of the contribution of the life cycle stages to
the overall environmental |ead, usually with the am to prioritize improvements on

products or processes. | 9]

The life cyclg'of a product (botﬁgg'(')ods and services) ranges from resource
extraction via raw matérial processing, Fﬁan_yfacturi ng, and product use or service
delivery, to recycling, and to the dispos%il of any remaining waste. The life cycle
approaches account for all relevant envifdnmgntal, health and resource depletion
issues related to the life cyeles of goods and gerviceﬁ that meet our consumption needs
and also help ensure that problems are effe(_;t:i\_/elx solved without creating new ones
elsewhere (shifting of burdens). For this reason life cycle approaches are
indispensable instruments for identifying and " steeri ng effective measures towards
more sustai nable’production and consumption. [10]

An LCA study consists of four steps [9] (as shown in Figure 2-1):

1. Goal and scope definition: Clearly identifying the target of interest such as
the reasons for the study, the target group to communicate the result and also define
the type.of target product, the system boundary, the functional unit, the environmental
impact categories; data required, hypothesis and limitation.

2. Life cycle inventory analysis. Making a model of the product life cycle
with.all the environmental inflows and, outflows.

3. Life cycle impact assessment: Understanding the environmental relevance
of all theinflows and outflows.

4. The interpretation: Anayzing the results and evaluate the need and
opportunities of reducing the impacts
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2.2 Carbon foatprint 2

Carbon footprint is a tool thai réepohds to more environmental awareness,
especially in issues related to_climate chahge. ‘product carbon footprint’ (PCF) is a
term used to describe the @anount of green_héusé gas (GHG) emissions of a product
across its life cycle, from raw materials eth‘:;:l_-CEinn‘ and transportation of raw material
through production, distribution;-€onsumer Hseand disposal/recycling (Figure 2-2).
PCF includes the six greenhiouse gases are contrelled under the Kyoto protocol:
carbon dioxide (€0O,), methane (CH,), nitrous oxide (N>O) and. sulphur hexafluoride
(SFs) together. with families of gases including hydrofluorogarbons (HFCs) and
perfluorocarbons (PFCs).

PCF expressed in the weight of carbon dioxide equivalents, e.g. kg COe using
the global. warming potential (GWP) to convert the emission from other GHGs into
CO.e. Each GHG emission comes from different sources and has different GWP
value as '¢an be seen in Table 2-1 [IPCC 2007] [11].
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1. Direct emissions include GHGs that occur within the plant such as fuel

combustion in the stationary source (boiler, furnace, burners, etc.) and mobile source

(transport), fugitive emission, chemical reactions within the process as well as other

activities that occur in

the plants.
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2. Energy indirect emissions from outside the factory such as purchased
electricity, steam heat, etc.

3. Other indirect sources include upstream emission that related to
production, transportation of raw maIerials Downstream emissions related to

transportation, distribution, use of the prqd and disposal/recycling of remained
products. ’ ,f‘

PFCs

Emnployee business travel

Production of !

plurchased materials )
1 Waste disposal

i Contractor owned vehides

Outsourced activities

B

Source: Adapted from WECSD

2.3 Carbon footprint étérn-dé}d s £

:,#_‘,

With re@rd to the methodological issues, a lot oT“ttJE practical standard
framework about-how to measure a carbon footprint. The differences are found in the
detail. The most drstlnctlve feature is the method for allocatmg the carbon footprint
between co-products (multi-outputs). ThealSO 14040 and ISO 14044 are well
established as an internationally standardized framework for LCA. Ttigives flexibility

to implement LCA as established in accordance with different applications. Many
carbon footprint initiatives thus refer to these standards as a point of departure and
aim to set a'specific guideline for praduct carbon foaotprint in-compliant with them.
The Publicly Available Specification 2050: 2008 or PAS 2050 is the standard
developed through British Standards Institution (BSI) in partnership with the Carbon
Trust and the Department of Environment Food and Rural Affairs (Defra). It can be
stated that PAS 2050 is a derivative of 1SO 14040/44. The main difference between

the two standards is PAS 2050 focuses on carbon footprints, i.e. contribution to
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climate change, and ignores other environmental impacts. The PAS 2050 also
contains additional principles and techniques that address essential aspects of GHG
assessment, e.g. emissions from land use change, the impact of carbon storage, and
double-counting issues associated with renewable electricity generation.

Apart from these SO 14040/44 and PAS 2050, the World Resources Initiative
(WRI) and the World Business Council for Sustainable development (WBCSD) has
started in September 2008 t0 develop a standardized approach for companies to
inventory, analyze, and manage their GHG emissions along their value chain at the
product level namely the WRWWBCSD GHG Protoecol [13]. Other carbon footprint
relevant standards and methodologies iqcl ude 1SO 14064 and 1SO 14025. The first
standard details principles; and’ requirements dealing with the measurement,
management and reporting of GHG erﬁisiéions of erganization or company level
whereas the SO 14025 fesiablishes ﬁfi nciples for the use of environmenta
information, labels and declarations: Furtﬁc_arrhore SO 14067 refers to a set of 1SO
standards currently under development spie’c_:ifying guantification and other relevant

activitiesin relation 10 the €arbon foetprint Of.aproducts.

cus dd

2.4 Carbon footprint assessment :

A carbon footprint-is a-sub-set of the data covered by a more complete Life
Cycle Assessment (LCA) because the analysis is limited to emissions with an effect
on climate changé. A product carbon footprint assessment.is/based on key LCA
techniques and principles as follows:

1. Goal and scope definition including:

1.1 Setting objectives

1:2 Define the functional unit

1.3 Building a process map

1.4 Boundaries setting
2. Inventory anaysis including:

2.1 Identification of emission sources

2.2 Collection activity data and select emission factor
3. Impact assessment including:

3.1 Calculation the footprint
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4. Interpretation including:
4.1 Reporting of product carbon footprint
4.2 |dentification of problematic parts with high GHG emission
4.3 Propose the way to reduce emission

The detail of each step can be expla ned as follows:

2.4.1 Goal and scope definitions

Setting obj ectives

The objectiverof the.assessment is set based on the overall target of the
organization for example t@ communiceie with customers, to reveal information to
consumers, for decision miaking of production, for the design of new products, etc.
Appropriate quantitative measures should be identified within'a certain time period.
For instance, the gbjective gould be.“ithereduction of GHG by 10% by the end of
Year 2010, etc. However, the most imporfanf goal in evaluating carbon footprint isto
know the steps in-the life cycle or'in the process of the product that have the most
GHG emission whichiwill/lead to managerﬁ!én{:or improvement for reduce GHG at
this step. Thisis also another way to-help pr'o?ept the environment.

Define the functionabunit [14]

A functional unit reflects the way in Whlgh the product is actually consumed
by the end user. The functional unit can be thought of as a meaningful amount of a
particular produet used for calculation purposes. The functional unit isimportant since
it provides the basis for comparison and, if desired, communication of results. It may
be easier to do the-actual analysis using alarger unit. When ¢hoosing a functional unit
there may be no sihgle.right answer, however it should be a unit that is easly
understood and can be used by others.

Supply Chain Process M apping [14]

The goal of this step is to identify the flow.efithe resources, i.eflist of input
and output activities, cavering from the extraction and processes of rawymaterials to
disposal of the product including packaging. The process map serves as a valuable
tool throughout the footprinting exercise, providing a starting point for interviews and
agraphical reference to guide both data collection and the footprint calculation. There
are considerable benefits to repeating the process map step as understanding of the
life cycle improves, allowing greater prioritization and focus.



13

Boundary Setting [14]

This step defines the assessment boundaries or the limits of data needed. To
begin with, it is important to set a limit for when measurement will stop. It is
recommended that the life cycle boundary should either end when the product
becomes the raw material for something elsg; or when the product reaches a state
where it stops emitting carbon. This means thal.for the business-to-business (B2B)
companies or the business-to-consumer (B2C)-cOmipanies.

Business-to-consumer. (B2C)

B2C covers the calculation of carbon footprint from raw materials, through
manufacture, distribution and retail, tg consumer use and finaly disposal and/or
recycling.

Business-to-business (B2B)

Business-t0-business carbon footpﬁhtg stop at the point at which the product is
delivered to another manufacturer:* The fbouhdary of this assessment covers raw
materials through production -up to. the p&ii_nt \where the product arrives at a new
organization, including distribution and trar}s_riort to the customer’s site. It excludes

additional manufacturing steps, final producjt»dig_;ribution, retail, consumer use and

disposal/recycling. -
From the reference informetion of the"'P'ub?IicIy Available Specification (PAS)

2050, the scope of carbon footprint assessment shall“include GHG emissions arising
from processes,.inputs and outputs in the life cycle of a product, including but not
limited to:

a) Acquisition of raw materials and production, processing,
transportation and.storage of. raw matexials before production.

) Energy-consumption in thesmanufacturing process, cooling systems,
heating system, ventilation system, and lighting system.

c) Manufacture and transportation-of packaging:

d) The storage af) product before transportation such aswaiting in cold
storage.

€) Waste recycling.

f) Management of waste generated and wastewater treatment.

g) Maintenance of equipment.
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h) Energy consumption in office and service.

1) Transportation to sell to retailers.

J) The use of the product and consumption of the user.

k) Waste management after used.

However, the system boundary of the product life cycle shall exclude the

GHG emissions associated with:

a) The preduction of capital goeds usean the life cycle of the product;

b) Human energy 1puts o processes and/or preprocessing;

¢) Transportof eonsumers to and from the point of retail purchase;

d) Transpert of‘empl oyeesto and from their normal place of work;

€) Animal siproviding transport services; and

f) Therelease of greenhouée gases less than 1 percent of total

greenhouse gas emissions.

2.4.2 Inventory analysis
| dentification/of emission sourcesdl]
Emission sources from.each step mthe life cycle stage can be identified as

J

follows:

Raw materials acquisition stage: Thié__séage consists of the acquisition of
natural resources, the processing of resources, including raw and ancillary materials,
the manufacturing of parts and the associated transport of theimaierials. This stage is
often referred to as the upstream processes of the product system. The major outputs
of this stage are the parts and materials. Thus, the GHG emission from this stage can
be quantified by gathering GHG emission data from the upstream processes, including
the part:/manufacturing processitself.

Manufacturing stage: GHG emissions from the identified emission sources are

measured directly or calculated indirectly. The emission sources can be classified into
stationary combustion, mobile cambustion, process emissions, fugitiveemissions and
indirect emission due to electricity consumption.

Distribution stages: GHG emissions mainly occur from the fuel combustion of

mobile sources. A distribution scenario based on the product weight, mode of
transport, transport distance and number of products transported in one transfer is
made for the calculation of the GHG emissions during this stage.
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Use stage: Stepsto use depending on the functionality of the product which is
defined by the functional unit. For products that used energy will count the emissions
from energy consumption and production.

End of life stage: The process used to handle product and packaging waste is

often used the treatment process such &s landfill, recycling and burned in incinerator
etc.

Collection activity-data [15]

Data collection Is a.critical step in assessing the product carbon footprint.
There are two basic typesof data required: activity data and emission factors.

Firstly, activity data describes the specific, measurable quantities of materials
and energy used agross all'life cycle stages. These data can be primary data (real data)
or secondary data (aggregate data). The PAS 2050 standard allows a company to use
primary data forsthe processes that they Bwn, operate or control. This includes the
amount of resourcesised, energy consumed at each process, estimates of major waste
produced, and product transporied. to ahc'l_.fr.om the manufacture. Beyond these
activities, secondary data may be apglied. This data is not specific to the product, but
rather represent an average or general measj-r._ér:m;p_‘t of similar processes or materials.

Another essential set of data is the emlsson factors. It provides the link that
converts a unit of activity data inte the corrds’bc’indi‘ng GHG emissions, e.g. electricity
emissions kg COze per kWh, fuel emissions per liter, waste emissions per kg, etc. The
emission factors.€an also come from primary sources or secondary sources. However,
it is more common to use secondary data to enable consistency and where possible
comparability. A range of secondary data for both activity and emission factors is
available.s This,poses challenges.for . future research. to collect data from industry
reports, case studies, etc. to form a local Life Cycle Inventory (LCl) database.
Nevertheless, regardless of the sources of data used, it isimportant to clearly describe

the . sources and characteri stics.of. the data.

2.4.3 Impact assessment
Calculation of the footprint [14]
The equation for product carbon footprint is the sum of al materials, energy

and waste across all activities in a product’s life cycle multiplied by their emission
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factors. The calculation itself ssimply involves multiplying the activity data by the
appropriate emission factors.
Carbon footprint of agiven activity = Activity data (mass/volume/kWh/km) x
Emission factor (CO.e per unit) (3.1)
GHG emissions are calculated for each activity, convert to CO.e using the

relevant global warming potential (GWP) factors.

2.4.4 Interpretation

| dentificatien'of problematic partswith high GHG emission [11]

The parts with greaier GHG emissions are identified as the problematic parts
or the hot spot. A preblematic/part becomes a target for improvement, which can be
reducing GHG emissions. v

Proposingaways to reduce.emission or selection of alternative parts to
replace problematic parts|11]

Alternative parts that replace the identified problematic parts and/or materials
should be chosen first: The choice of alternati\;/e-'barts must be assessed with respect to
four different criteria; the technological feéﬁ‘bility, customer requirements, cost and
potential for reduction of the GHG emissions as a'e'tailed below:

(@ Technica feasibility: Is it Ielchrxi;i_cally feasible to apply different
technology to replace the problematic parts with different parts? | s the alternative part
exchangeable?

(b) Customer requirements: Dose the alternative part meets the customer’s
requirement?

(c) Cost:iThis. is related to the gost difference between the original and
replacement part.

(d) GHG emission reduction potential: This pertains to the reduction in the

GHG emissions between the original and replacementpart.

2.5 Fluor escent'lamps

This research will evaluate the carbon footprint (CF) of Fluorescent Lamps
(FL) for three main reasons. The first isthat FLs are one of the most common lighting
systems used in household all over the world. They are cheap, energy-efficient, easy
to replace and handy, and it was estimated that 200 million FLs were manufactured
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and used per year (2008) in Thailand [16]. It could rightly be said that FLs are one of
the magjor everyday electrical products. Secondly, a more environmental friendly FL
product has continually been introduced to the market. Therefore, CF can be used as
one of the environmental indicators to support the global green market. And lastly,

there have so far been no research reparts on this product.

2.5.1 General information of fluorescent lamp

Fluorescent lamp(FL)-is the lighting eguipmeni-commonly used in buildings,
department stores ereven in.homes. This lamp is used to replace incandescent lamp
due to the better propertiesin terms of light quality, lifetime and more energy saving.
FLs are the electricalfequipment that converts electrical power into useful light. FL
uses electricity tO excité mercury vapor.’j’he excited mercury atoms produce short-
wave ultraviolet light that then causes.a phesphor to flueresce, producing visible light.
A FL set consists of alamp; astarter is to““.préheat the cathodes inside the fluorescent
tube before it is started; and ballast'is used to regulaie the flow of current through the
lamp and provides theright voltagé 10 Start oi’f tﬁe lamp. The FL has various sizes and
shapes such as T12, T8, T5 FL, Compact FI'_';;.'SIﬂaI"ter Proof FL, etc. Their light output

A

is measured in lumens unit.

2.5.2 Types of fluor escent lamp

FL s are.aizded into three types asfoltows:

a) Straight fluorescent lamp: High efficiency, 2-8 feetlong with a diameter
about 1 to 1.5 inches. General symbol is T followed by numbers such as T8, T5 FL
(The "T" refers to “tubular,” the shape of the lamp and the number means the
diameter-gf the tube inX/8 of aninchiwhenX isthe number, follewing “T”.). General
uses are in the‘buildings; sheds, on.the street€ and homes.

b)* Compact fluorescent lamp: These are used in hospitals, factories, offices,
and thomes. /This type behaves like a straightfamp except for' externalyappearance
only. The design |0oks like incandescent |amp.

c¢) Circular fluorescent lamp: This type of lamp as well as other tube shape
(not compact and strength FL), is used in electric appliances, lighting from the ceiling,
or where space is limited. It has the same principle, difference only outward

appearance.
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2.5.3 The components of fluorescent lamp

Fluorescent lamp consists of several components (see Figure 2-4). Each part is
made from different materials and has different functions as follows:

a) Bulb made from a glass tube. Surface on glass tube is coated with
phosphor. Internal glass tube will exhaust the ar into vacuum and then add the inert
gas and mercury vapor inside the lamp.

b) Base or aluminuim cap contains duminum-base, copper pin and insulation
material. Base is connection.with ci rcui; and support the structure of the lamp (Lamp
holder).

c) Lead in'wiregontains three types of materials; nickel, dumet (Metal with a
coefficient of thesmal expansion higher than the glass) and copper. It is used as
connections to transfer el ectri ¢ curreni-io thé filament coil.

d) Exhaust tube isithe smallest gjésgtube, used for suction air out and add
argon gas into the lamp during the producti”'o_n proc&ss

€) Stem tube isthe small.glass tubé,'.__u%d as grout filling between the lead in
wire, to prevent air entering into the tube. B}_{.a_tbe melting of glass connected for close
the gap completely. i f

f) Cail or filament maderom 100% tungsten, fitted at both sides of the lamp
ends, allowing electricity to ftow through to hest up thelamp. Heat vaporizes mercury

vapor contained in the lamps.

Phosphor
Inert gas Cail Exhaust tube
. | | ‘—17( i) — >
- T f . T ',—:
‘ | |—Lead inwire
Arc
Mercur
Y discharge Stem tube

Figure 2-4 Component of fluorescent lamp
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g) Mercury, upon receipt the heat from filament, mercury will evaporate and
spread all over the lamps.

h) Arc discharge is a released atom from the polarity to stimulate the atoms
of mercury vapor for the energy radiation (Ultraviolet radiation).

i) Inert gas mostly is Argon gas thet is.added in the lamp instead of the air.

j) Phosphor is coated on the surface oi'the glass tube, to change the energy of
atomic mercury into thewisible light. The eolors.eilight depend on the type of
phosphor.

2.5.4 T8 and T5 flugrescent lamps

This study aimed 10 evauate environmental Impacts of long straight FLs
namely T8 and TS5, eaciwith two different. powers, i.e. 36WT8, 18WT8, 28WT5 and
14WT5. T8 FL has26 mm diameter and:phosphor type is halophosphor. T5 FL is a
newer product develgped fram- T8 with‘u, a smaller diameter (16 mm), and used
triphosphor type (see at Teble 1-1 above). ;

2.5.5 Manufacturing proeess of fluer esceng.e‘_lgmps

Most of lamp industries in Thailand aréme assembly industry. They receive
the components as referred to above from ma?y;sfjppliers both in Thailand (e.g. glass
bulb, exhaust tube, stem tube, mercury;, etc'.r)'.. and from,some foreign countries (e.g.
aluminum cap, lead in wire, coil, argon gas, etc.). Fluorescent lamp manufacture is a
complex process containing main process and multiple sub-processes such as sleeve
production (packaging of lamp), stem production, phosphor mixing and cement
mixing.

a):M ainymanufacturing processes

FL proeduction eantains 11 main steps, starting with cleaning glass tube,
coating inside glass tube by phosphor solution, assembling the various parts together
and finally aging the Fls product, Thejoverview-of the main manufacturing processes

of FLiis explained'as follows:

Washing aglass bulb by hot water
Drying awet glass bulb by hot air
Coating the dry glass bulb by phosphor solution

A w D PE

Drying the coated glass bulb by hot air
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5. Marking the sea on the surface of the coated glass bulb
6. Baking the coated glass bulb at 650 °C for remove some residue and made
the phosphor adhere to the inside of glass bulb
7. Sealing both side of glass bulb by stem that is the stem tube contains with
lead in wire, exhaust tube and filament coil. The am of usage the stem is
completely close glass bulb. Oneof side will have a hole for make to
vacuum bull: ‘
8. Exhausting: the step that makl ng the glass bulb to the vacuum bulb and
then filling argen gases and mercury into the glass bulb
9. Basing: enteiing the aluminulm cab that fill the capping cement on both
sides oiithe glass bulb and baking the caps adhere to the glass bulb
10. Pin staking: clinching the cobpiér wire of the pin leg adhere to the brass
wire of @ uminum cap - '
11. Aging thelamp for checking effi_;:i éncy of the fluerescent lamp and
activating the lamp-for. easier to-;jsg_e of consumer.
b) Sleeve production "’:a‘_f _
Sleeve is the packaging of FL made ﬂgﬁjaéorrugatted paper used to cover FL.
The selected lamp industry has its own slea/g_pfgduction. The method of production
can be explained as follows: J
1y Crepe paper making: Brown paper and white'papers are combined
into corrugated baper machine using glue from the mixture of-tapioca flour, water and
sodium hydroxide{(NaOH).
2) Slice machine: The crepe paper isfed into a slice machine to cut the
crepe paper to appropriate width for various Sizes'sleeve production.
3) Sleeve making: Crepe paper with appropriate size is fed into a
sleeve making machine where both sides of the crepe paper are attached.with latex
gum Refore printing the logo on the sleeve, and cutting the edge of| sleeve to match

with the length of FL.
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¢) Stem production
Stem is one of the most important components of FL as it contains filament
coil and lead in wire. The selected lamp industries are capable of producing their own

T8 stem, but most purchases T5 stems from other factories as T5 stem is very small

1) Flare maki : Feed the: imilar to glass tube but smaller
than, 12 mm diameter)-in Ye i "machine cuts the stem tube

coil with the oxi

d) Cem . . AN ith methaol at
appropriate ratios and ‘ A '

aluminum cap.

€) Phosphor mlxmg chemical substances such as phosphor
powder, “surf under 24 hours of
stirring

The sum IO esc% ips is demonstrated
in Figure 2-5. . '

ﬂumwsmwmm
’QW'IMﬂiﬂJEJWI']‘ﬂEJ’]ﬂH
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Figure 2-5 Process diagram of fluor escent lamp manufacture
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Figure 2-5 suggests that the manufacturing processes for T8 and T5 lamps are
similar. However, there are some major differences between T8 and T5 asindicated in
Table 2-2 based on activity of lamp industry that supported the data for evaluate
carbon footprint of four FLs products. The stem of T8 is produced in factory but the
stem of T5 will be purchased from other factories because there is currently no
available manufacturing process in Thailand. Fhequantities of cement filled into the
aluminum cap of T8 are greater than T5 because«18 has a bigger size than T5.
Phosphor mixing will be relaied to the specific gravity of phosphor types and the
length of lamp.

Table 2-2iDiffer ences of [T 8 and T5 fluor escent lamps

Topie 18 T5
@ Bulb 26.mm 16 mm
Stem Producing on-site Purchase (domestic)
Phosphor Hal o-phosphor Tri-phosphor
Cement 1.3 g/base lid 0.4 g/baselid
Specific gravity,of Long tube: low specific gravity
phosphor Short tube: high specific gravity

Remarks: e s d 4

1. The brightness value of famp that useé tri-phosphor solution is more than
hal o-phosphor sol ution: SR
2. Thedamp that uses tri-phosphor solution has cotor«alike with the sunlight

more than hal o-phosphor solution.

2.5.6 Disposal/réeycling technologies

Fluorescent lamps, have elements of theavy metals such as mercury as stated
above. ‘Although there are measures 10 reduce the amount of /mercury in FL to less
than 10&mg/lamp, the components inside the lamp are still contaminated with
mercury. Therefore spent fluorescent lamps (SFl)are classified as ‘one type of
hazardous waste, that | requires appropriate collection, 'treatment, ‘and  disposal
technologies

This research focuses on two end-of-life options: recycle and secure landfill.
Both methods must have stabilization and solidification process to prevent the spread
of hazardous substances (mercury) to the environment. Some of SFL components can
technically be recycled such as glass tube, mercury and aluminum cap, however, the



24

only available technology in Thailand is the recycle of glass tube. Therefore only the
glass tube will be assumed to be all recycled whereas the other components are
stabilized and solidified and then disposed of in secure landfill. The recycling process
will include a disassembly process used to separate glass component that can be
recycled from other components. The disassembly process of SFL is a close system to
prevent the escape of mercury vapor.

The recycling precess shown inJFigure 2-6.begins by entering spent FLs into
the disassembly process; FLs.are cut head - end to separate the aluminum caps from
the lamp. The phosphor. powder and mercury vapor in the tube are blown out. The
outputs of this process can bedivided into three parts: mercury + phosphor, aluminum
caps and glass tube. Glass tube 1s passed into the machine is crushed as cullet and
reused as raw materials of glass maﬁufactn'ariﬂﬁg The remaining components are sent to
stabilization and.solidification proc&s and then disposed of in'secure landfill.

Figure 2-7 describes the detall of "che disposal-nonrecycling option 1l where
the whole SFLs are fragmented bly: a crushqp (hammer mill). After that the crushed
material is mixed with sodium sulfitie (Nag'«S).rfor stabilization and mixed with cement
in amixing container for solldlflcatlon The ml)_(tljfps are sampled to leaching test, and
the unqualified samples are sent back to stabnlzatlon process. Only those that pass the
standard are sent to secure landfi: oy

Disassembly process
‘ (Cut & blow process)

+ Y ¢
Glass tube Crushing Aluminum caps Mercury + Phosphor
v v v
Cullet v
. Stahilization &-solicification process, |
FNG\N product manufacturing Y _
Secure landfill

Figure 2-6 Recycling process [17]
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Spent fluorescent lamps

v
Crushing by hammer mill
v _ w b
Mixing with Na,S |< ~—— Not through standards
Yl wryy. [
T F. [
Mixed with cement ]I-— — Sampling to leaching
: — -
Put into 200 liters container _I —
=y 1 . Standards
Waiting 3-5.days fef solidified J ~
i g S § N

Sending/to secure | andfill g R NN _

L e 0 g G B e T

Figlre2-7 Nlon-récy}bling process [17]

|‘ e

2.5.7 Glass tube manufacture - )

Glass is a unique materlal haV| ng rnany useful applications such as food and
drink packaging and glazing mdustrl&s ThIS |s because glass is relatively cheap,
abundantly raw materials ava|lable‘ and merf W‘ith no reactions with other substances.
Glass is adso infinitely recyclable the prop_rés ideal for making eco-packaging.
There are several types of gI_qs_s f;\nd the mosE,chLann Is soda-lime glass with the use
in the manufacture of flat glass, fnost containers and electric"light bulbs, and many

other mdustrlal and art objects. Lead glass or commonly called crystal glass is made
by substituting Iead oxide for calcium oxide. Lead glass is easy to melt and has such
beautiful optical “properties that it is widely used for the'finest tableware and art
objects. The other types.are fiber glass, cathade ray tubes, and optical glasses, etc
[18].

Glass tube Is the most important components of the lamp, like the main
structure that can be incorporated ifnto other elementsitogether to produce’EL, and that
are the most,weight ratio of raw materials. Glass used to produce the lamp is the soda
lime glass type. The basic composition of the glass comprises silica (from sand),
sodium oxide (from soda ash), calcium oxide (from limestone or dolomite), and minor
ingredients. Glass industries usually used recycle scraps glass or cullet as raw
materials for reduces the production cost. Glass tube for T8 and T5 FL are produced
in five main processes (see Figure 2-8) asfollows:
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a) Mixing: The mixture of ingredients to make up the glass (silica, Na,COs,
CaMg(COs), and recycled glass, together with small quantities of various other minor
ingredients) are mixed in arotary mixer to ensure an even mix of ingredients and fed
into the furnace.

b) Melting: The mixture is heated to: 1500-1600 degree celsius, where the
ingredients melt, various chemical reactionstake place and CO, and SO; are evolved.

¢) Forming tube: The melted glass isformednto straight tubes, diameter as
required (diameter of T8 and. F5FL equél to 8/8 and 5/8 inch respectively).

d) Fine cutting.«Thesong straight tubes are cut into appropriate length
(36WT8 = 1,264 mm and 28W 5 = 1,140 mm). The products of this stage are glass
tubes to produce 36WT8 and 28WT5 FL .

€) Center cutting: Due to 18WT 8 and 14WT5 FLs are a half-length of
36WT8 and 28WT5 FL respectively., Thi s-,jprg_cess IS often used to cut at the center of
36WT8 and 28WT5bulb. The products ar'(_a the glass tube for produced 18WT8 and
14AWTS5 FLs.

Silicasand, Sodaash ""*'Raw " T—
Dolomite, Feldspar; et dd
Other minor ingredients — il
- Mixing

a

Natural-gas, Electricity ﬂ ’

Forming tube

Center cutting ] — _ Finecutting _|
| WLJ 0] P TLJ 13
| 18WT8 14WT5 36WT8 28WT5
r-"

Figure 2-8 Glassmanufacturing process

2.5.8 Ballast

Ballast is an essential device that must use together with FL. This study
evaluates GHG emission over the life cycle of ballast to be used as supporting
information for the decision making process on the change to the use of T5 instead of
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T8 FLs. This study does not collect data from the ballast manufacturing process;
rather it employs secondary data including the amount of raw materials and energy
used in the production and usage of ballast [19].

FL requires ballast which regulates the flow of current through the lamp and
provides the right voltage to start off the lamp. There are two types of ballast,
magnetic and electronic ballast [20].

Magnetic ballaststarts and regul ates alamp.threugh a core-and-coil assembly.
This assembly consisis of twe-copper wires eoiled around a common core of steel
laminations to transfer eleetrical current from the power supply into the appropriate
wattage as required bysthe damp. However, magnetic ballast generaly produces
disturbance such as'noisg@nd flicker [21]. The noise results from the vibration of the
steel laminations in the core-and-coil assePnBIy. Flicker arises from an insufficiency of
lamp efficacy dueto the'low frequency opérat_i on of magnetic ballast [20].

Electronic ballast is similar in funetion to magnetic ballast except that it uses
entirely electronic components.to.start-and regulate the lamp. The use of electronic
technology causes this electronic ballast 1@ work at higher efficiency and frequency
and so eliminates the noise and flicker [ZE)]U."EJe_zctronic ballasts are also typically
lighter in weight than their magnetic counterparfé as the core-and-coil assembly in
magnetic ballast is made of~metals and is/therefore heavier. However, electronic
ballast is susceptible to electrical and electronics disturbances and is more expensive
[22]. In Thailand, the cost of electronic ballast is about five to.sx times higher than
magnetic ballast for the same type of lamp.

Ballasts are very specific for the particular lamps since ballast controls the
wattage.of a.lamp. |f an 18W.T8. fluorescent lamp uses 36W . ballast, the lamp will
operate at 36.W, which-will cause lower lamp performance and premature ballast
failure [21]. Therefore, the 36W magnetic and electronic ballast are operating with a
36WI8 FL. Fable2-3-and-2-4-show components, of-magneti ¢,and-€lectronie, ball asts
[19], respectively. The most important material in magneticiballast is stedl (85.9% by
weight) and then copper used as wire winding (10.4% by weight). The others; nylon
bobbin, polyester film, paint, thinner and paper are small fraction of the ballast in the
range of 0.1-1.5 percent of the total weight. In the electronic ballast, steel contributes
49.8% of the mass in the form of the casing. The other 45.8% is attributed to the
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electronic components, which include transformer, capacitor, printed circuit board
(PCB), resistor, transistor, diode, jumper wire, negative temperature coefficient,
integrated circuit (IC's), inductor, and potentiometer. Other smaller components in

electronic ballast are nylon, solder paste, fuse, and copper.

Table 2-3 Components of.magnetic ballast [19]

No. | Component | Weight (g) | % by weight Remark
1 | Sted 850 85.9 Main structure
2 | Copper wire 103 104 Wire winding
3 | Nylon Bobbin 45 16, Nylon
4 | Polyester filim 10 1.0 Polyester resin
5 | Aluminum 0 ‘ 0SS -
6 | Paint 2 ] 0.2 -
7 | Thinner ¥ ' g YO -
8 | Paper i B ANA -
Total 087 ¥ 4190
Table 2-4 Componentsf)j electronic ballast [19]
Weight |9 by
No. Component (g | weight Remark
1 | Sted 14778 | 498 | Main structure
2 | Transformer el Rst 20.7 1 | Mostly steel and copper
3 | Capacitor [ —332 93 | Didectric material
4 | PCB 293 8.2 _' Print circuit board
5 | Insulatien material | 105 29 The i_nsulation covering the
, windings -
Ny Resistance wire
6 | Resigl o2 LT | (high-resisfivity alloy)
7 | Transistor 5.6 1.6 Semiconductor material
8 | Nylon bobbin 54 1.5 Nylon
9 | Solder paste 4.8 1.3 Brazing solder
10 |.Diode 4.6 1.3 Semiconductor.material
11 J'Ruse 1.6 0.4 -
12 1 Jumper wire 14 04 Copper wire
13 | NTC 1.0 0.3 -
14, | Wire 1.0 0.3 Copper
15 | Integiated circuit 0.5 0.1 Electronic circuit
16 | Fixed inductor 0.2 0.1 -
17 | Potential meter 0.3 0.1 -
18 Total 357 100

Remark: Assumption is transformer contains with 50% of steel and 50% of copper.
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Energy type in the assembly process of ballast is based only on electricity.
Electricity used in the production of magnetic and electronic ballast is equal to 0.03
kWh and 0.67 kWh respectively [19]. Electronic ballasts have more complex
components which require the use of a printed circuit board, which results in a more

complex processing and thus requires more eneroy.

2.6 Literaturereview

Many companies in the Worldﬂ have been interested in carbon footprint
assessment of products. _Semerinitiatives on carbon assessment schemes include
foods, €lectronicsyvenicles, clothing, etc. as shown in Table 2-5 [15]. In Thailand,
there are 22 companies with 42 producltts that are already been accessed for their
carbon footprint sugh as Coca-Caola can 325 GC, Grilled Teriyaki Chicken,
Drumstick, Chicken Curry, "Kiam-wan"TSte_amed That Hom Mali Rice, Chicken
Curry "Mussaman", Steamed Thai‘ Hem M'{a.li i?ice, etc. [23]

Table 2-5: Some examples of carbon assessment schemes of products

Company | Type/Country |aia Génbon assessment schemes
TESCO The largest ; ;| Assessed and labeled 20 own-products with
[24] retailer /British - informati onﬁ-atéd to direct carbon footprint

1< A new glass battle design which costs less, use
less glass

- -Chanhged io use recycies polyethylene
Coca-cola |« The drink terephthalate (PET) plastic botties
[25] producer /U.S. | - Switched to solar power

- Trying out hybrid poweret-truck and upgrading

its logistics to cut down emissions from
transportation

A chain Established.‘carbon scorecards' to indicate carbon
wal-Mart F )
[15] department emissions of suppliers
store/U.S
Dall Comimitting suppliers ta.measure and reduce
[24] The computers' | carbenemissionsinorder to demonstrate climate

change awareness.

For FL, itslife cycle can be separated into two parts as follows:
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2.6.1 Life cycle assessment of fluorescent lamps

Life cycle assessment of FL revealed that major environmental impact lied in
the use stage due to the consumption of electricity. Tantempsapya and Y ossopol,
(2005) used Simapro 5.1 and Environmental Design Industrial Products (EDIP) to
assess the life cycle of an 18W standard FL (61 lumen/watt, 15,000 hour of life time)
and super FL (63 lumen/wait, 13,000 hour of life time), not include ballast. They
found that global warming impact of standare"FL .was 46 kgCO, and super FL was
203 kgCO,, ozone depletiondmpact of standard FL was equal to 1.96E-04 kgCFCi1
and super FL 1.75E-04.kgCEC,s and acidification of standard and super FL was
7.05E-01 kgSO; and 646501 kgSO,, respectively. The results indicated that
environmental impact ocgurred mostly 1n the use stage [26].

2.6.2 Life cycle assessment of Spent fluorescent lamp (SFL)

Spent fluoreseent lamp had been assessed in several cases. Apisitpuvakul et al.
(2008) assessed SFL (mot include ballast) with.0-100% recycle rates and found that
the environmental impact increased-when % of recycle rates decreased. Because FL
contains mercury, FL s considered as hazxza.;c.iogs waste. Before disposal in secure
landfill, SFL must be stabilized and solidified to [Srevent the escape of mercury to the
environment. Stabilization and solidification ‘bt‘oe&es used cement, sodium sulfide,
natural gas, electricity and water. If more recycle rates, the remaining hazardous
wastes decreased reducing the demand for cement and other ingredient used in
stabilization/solidification [27].

However, with the current situation where most of the FLs have not been
managed.properly, most-envirenmental impacts occurred from cement, sodium sulfide
and electricity  production. The results are similar’ to that of Bunprom and
Grisadanurak (2009) who provided more detail about quality of ingredient used in
stabilization sand solidification-processess Fhe-researcher, used Simapro /1 LCA
software to ‘assess environmental«impacts of a 18W. SFL . Disposal' without _recycle
consumed electrical energy of 0.0051 kWh/SFL, sodium sulfide 0.014 kg/SFL,
cement 0.2 kg/SFL and water 0.002 m*/SFL. On the other hand, disposal with recycle
used electric energy of 0.00361 kWh/SFL, sodium sulfide 0.019 kg/SFL, cement
0.028 kg/SFL and water 0.000208 m*/SFL. Therefore, the recycle scheme can reduce
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environmental impact especially ecotoxicity 10™ times when compared with the case
without recycle [28].

Techato et al. (2008) studied life cycle analysis of retrofitting with high energy
efficiency air-conditioner and fluorescent lamp in existing buildings, using Gabi-lite
software. One 36W FL (not include ballast) caused the generation of bulk waste at
1.64E-05 kg, hazardous waste 1.11 E-04 kg, radieactive waste 1.09E-09 kg and slag-
ash 6.02E-07 kg. The air-conditioner 12,000 BTU. caused the bulk waste to occur at
1.64E-05 kg, hazardous waste 4:11 E-04 kg, radicactive waste 1.09E-09 kg and slag-
ash 6.02E-07 kg [29].

Asari et a. (2008) reporied the life cycle flow of mercury with various
recycling fluorescent lamps scenarios in Japan. The main finding revealed that the
amount of mercury-gontaining producis ]in'."Japan were around 10-20 tons annually,
about 5 tons of whichiwas attributable fé FL. Most spent fluorescent lamps were
disposed of as waste: Only 4% of the tota]‘amount of mercury waste was recovered
(Flow of mercury in Japan during 2000—20()3).;The best method for disposal these
wastes are recovery and recycle [30]-

Most previous works .reported env-if()—nrp_ental impact assessments of SFL
where the major impacts came from cement pr})duction used in stabilization and
solidification of hazardous waste from FL before disposal in landfill. However, in
terms of energy. consumption, the use stage contributed the most environmental

burden when cempared with other life cycle stages.
2.6.3 Advantages.of carbon footprint label

The .CE label " has.a. lot of. advantages,in, various.parts. For instance,
communicate buyers could understand the carefulness of manufacturers regarding the
global warming problem, building of social consciousness and create a selling point
over-competitors. CF.of product. could be.used.as an. effective quantitative indicator
for performance henchmarking, managing, and communicating impaget on climate

change of products [15].

Significant motivations of Thailand factories to establish the CF of products
are[15];
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a) Regulatory pressures. Environmental regulations are one of the strongest
influences affecting the attitudes of corporate decision-makers. Policies such as GHG
reductions under Kyoto Protocol, IPCC policy, and carbon tax have been introduced

in many countries as directives to stimulate the industries towards the low carbon

society. SRRy

b) Corporate competitive press -' 3 érri t situation where there is a
growing market in eco=iri Y ;..:- !i ; ortunities for companies to
use CF of product as a sire - differentiate their products and enhanced
competitive edge. For insiance;according to the in UK 67% of UK consumers
surveyed are mo 7 y ct with a low carbon footprint, and 44%
would switch to a ) carpon' product \\‘T\ s not their first choice
[31]. ‘ =T A NN\

c) Opporiuniti # ional e /It is the mogt attractive
factor that urges companies t¢ nore a ene cause companies have already
begun to see red ' , ;\ ough better management of
resources. There aré ing ¢ S as companies become more

ﬂuﬁl’ﬂ’lﬂﬂﬁwmﬂ‘i
ammmm UANINYA Y



CHAPTER I11
METHODOLOGY

This chapter illustrates in more detail the methods and procedures for the
assessment in this research, to evaluate and investigate the environmental impact

specifically on the climate change category aver the life cycle of fluorescent lamp.

3.1 Goal and scope definition

3.1.1 Setting obj ectives

The main objective oisFL carbon footprint assessment is to evaluate carbon
footprints of TS and T8 FLs, The sub objectives are to investigate GHGs emission hot
spots and to suggest the improverment opti ons for mitigating GHG emissions from the

life cycle of FL and a@'so t@ compare carbon 'footpri nt between T5 and T8 FL products.

3.1.2 Defining the functional unit

FL is the lighting eguipment and so the functiona unit of FL is set as the
brightness of the lamp'in the [umen unit. The fBur types of FLs examined here have
different brightness as indicatedin"Table 3-'1‘::' and therefore to enable the comparison
between 36WT8 and 28WTS and between iBV\’/T8 and 14WT5, the brightness of
143,100 and 26,250 lumens respectively whi ch _@r_'e the lowest brightness that the two
sets of FLs can share an integer value are set' as thé main functional unit. The number
of lamps is then-calculaied by dividing the target brightnesswith the brightness of
each lamp as illustrated in Table 3-1. The number of baltasts is the same as the
number of lamps#ecause one FL uses only one piece of ballast.

Table 3:1yNumberyof fluorescent-lamp jintthe samebrightness

FLstype Brightness per Target brightness Nuniber of lamp
lamp (lumen) (lumen)

36WT8 2,650 143,160 54

18WT8 1,050 26,250 25

28WT5 2,700 143,100 53

14WT5 1,250 26,250 21

Average life time of FL is 20,000 hour that obtained from the life time test of

lamp factory. Ballast has average life time same as FL.
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3.1.3 Setting boundaries:
The assessment boundary of the fluorescent lamps and the ballast life cycle are
Business-to-consumer (B2C) including raw materials extraction and processing,

manufacturing process, distribution/retail, consumer use and disposal/recycling.

3.1.4 Building a process map

The process map diagram of FL, magnelie'ballast and electronic ballast life
cycle covering the wheleliie eycle of them from iheexiraction and processing of raw
materials to disposalef the preduet including packaging are depicted in Figures 3-1 to
3-3, respectively.

(1) Raw material acguisition: Ra\{y materials as the main component of FL
consist of 15 types; ten types for onlygl':L production and five types for sleeve
production (Packaging of Jlamp). The c;ollected data are from one of the lamp
industries in the central region of Thailand. The collection method started with the
initial contact to the fagtory, followed by a series of site visits in order to understand
the production process and collected data required for the evaluation of GHG
emission. The amount of rawy malerials used in'the production of FL product was
obtained from the analysis of the real production :-data. These raw materials data was
the weighted average in 17 months. However, most-GHG .emission of the raw
materials inventeries was from secondary sources, except 40k glass manufacturer
where primary déta are also available from the main supplier of the lamp industry.

Transportation of raw materials

Transportation ofsraw materials for lamp, glass and ballast manufacture was
evaluated based on standard assumptions Set out from the TGO's guideline [8]
because most industries have no records of these data. Exception for the transport of
glass bulb to the lamp factory usesthe primary data that obtained from the'glass bulb
factory. Furthermore, the transportation of raw meterials from-aboard is not,included
in the boundary of this study (limited only the transportation in Thailand). Details of
standard assumptions that used in the calculation of GHG emission from the

transportation of raw materials are shown in Table 3-2.
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Table 3-2 Standar d assumptionsfor transportation of raw material

Trip Distance (km) Vehicletype %]load E.F.[8]
. 22-wheel semi-trailer 0.0475
Delivering 700 trucks, 32 tons Full load kg CO.e/ton-km

. 22-wheel semi-trailer 1.0655
Returning 700 trucks; 32 tans Noload kg CO.elkm

The calculation of GHG emission follows Eguation (3.1):

GHG emission Weight.of - Distance E.F. of 31
= | X ) .. (31
(kg CO%e) material*(ien) (km) vehicle

The returning emission must be allocated to the 32 tons of goods being
delivered in that gparticuler trip. For the transport of giass tube to lamp industry
employed available primary daia 78:5 km:i‘jistance, 6-wheel trucks, 11 tons vehicle
type. L 4

(2) Manufaeturing process: GH!G from the manufacturing process was
derived from the amount of energy<and othér- uttlities used in the production process
of one FL (Both assembly and packaging process). Packaging process only covered
the sleeve production but not, the.carton box because the quantity of usage from the

selected lamp factory was not available.

Wastes from lamp production are wpératéd into three parts. The first one is
the wastewaier= containing phosphor compounds. Thisy wastewater goes to
sedimentation pond. The second part contains lamp wastes; paste, residual oil and
other wastes thatrelated with the component of lamp. These wastes are sent to the
waste management service company. The third part is the recyclable waste such as
papers which is sent to the recycling company. These three waste treatment methods
did not involve the emission of GHG and are treated as zero GHG sources.

Ballastsmanufaeturing isthe assembly, process that enly usesthe-elegtricity in
praduction process.

(3) Distribution/retail: For FL product is the transportation between
manufacturers with the nine main distributors around the center region of Thailand
(Boundary is not includes the transport of consumer). The transportation data of the

four FL products during January 2009 to May 2010 are analyzed. The vehicle types
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are 4-wheel trucks with a carrying capacity of 7 tons, and 10-wheel trucks with 16
tons capacity. The average distance is estimated from the distance between the
distributors and the producer, where the weight of product transported equals to the
number of FLs multiplied by the weight per each FL product (FL + Sleeve). The
calculation of GHG emission follows Equation(3.1).

Ballast employed the assumption standard.as shown in Table 3-2 and GHG
emission calculation follow Equation (3.1).

(4) Consumer user Fleconsumes electricity during its usage stage and the
GHG emission comes from the electricity production. The average life time of 20,000
hours was obtainedifrom ihe life time test of the selected lamp manufacture. Magnetic
and electronic ballasis also consume eIeétfi’bity with an average life time of 30,000
hours based on the'minimum operating caﬁéci_;y of electronic ballast. Magnetic ballast
has no specific lifetime and is Iong-lastih’g, but electronic ballast can operate from
30,000 hours (minimum expectancy) up Vt‘q.SQ,OOO hours (maximum expectancy).
Therefore, the average lifetime oftFl. set employed 20,000 hour (depended on FL).

(5) Disposal: Wastes-that have to;"r f)é‘:-ﬁisposed in this stage are spent
fluorescent lamp (SFL), packaging waste (slne_év_e)‘_ and spent ballasts. SFL and ballast
are considered to be either landfilled or recycle.d:\X/hiIe the packaging waste goes only
to landfill optien:—Landfitloption starts from stabilizatiorn ahd solidification of
hazardous wastes.-Recycling option includes the disassembl y-process and stabilization
and solidification.‘process as FL and balast compose @f hazardous substances
(Mercury in FL and/PCB in ballast). The quantities inputs and outputs (raw material
use, energy “use, 'solid wasie and others ‘emission) 'from each relaied unit recycle
process are applied fromApisitapuvakul et a. (2008). For packaging waste (sleeve of
FL), only landfill is considered. Far ballast base on-assumption that disassembly by
hand, therefore no'GHG emission related.

Assumption for the recycle option is the recoverable material such as glass
(cullet) from FL; steel and copper from ballast can recovery 100% and all of them go
to raw material production.
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Assumption for the landfill option is all of wastes go to stabilization and

solidification process and then dispose in secure landfill.

Table 3-3 shows the sources of data received in each stage of FL and ballast,
the method used in this research.

Table 3-8 Summarized of data sour cesin each stage

Stageon life — - Fr O Other research/ LCI
cycle P factory | Documentation | database
Glasstube — °
Raw material | Qther component ® ®
Ballast i [ [
Manufacturing | FL ® [
process Ballast [ [
Distribution® Ca° B T O
Retail F ¢ ¢
Distance transport _
Electri gl O
Consumer use ec r|C|t¥ prqductl on ®
Average life time ¥
Disposal -5 [
Limitation ¥

Althoughea_starter is also a basic component tn-the«FL set (with magnetic

ballasts), its contribution to the overall GHG emission Is only-marginal. As a rough

estimation, one starter consuimes only four watts of electricity and it only works afew

seconds during the start of the lamp. As the mgjority of GHG is generated during the

operationofsthe lamp, Jtiis assumed here that GHG emission varies-directly with the

power consumptian.of each device, Table 34 shows the example calculation of GHG

emission from each device in FL set, based on assumptions are five working hours of

Floand oallasty, two seconds*of starter; powen of ‘Fl,"magnetic ballast end starter are
36W, 10W and 4W, respectively.
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Table 3-4 the example calculation of GHG emission from each devicein FL set

. - GHG %
Device Power | Working | Electricity E.F. emission GHG
(W) | (seconds) | (kWh) | (kgCO.e/kWh) (KgCOs6)

FL 36 18,000 & 0.561 0.101 78.3
Balast | 10 [ 18000 | 0.0 0.028 21.7
starter | 4 . -06 1.25E-06 0.00

The following e contribution of starter to
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3.2 Inventory analysis and I mpact assessment

3.2.1 Identification of emission sources

The description of GHG emission sources in Chapter |1, Sections 2.2 about
direct and indirect emissions, can be used here to identify emission sources through
FL’s life cycle as illustrated in Figure 3-4.dngirect emissions come from upstream
and downstream emission and energy censumption from outside the factory
(purchased electricityy»water; -PG and natural-gas):For these processes, the exact
emission sources are not deseribed in this research, rather the emission factors will be
employed to estimaie the emission from such processes. Exception is for glass which
IS a necessary companent of FI&, where tlie production data are collected directly from
the one of glass factoryin Thailand (data collected during January 2009 to May 2010,
system boundary.#B2C, including «aw material acquisition, transportation of raw
material and production process éhd the fd}uctfbn unit Is one kg glass produced).

It is recommended there that the dgﬂnltlon of emission factor (E.F) be clearly
stated. E.F. can be divided mto two typei-' '?'he first'is “Cradle to Gate” (C2G) E.F.
which represents GHG emlsson Via o mie‘r’lal acqwsmon stage to the production
stage where that particular product iS prodw_ai,‘(most of these products will become
raw materials for other mdustnes) The seconet § “Gate to Gate” (G2G) E.F. which
represents GHG)emission from the usage of matenal/energy such as combustion

reaction, chemlca] reaction, feaking, etc. _‘"

Raw material

i _ i Manufacturing E ; D|stribgt|on/ -AHIJ_S;!_E i Disposal |
' acquisition stage . : process aE retail Lo e '
""""""""""""""" v /
'y N r e
Indirect Directiand ;
L ol Indirect emission
emission indirect
B emission . N
CZG E.F. & 1 CZG E.F.
G2G E.F. _
R : C2GE.F. & e ;
- Upstream G2G E.F. - Downstream
emission emission

Figure 3-4 GHG emission sour cesthrough FL'slife cycle
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Figure 3-4 states that upstream emissions are estimated from both C2G and
G2G E.F.s. Most of the times, C2G E.F. is employed, except for glass production
where G2G E.F. is used for specific activities that generate emissions. Emission
sources from glass tube production process are as follows:

(1) Chemical reactions (cecomposition) of raw materials that contain
carbonate compounds (Soda ash, Dolomite andtwe minor ingredients (not disclosed))
in furnace. This reactionwill release CO, as showh.inthese reactions:

Sodaash: NaCOz o > COy + Naow . 1)
Dolomite: CaMg(COg)p" —#=-=--- > 2C0, + CaO + MgoO ... (2

Reaction (1) smoleof Soda ash (105.99 g) will produce 1 mole of CO, (44 g).
Reaction' (2) 1 mole©f Dolomite (184.40 g) will produce 2 moles of CO; (88

9)- —
Two minor ingredients that cannot“‘,di sclose will produce 2 moles of CO, (88
9)-
Quantities of these materias usad peri kgglass production as obtained from the
primary source can be used to estimate COz'e'jrmssinon from each reaction.
(2) Energy censumption such a§e| ectricity, natura gas and water
supply in production process (using * C2G” E._F:_,t[gmrthe TGO’'sguideline [8]) and;
(3) Waste management of factory: The main wastes are wastewater
(wastewater treatment, “G2G" E.F. from the TGO's guideline [8]) and solid waste
(dispose in landfiit, using “G2G” E.F of degradation of each waste from the TGO'’s
guideline [8]).

Fer the production, proeessy direct. emissions ,of FL ceme from LPG
combustion, Lkamp _industry: use LPG in baking and 'exhausting ghe lamp. Other
sources are indirect emissions such as energy and water consumptions.

Doewnpstream .emissiens~or; indirest pemissions (framadistribution, juse and
disposal/recycle stages are from the use'of C2G EF.

Magnetic and electronic ballasts are necessary components that come with FL,
and their emission should be from primary sources but due to the difficulties in
obtaining the target manufacturers, these are obtained also from secondary sources,
i.e. C2GE.F.
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3.2.2 Collection activity data: the activities data collected including the
annual product records data from the factories, bill of energy consumption of factory
(electricity, water bill), power of machine in process, LPG used from flow meter of
machine and the weight of some material from scale. The annual product records such
as the type and quantity used of raw meterial and waste generated in the main and sub
production process, amount of product produiced,.and distance and number of product

in transportation (lamp preduction) and amount of waste generated etc.

All of activities data orprimary data collected aredivided into two parts: glass
production and FLeproduetion. /' The FL production will be evaluated in detail;
however, the resulting inventory from all activities data per unit lamp and minor
ingredient cannot be showa in this report as it is confidentia to the company. The
activities data of sthe man manufacturing process is shown in Table 3-5, stem
production shown inTable 3-6, slecve p?‘lpdﬂ'ction shown in Table 3-7, cement and
phosphor mixing showniin Table 3-8 and Table 3-9 respectively. All of activities data
collected for glass productioh are showfi :n -"-Table 3-10. These tables represent

material, energy and water consumptions atSUch process.

b ir
L

Table 3-5 Activities data of the main.manufacturing process

No. | Activitydata | unit = Remar k
1 | GlessBulb kg | Structure of FL
2 | Electueity kWh | All main machine
3 |LPG kg | Baking and exhausting machine
4 | Electricity KWh | Washing and coating machine
5 | Electricity kKWh | Lighting system
6.4 Water supply. m° . | Washing.the glass tube
7| Mercury Kg @ | PutintheFRL
8 .| Inert gas Kg | Gas usedinstead of air in lamp
Table 3-6.Activities data of the stem production
No. Activity data unit Remark
1 | Glass kg Stem tube and exhaust tube
2 | Electricity kwh | Stem machine
3 | Electricity kWh | Lighting system
4 | Leadinwire kg Nickel and copper
6 | Cail kg Tungsten




Table 3-7 Activities data of the sleeve production

No. | Activity data | unit Remark

; \?\/rr(:ivt\l:pﬁp:r tg The paper for produced crepe paper

3 | Electricity kWh | Sleeve machine

4 | Tape kg | Paper adhesion:

5 | Water supply | m® | Mixer of gum

6 | Latex gum kg | Purchase gum«(Mixed with water before use)

7 | Electricity kWh | Lighting sysiem

s | pase e Gum from tapioca fleur mixed with NaOH

and water
T able 3-8'Activities data of the cement mixing

No. Activitydata -4 LTS & Remark

1 | CappingCement kg | Mixed with methanol

2 | Base kg | | Aluminum cap

3 | Methanol kg | Mixed with cement

4 | Electricity "kWh " Mixing machine

Table 3-9 Activities datai!!@ﬁ_.ghe phosphor mixing

No. Activity fatayy L7 unit | Sl Remark

1 | Lacquer . kg Mixer

2 | Demonized water 1= kg | Mixer .

3 | Phosphor Powder kg Mixer

4 | Al urﬁiznl Im.oxide Kg MiXer -

5 | Electricity kg | Mixer machine - -

6 | Minor ingredients kg | Mixer '

Table 3-10 Activities data of the glass manufacture

No: Activity'data unit Remark

1 | Cullet Kg Glassrecycle

2 "' SilicaSand kg Sand

3 | Sodaash kg NaCQOs

4 | Delomite kg CaMg(COz),

5 | Minor ingredienis kg Made quality better

6 | Electricity kWh | Inline process

7 | Water supply m> | Cooling system

8 | Natural gas kg Furnace

9 | Chemical reaction - Decomposition reaction
10 | Packaging kg Carton

45
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The inventory is collected in the unit of weight of materials or energy per
product produced such as kg/lamp, kWh/lamp, m*/lamp, etc., and will be separated
for the four types of FLs. Tables 3-11 and 3-12 represent the all ocation method for the
material/energy used in lamp industry and glass industry respectively.

Table 3-11 Allocation method 1ndamp industry

. Allocation
List P Reasons
Water supply Thenumber | The same quantity of water supply used of
used ofslamp washing each lamp
Electricity il Thenumber ' | The amount of work area for line process of

of alilamp | each product issamevalue (Thelighting
product system is 5% of all electricity used)
= Each line process has recorded the data for
The number T each FL that producesin the daily data (Raw
of each lamp | material used and number of good lamp
type product prod'uced in each day).
| 40 {14 18WT8, L5 36WT8, L7: T5.

lighting system

Raw materid
used

¥
Table 3-12 AHocation methed in glass industry

List Allocation method e Reasons
50% of all water used is used in glass
Water supply | By massof glass | production process (cooling system
used produced machine: same machine, same quantity
of water used)
Electricity ~ |-, By massof glass | The same of machine and other
used produced equipment in each line process
Natural gas By mass of glass | The furnace is the continuous system
used produced and.has the same melting temperature
Raw material By mass of glass' / | The amount of raw material, used depend
used produced on.mass of glass produced

3:2.3/Select emission factor iyGHG emission, facter is thesameuntyof GHG
emission per activity unit such'as GKHG emission per kWhi of_electricity production.
Emission factors can be found from LCI databases. Most of E.F.s used in this research
comes from the TGO'’s guideline [8] and some are from the calculation by Simapro
7.1 (Ecoinvent 2.0, IPPC 2007 GWP 100a). Tables 3-13 and 3-14 represent E.F.s of
material and energy production (some combustion) for lamp industry and glass
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industry, respectively. Table 3-15 displays the E.F.s of vehicle (transportation) used in
this research. Table 3-16 represents E.F.s of material and energy production (some

combustion) in case of ballast.

3.3 Interpretation

“présents.the total emission of greenhouse

gases in terms of kg CO.e/lamp. CF hel ps ots (the stages with the

highest GHG emission 'om 3 target for_improvement. Comparison

of each FL CFisequa C :}‘*- p multiplies by the number

) The!Ck ; ‘j‘,-";" N : P
of each FL with the same brighiness (se “«\

AUEINENINYINS
RN TAUNIINGIAE



Table 3-13 CO, emission estimates of material and energy preduction (lamp industry)

No. List unit (kg C%:é/unit) Reference data Reference database
1 | Glass kg 3.4352 \Calculation
2 | Mercury kg 118 Obtained from Simapro GLO S, IPPC 2007 GWP 100a
3 | Aluminum kg 1242 TGO's guideline Ecoinvent 2.0, IPPC 2007 GWP 100a
4 | Copper kg .47 TGO sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
5 | Argon liquid kg 0.285 Obtai ned from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
6 | Krypton gas kg 107 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
7 | Mono Calcium phosphate | kg 152 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
8 | Sodium tripolyphosphate | kg 58 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
9 | Aluminum oxide kg 123 Obtai ned"l_“rcm Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
10 | Lacquer kg 6.74 TGO’'sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
11 | Brown paper kg 0.735 TGO’S_gui deline Ecoinvent 2.0, IPPC 2007 GWP 100a
12 | White paper kg 0.735 TGO"s guideline Ecoinvent 2.0, IPPC 2007 GWP 100a
13 | Tapiocaflour kg 0.541 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
14 | Sodium hydroxide kg 1.2 TGO sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
15 | Tape kg 319 TGO’ sguideline Industry data 2.0, |PPC 2007 GWP 100a
16 | Latex gum kg 2.64 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
17 | Tungsten kg 21.2 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
18 | Nickel kg 24.3 Obtained'from Simapro GLO S, IPPC 2007 GWP 100a
19 | Methanal kg 0.739 Obtainedfrom Simapro GLO S, IPPC 2007 GWP 100a
20 | Electricity kwWh 0:561 TGO''sguideline TC Common data
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Table 3-13 CO, emission estimates of material and energy production (lamp industry), (Continue)
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=

No. List unit (kg COLefifiL) Reference data Reference database

21 | LPG (production) kg 0.270 TGO’ sguideline IDEMAT 2001, IPCC 2007 GWP 100a

22 | LPG (combustion) m° 1,830 Qbtainéd from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a

23 | Water supply m° 0.0264 4 TGO sguideline Metropolitan Waterwork Authority (Thailand)

24 | Deionized water kg 5.98E-04 Obtai ned,from Simapro CHU, IPPC 2007 GWP 100a

25 | Natural gas (production) m 0.328 - Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a

26 | Natural gas (combustion) MJ 00712 Obtainéd from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a

27 | Sodium sulphate kg 0.39 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a

28 | Cement kg 0.995 Obtained ]‘.rf?m ‘Simapro ETH S, IPCC 2007 GWP 100a
Glass The Climate

29 (100% recovery material) kg 033 : Conservar)qy;_(zom) )

30 | Zinc kg 0.249 Ecoinvent 2.0, IPPC 2007 GWP 100a

Obtained from'Simapro

LN
5 4y
od =l




Table 3-14 CO, emission estimates of material and energy. production (glassindustry)
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No. List unit (kg COuelinie) Reference data Refer ence database
1 | Silicasand kg 0.0244" TGO’ sguideline Ecoinvent 2.0, IPPC 2007
2 | Sodaash kg 119 TGO’ s quideline Ecoinvent 2.0, IPPC 2007 GWP 100a
3 | Dolomite kg 0.0265 : TGO'sguideline Ecoinvent
4 | Feldspar kg 0.0037 TGO's guideline Ecoinvent (V 2)
5 | Minor ingredient - - , Cannot'shaw the data -
6 | Diesel fuel (production) Liter 04363 TGO's guideline BUWAL 250
7 | Diesdl fuel (combustion) Liter 2.708 TGO'sguideline |PCC2007, DEDE
8 | Wastewater treatment Liter 0.0012 TGO'squideline JEMAI
9 | Other solid waste (landfill) | m® 2.32 FEOSE inal) | 2006 1PCC GuiddinesTor National Greenhouse
e 02 A4 Gas Inventories - Volume 5: waste
. ’ — 2006 |PCC Guidelines for Nationa Greenhouse
10 | Rag waste (landfill) kg 2.00 47 TGO s;gfq_!f:iil jpe Gas Inventories - Volume 5: waste
. : e 2006 1PCC Guidelines for National Greenhouse
11| Garbage (landfill) kg - 7215 ,3 — - TE? igglddl% .~ - Gas Inventories - Volume 5: waste
12 | Wood (landfill) kg 3.33 TGOSy 2 ' PCC Guidelines for National Greenhouse

Gas Inventories - Volume 5: waste




Table 3-15 CO, emission estimates of vehicle (transportation)
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. : s
No. Vehicle unit 8 o dunit) Reference data Reference database
1 (ZFZl;‘l’lVTs:'d)sem""a' lertrucks, 321ons | 00475 TGO squiddline | TH database, classified and uncertified
2 (ZSOWIZZ') semi-trafler trucks, 32tons | | g 40655 = | TGO'squiddine | TH database, classified and uncertified
3 | 10-wheel trucks, 16 tons (Full load) ton-km 0.0478 “TGO'sguideline | TH database, classified and uncertified
4 | 10-wheel trucks, 16 tons (No load) km 0.6001 | TGO'sqguideline | TH database, classified and uncertified
5 | 4-wheels pickup, 7 tons (Full load) ton-km 04913 | TGO's guideline | TH database, classified and uncertified
6 | 4-wheels pickup, 7 tons (No load) km 0.3492 . TGO'sguideline | TH database, classified and uncertified
7 | 6-wheelstrucks, 11 tons (Full load) ton-km 0.0639 L TGO'sqguideline | TH database, classified and uncertified
8 | 6-wheelstrucks, 11 tons (No load) km €:5339 TH database, classified and uncertified

TGO sguideline

Remark: Emission factorsin this table are involved GHG émission from ugstream emission and combustion.



Table 3-16 CO, emission estimates of material and energy production in case of ballast.

52

No. List unit (kg CE(;}unit) Reference data Reference database
1 | Sted kg 1.8 TGQ' s guideline Ecoinvent 2.0, IPPC 2007
2 | Copper wire kg 3.47 TGO's guideline Ecoinvent 2.0, IPPC 2007 GWP 100a
3 | Nylon Bobbin kg 1.91 TGQO.s guideline LCA Food DK
4 | Polyester film kg 7.54 FGOs guideline Ecoinvent 2.0, IPPC 2007
5 | Aluminum kg 1@ * TGO'sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
6 | Paint kg £79 Obtai ned from Simapro ETHS, IPPC 2007 GWP 100a
7 | Thinner kg 1.5 (TGO sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
8 | Paper kg 0.435 TGO 'sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
9 | Capacitor kg 83.1 — TGOS d_UijdeI_i ne Ecoinvent 2.0, IPPC 2007 GWP 100a
10 | Printed circuit board (PCB) | kg 271.7 TGO’sguideline Ecoinvent 2.0, IPPC 2007 GWP 100a
11 | Insulation material kg 5.07 Obtained from Simapro DES, IPPC 2007 GWP 100a
12 | Brazing solder kg 2.12 “~Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
13 | Jumper wire (copper) kg 1.99 Obtained from Simapro Ecoinvent 2.0, IPPC 2007 GWP 100a
14 | Integrated circuit (IC) kg ~9.16E03 Obtained from Simapro | + Ecoinvent 2.0, IPPC 2007 GWP 100a




CHAPTER IV
RESULTSAND DISCUSSION

This chapter presents the data used in GHG emission assessment of four
fluorescent lamp types and reports the results of GHG emission in each life cycle
stage, i.e. raw material acquisition, manufacturing process, consumer use, disposal

and also related transportation. Figure 4-1 displaysihe research boundary.

Raw matesials acquisition !‘— | Energy
T

_ i N

“an et

Y. l*:—:"—_ Transportation

i Mapdfacitring process |
v FF7i i
i Fluorescent lamp prczduef‘
V- i,

Consumer use 0 —%

" I
o SLELSR

Disposal ol |
FIF e )
v iy o )
Landfill option{}--Recycle option |

)

e I I o6 L WP G e
= ‘T d ol =~

Figure'4-1 Resear ch boundary

4.1 Inventory‘analysis st
4.1.1 Raw material acquisition and preprocessing for FL

Tables 4-1 to 4-4 show' the 'main raw: materials used to produce 36WT8,
18WTS, .28WT5 ‘and 14WTS5 FL, respectively. Note that this stage contains two
groups of primary data, i.e. raw materials and .energy used for Flz aand glass

production precesses.

The production of T8 involves a dlightly different set of raw materials with T5
as described below:

a) The Stem tube for T5 is purchased from another company which aready

combines flare with exhaust tube, while the stem for T8 is produced onsite which
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makes it possible to separate the weight between the stem tube and the exhaust tube.

However, this does not affect the overall evaluation as the weights of both tube

components are rather small compared to the weight of the glass tube for the bulb.

b) Inert gasfilled in T5 lamp is 100% argon gas while T8 contains the mixture

between argon and krypton gases.

c) Unlike T8, the sleeve of T5 is" automatically assembled using latex
adhesive, without theruse of paste and tape. Therefore the production of Seeve T5

does not require tapioca fl ourand‘sodium hydroxide.

d) Mercury filled in T8 FL is pure liquid mereury but T5 FL is the mercury
bead containing 49:36% mereury and 50.53% zinc.

The inveniory for glass productionj'(all _through the four stages of its life cycle
based on business-to-business (B2B).basi s)' is summarized in Table 4-5.

Raw materials and energy used to produce magnetic and electronic ballasts are

illustrated in Tables 4-6. ""{-‘,

r dd
L

4.1.2 Manufacturing proceﬁs —

FL production conshh%éé energy for thé-(_)_r')_erétion of manufacturing machines
and lighting systems;-waiei-for-eleaning-and-mixing-chemical S I1ke phosphor solution
and cement, and LPG for baking and exhausting process of FL. Tables 4-7 to 4-10
summarize energy consumption in each sup-process of 36WT8, 18WT8, 28WT5 and
14WTS5 FLs, respectively.



Table 4-1 Raw materials used to produce one 36\W. 1.8 fluor escent lamp

No. Raw material Unit i~ Stem_ S'Ge"? Phqsphor Ce_m_ent Total
progesS 4fproduction .| production mixing mixing
1 | Glasstube kg 0.2038 0.2038
2 | Phosphor powder kg ' 4.05E-03 4.05E-03
3 | Lacquer kg 5.92E-03 5.92E-03
4 | Aluminum oxide kg o 1.31E-04 1.31E-04
5 | Stemtube kg 6.66E-03 6.66E-03
6 | Exhaust tube kg 5.09E-03\ 5.09E-03
7 | Nickel kg 9.81E-05" 9.81E-05
8 | Copper kg 1.73E-04== 1.73E-04
9 | Tungsten kg ~ A30E-055 4.39E-05
10 | Argon gas kg 4.69E-07 . 4.69E-07
11 | Krypton gas kg | 176E:05 — 1.76E-05
12 | Phenolic resin blend kg faidy 3.65E-04 3.65E-04
13 | Minerd fillers kg — il 2.73E-03 2.73E-03
14 | Methanol kg ot e - 2.45E-04 2.45E-04
15 | Mercury kg 1.00E-05 1.00E-05
16 | Aluminum kg 2.13E-03 2.13E-03
17 | Copper kg 1.30E-03 1.30E-03
18 | White paper kg 9.53E-03 9.53E-03
19 | Brown paper kg 1.59E-02 1.59E-02
20 | Latex gum kg 4.94E-04 4.94E-04
21 | Tape kg 1.98E-03 1.98E-03
22 | Tapiocaflour kg 217E-04 2.17E-04
Sodium hydroxide kg
23 (NaOH) 5.65E-06 5.65E-06
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Table 4-2 Raw materials used to produce one 18W I8 fluor escent lamp

No. Raw material Unit - Stem_ Sleeve Phqsphor Ce_m_ent Total
proeess 4" production. | production mixing mixing
1 | Glasstube kg 0.0939 0.0939
2 | Phosphor powder kg 2.33E-03 2.33E-03
3 | Lacquer kg 3.70E-03 3.70E-03
4 | Aluminum oxide kg  * 6.90E-05 6.90E-05
5 | Stemtube kg 5.54E-03- 5.54E-03
6 | Exhaust tube kg 3.95E-03 3.95E-03
7 | Nickel kg 8.79E-05 8.79E-05
8 | Copper kg 1.55E-04= 1.55E-04
9 | Tungsten kg » 3, 13E-05" 3.13E-05
10 | Argongas kg 4485E-07 4.85E-07
11 | Krypton gas kg 6.06E-06 == 6.06E-06
12 | Phenolic resin blend kg 44 3.17E-04 3.17E-04
13 | Minerd fillers kg = 2.37E-03 2.37E-03
14 | Methanol kg -t - 2.13E-04 2.13E-04
15 | Mercury kg 1.00E-05 1.00E-05
16 | Aluminum kg 1.85E-03 1.85E-03
17 | Copper kg 1.13E-03 1.13E-03
18 | White paper kg 4.87E-03 4.87E-03
19 | Brown paper kg 3.13E-03 8.13E-03
20 | Latex gum kg 3.14E-04 3.14E-04
21 | Tape kg 1.18E-03 1.18E-03
22 | Tapiocaflour Kg 111E-04 1.11E-04
Sodium hydroxide kg
23 (NaOH) 2.89E-06 2.89E-06

56



Table 4-3 Raw materials used to produce one 28\W.I.5 fluor escent lamp

No. Raw material Unit — Stem_ Sleevg Phqsphor Cgment Total
process™ i/ proaduction | produetion mixing mixing
1 | Glasstube kg Q4473 \ 0.1473
2 | Phosphor powder kg : 4.94E-03 4.94E-03
3 | Lacquer kg : 4 7.54E-03 7.54E-03
4 | Aluminum oxide kg - 1.87E-04 1.87E-04
5 | Flare and exhaust tube kg ;. 4.82E-03 & 4.82E-03
6 | Nicke kg 9:23E-05 9.23E-05
7 | Copper kg 2.32E-04, | 2.32E-04
8 | Tungsten kg AT 2.71E-05
9 | Argon gas kg 143E-06 4ia ik 1.43E-06
10 | Phenolicresin blend kg : A 2.37E-04 2.37E-04
11 | Minerd fillers kg = 1.77E-03 1.77E-03
12 | Methanol kg it fipml= 1.59E-04 1.59E-04
13 | Mercury kg | 7.31E-06 7.31E-06
14 | Zinc kg - 745E-06 7.45E-06
15 | Aluminum kg- 2.02E-03 2.02E-03
16 | Copper kg 2.52E-03 2.52E-03
17 | White paper kg 9.43E-03 = 9.43E-03
18 | Brown paper kg 1.15E-02 1.15E-02
19 | Latex gum kg 1i61E-03 1.61E-03
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Table 4-4 Raw materials used to produce one 14\W.I 5 fluor escent lamp
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No. Raw material Unit —_— Stem_ Sleevg Phqsphor Cgment Total
Proeess 4" production || production mixing mixing
1 | Glasstube kg 0.0Z37 \ 0.0737
2 | Phosphor powder kg : 4.28E-03 4.28E-03
3 | Lacquer kg : 6.62E-03 6.62E-03
4 | Aluminum oxide kg - 1.13E-04 1.13E-04
5 | Flare and exhaust tube kg 5.45E-03\ |4 5.45E-03
6 | Nickel kg 1.03E-04" 1.03E-04
7 | Copper kg  259E-04 | 2.59E-04
8 | Tungsten kg ZIREQ5 2.73E-05
9 | Argongas kg 6.04E-07 | i i 6.04E-07
10 | Phenolic resin blend kg ee s 4 3.54E-04 3.54E-04
11 | Minerd fillers kg -— 2.65E-03 2.65E-03
12 | Methanol kg i I o = 2.38E-04 2.38E-04
13 | Mercury kg, i 7:31E-06 7.31E-06
14 | Zinc kg I -7.45E-06 7.45E-06
15 | Aluminum kg 3.01E-03 3.01E-03
16 | Copper kg 3.77E-03 3.77E-03
17 | White paper kg 1.28E-02 1.28E-02
18 | Brown paper kg 1.42E-02 1.42E-02
19 | Latex gum kg 2148E403 2.48E-03




Table 4-5 Raw matenal§ f one kllogram of glass

Total

0.6068

0.5021

0.2353

0.1507

0.1132

0.0434

0.4278

4.35E-04

31.33

2.65E-03

2.65E-03

8.26E-04

8.26E-04

2.07E-04

2.07E-04

No. Raw material

1 | SilicaSand k

2 | Cullet

3 | Sodaash -

4 | Dolomite g SE

5 | Feldspar 3

6 | Minor ingredients g =

7 | Electricity K A

8 | Water supply W rd e

9 | Natural gas MJ -
10 | Wastewater m o
11 | Garbage kg Fy A,
12 | Lumber kg =

13 | Ragand glove kg T BT
14 | Solid waste

15 | Packaging (Carton)

EB

2.11E-04

2.11E-04

Z

| 1.43E-03

1.43E-03

0.0692
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Table 4-6 Raw m@er

b

V///

gy-Uised me piece of ballast

No. ltem """ml Magne as Electronic ballast
1 Steel 0.1778
2 | Copper wire 0.0010
3 Nylon Bobbin 0.0054
4 | Polyester film F ik L4 -

5 | Aluminum vaiy uﬂ“ﬂlﬁm -
6| Paint f 741w 002 :
7 | Thinner F ko (-0 48 \oRotl -
8 | Paper r JJ k v 000 NN -
9 | Transformer N W= “‘ 0.0738

10 | Capacitor ¥ . 0.0332
11 | Printed circuit board (PCE 0.0293
12 | Insulation material 0.0105
13 | Resistor 0.0060
14 | Transistor 0.0056
15 | Solder paste 0.0048
16 | Diode 0.0046
17 | Fuse . 0.0016
18 | Jumper wire o 0.0014
19 |NTC - - 0.0010
20 | Integrated circuit (IC) KO 1 0.0005
21 | Fixed inductor kg - - 0.0002
22 - 0.0003
23 h ) ﬁ‘ﬁ' 0.67

Potential m = R
ety e‘ﬁﬂi -
| - L
4

|

| =

ARIAINTAUMINGIAY
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Table 4-7 Utilities used.in each sub-process of one 36W T8 FL production

No. Utility Uniit «fuemidain Sgm SRS Phosphor | Cement Total
preeess«# | production | production mixing mixing
1 | Electricity \
- Operate machine kKWh | 677502 1.64E-03 5.27E-03 3.33E-04 4.96E-05 7.50E-02
- Washing and coating kWh™ 1.62E-02 ; s & 1.62E-02
- Lighting system kWh | #1.23E-02 :1.27E-*Q?; 6.60E-04 1.42E-02
2 | Water supply e
- Washing glass tube m° | 4.57E-03 J 1.57E-03
- Mixer m’ - 1.62E-03 1.62E-03
3 |LPG kg Bi76E=02 wr i 5.76E-02
4 | Deionized water kg A 5.65E-03 5.65E-03
Table 4-8 Utilities used in each Esub—proc&sé’o;f:&he 18WT8 FL production
No. Utility unit | MADZZT SETiERimRS e | Phosphor | Cement Total
: process | production | production mixing mixing
1 | Electricity A~ roF
- Operate machine kWh: | 5.43E-02 1.27E-03 437E-03 " 1.85E-04 4.31E-05 6.02E-02
- Washing and coating kWh=| 1.61E-02 . 1.61E-02
- Lighting system kwh | 1.23E-02 9.77E-04 1.22E-04 1.40E-02
2 | Water
- Washing glass tube m> |”1:51E-03 1.51E-03
- Mixer m’ 8.44E-04 8.44E-04
3 |LPG kg 4.96E-02 4.96E-02
4 | Deionized water kg 3.39E-03 3.39E-03
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Table 4-9 Utilities used.in each sub-process of one 28WT5 FL production

No. Utility Uniit «fuemiain StEm SRS Fhosphor | Cement Total
preeess«+ ! production | production mixing mixing
1 | Electricity \
- Operate machine kWh | 255601 7.14E-04 3.06E-03 4.62E-04 3.22E-05 2.60E-01
- Washing and coating kwWh™" 3.97E-02 y s & 3.97E-02
- Lighting system kwh [#236-02 | 551604 | 7.02E-04 1.41E-02
2 | Water e
- Washing glass tube m> | A4.58E-03 J 1.58E-03
- Mixer m’ - 4.02E-04 4.02E-04
3 |LPG kg 146201 c 1.46E-01
4 | Deionized water kg 7 7.65E-03 7.65E-03
Table 4-10 Utilitiesused in '@ch'wb—proc&’é—éﬁ‘fme TAWTS5 FL production
No. Utility unit | MaNZZe Senggiipsicve | Phosphor | Cement Total
, process” | production | produetion | _mixing mixing
1 | Electricity A~ )
- Operate machine kWh | 4.09E-01 8.08E-04 1.056-02 (v 3.10E-04 4.82E-05 4.21E-01
- Washing and coating KWhR—ji 7.27E-02 u 7.27E-02
- Lighting system kwh | 1.23E-02 6.24E-04 2.41E-03 1.58E-02
2 | Water
- Washing glass tube m> | "1.55E-03 1.55E-03
- Mixer m? 6.21E-04 6.21E-04
3 | LPG kg 1.46E-01 1.46E-01
4 | Deionized water kg 6.23E-03 6.23E-03
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4.1.3 Distribution/r etail

number of lamp into the weight of product islisted in Table 4-15.

63

The transportation details (17 month) of the four FL products are presented in
Tables 4-11 to 4-14, respectively. The weight of each FL product used to convert the

Table 4-11 Transportation datafor 36WT8 FL product

NoO L ocation Distance ¢ +Total number of product transport
) (km) A-wheels truck 10-wheelstruck
Chakawat J
1 Samphanthawong.zene 35-1 — )
2 | Prakanong 20.8 400 -
3 | Ramall 58.91 - 161,999
4 | Rangsit. g2.4% 218 41,610
5 | Ladprao 74 296 37,623 461,321
6 | Suan Pak, Taling Chan. A7.3 45 |4 585 106,520
7 | Bangplee digirict 18.8 152 -
8 | Muang Samut Sekhon | 584 - 35,000
)
Table4-12Transporiation data for 18W T8 FL product
NoO Locatial | Distance | Total number of product transport
' (km) "4 4-wheelstruck 10-wheels truck
Chakawat .
1 Samphanthawong zone' | -* S 1-1;9’934 ]
2 | Prachatipata road 36.6 == 350 -
3 | Srinakarin road 11817/ AR E2.200 -
4 | Ramall 38.9 19,690 124,260
S |Rangsit. = — - 44,640
6 | Ladprag 74 29.6 20,000 318,271
7 | Suan Pak, Faling Chan. 47.3 - 31,980
8 | Muang Samut Sakhon 58.4 - 36,200
Table4-13 Transportation data,for 28WT5 FL product
No LbStibn Distance | ™, Total number. of*pr oduct transport
' (km) 4-wheelstruck 10-wheelstruck
Bang-chak, Rang
1 | Rotfai i Kaow Road | &3 res '
Chakavat
G Samphanthawong zone - | [
3 | Phaholyothin 52 48.4 1,796 -
4 | Nonthaburi 43.9 2,616 209,904
5 | Rangsit 324 16,725 2,000
6 | Ramintra 41.2 4,520 -
7 | Ladprao 74 29.6 10,365 98,802
8 | Suan Pak, Taling Chan. 47.3 25 550
9 | Chon buri 103.9 3,000 -
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Table 4-14 Transportation data for 14WT5 FL product

No L ocation Distance| Total number of product transport
) (km) 4-wheelstruck 10-wheelstruck
Chakawat
1 Samphanthawong zone 351 275 )
2 | Prachatipatai road 36:6 225
3 | Phaholyothin 52 48.4 296
4 | Nonthaburi 43.9 482
5 | Rangsit g 6,900 500
6 | Ramintra 41.2 450 -
7 | Ladprao 74 296 875 6,066
8 | Suan Pak, Taling Chan. 47.3 >
9 | Nakhon Pathom 34.6 98
Table4.15 Weight of each FL product
FL type Weight of Iamp . | Weight of sleeve | Total weight
(k9) : (kg) (kg)
36WT8 @1775 = 0.0233 0.2007
18WT8 0.0886 L 4 0.0120 0.1006
28WT5 0.1100 i 0.0182 0.1282
14WT5 0.0579 4 0.0111 0.0690

4.1.4 Consumer use

,. f
A

The amounts of electrIC|ty consumed by {he four FL types and ballast through
the period of their use are illustraied in T’a'?le 4-16 and 4-17, respectively. The

average life time of FL setis 20, 000 hours. Ty

Table 4-16 Electri city consumption of the four Frl:_ types

FL type Power per lamp | Average lifetime | Electricity consumption
(kW) (hours) (kWh)
36WT8 0.036 20,000 720
18WT8 0.018 20,000 360
28WT5 0.028 20,000 560
14WT5 0.014 20;000 280
Table 4-17 Elegtricity consumption of ballast
Ballast Power -« | Average lifetime | Electricity consumption
(kW) (haurs) (KWh)
M agnetic 0.010 20,000 200
Electronic 0.003 20,000 60

Remark: Power of magnetic ballast data comes from TOSHIBA LIGHTING [32]
and the selected lamp factory. For electronic ballast comes from the selected lamp

factory.
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4.1.5 Disposal/recycle

Two disposal options contains with stabilization and solidification process.
The amount of materials used in this process depended on the weight of wastes. Table

4-18 and 4-19 summarizes the weight of SFL s and ballasts fed into landfill option and

Table4-19 We| gh f

List Residual waste

(kg)

36WT8 FL 0.018
18WT8 Fl 0.009
28WTSFL | 0.011
IAWTSEL 0.006
Magnetic ballast ; 0.029
Electronic bal ('ﬂ 0 357 0.253 0.104
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Table 4-20 Raw materials and ener gy.used in recycling option of four SFLs

Di bly process Unit Unii/Kg'waste 36WT8 18WT8 28WT5 14AWT5S

1) (2) ) (4) ©)
Inputs | Electricity use KWh 14502 2.57E-03 1.28E-03 1.60E-03 8.40E-04
Water use s 0,00E:04.__} 1.60E-04 7.97E-05 9.90E-05 5.21E-05
Natural gas use m 2.30E-04 4.08E-05 2.04E-05 2.53E-05 1.33E-05
Outputs | Cullet kgs QI0QE0L- —|* 1.60E-01 7.97E-02 9.90E-02 5.21E-02
residual waste kg 1.00E-0d—p 1.77E-02 8.86E-03 1.10E-02 5.79E-03
Mercury vapor emission Ko 249E-07 - 1 §| 43.89E-08 1.94E-08 2.41E-08 1.27E-08
Mercury emission to water kg 3.68E-09" ¥ 6.53E-10 3.26E-10 4.05E-10 2.13E-10
Stabilization and solidification process | Unit | Unit/kgwaste | . 36WT8 18WT8 28WT5 14WT5
Inputs | Electricity use kWh 0.0255 ' 452E-04 2.26E-04 2.81E-04 1.48E-04
Water use m’ 0.0010 - L 1.77E-05 8.86E-06 1.10E-05 5.79E-06
Sodium sulfide use kg 0.0700 — 1.24E-03 6.20E-04 7.70E-04 4.05E-04
Cement use kg 10000 “1.77E-02 8.86E-03 1.10E-02 5.79E-03
Output | Generated solid waste kg 2.0500 ~ 3.64E-02 1.82E-02 2.26E-02 1.19E-02

Remark: (2), (3), (4), (5) = (1) * the weight of eachFLresidual waste in Table 4-19
Table 4-21 Raw-matertatsand-energy-used-tn-tandfii=opticn of four SFLs

e e . Unit/kg waste 36WTS8 18WT8 28WT5 14WT5

Stabilization and solidification process | Unit B ™) ®) ) (10)
Inputs Electricity use KWh 0.0255 4.52E-03 2.26E-03 2.81E-03 1.48E-03
Water use m’ 0.0010 1.77E-04 8.86E-05 1.10E-04 5.79E-05
Sodium sulfide use kg 0.0700 1124F:02 6:20E-03 7.70E-03 4.05E-03
Cement use kg 1.0000 1.77E-01 8:86E-02 1.10E-01 5.79E-02
Output | Generated solid waste Kg 2.0500 3.64E-01 1.82E-01 2.26E-01 1.19E-01

Remark: (7), (8), (9), (10) = (6) * the total weight of each FLwastein Table 4-18




Table 4-22 Raw materials and ener gy used in recycling option of ballasts

Di bly process - Unit/kgwaste Magnetic ballast Electronic ballast
(11) (12) (13)
I nputs By worker - | *® - -
Outputs | Steel recovered kg 1 - 0.85 0.215
Copper recovered Kg - 0.103 0.038
Aluminum recovered kg - - 0.005 -
Residual waste kg — 0.029 0.104
Stabilization and solidification process Unit-+| Unit/kg waste Magnetic ballast Electronic ballast
Inputs Electricity use kWh 0.0255 7.40E-04 2.66E-03
Water use VK 0.0010 2.90E-05 1.04E-04
Sodium sulfide use kg 0.0700 2.03E-03 7.31E-02
Cement use kg 1.0000 2.90E-02 1.04E-01
Output | Generated solid waste kg— 2.0500. . 5.95E-02 2.14E-01
; - LTl ]
Remark: (12), (13) = (11) * the weight of each ballast residual wasie

Table 4-23 Raw materials and energy used |

gl

rTnf ab le 4-18

n landfill option of ballasts

N e v = Unit/kg waste Magnetic ballast Electronic ballast
Stabilization and solidification process Unit (14) 15) (16)
| nputs Electricity use KWh 0.0255 2.52E-02 9.10E-03
Water use M3 0.0010 9.87E-04 3.57E-04
Sodium sulfide use kg 0.0700 6.91E-02 2.50E-02
Cement use kg 1.0000 9.87E-01 3.57E-01
Output Generated solid waste kg 2.0500 2.023 0.732

Remark: (15), (16) = (14) * thetotal weight of each ballast waste in Table 4-18
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4.2 Impact assessment

GHG emission results from several life cycle stages of FL set asfollows:
4.2.1 Cradle to gate of glass production (only glass bulb)
4.2.2 Lamp production (without ballast);
(1) Gateto Gete
(2) Cradle to Gate
(3) Disposal/recycling
(4) Cradle tograve
4.2.3 Ballast manufacture (only ballast)
The results fromithe assessment are analyzed in the following subsections.
4.2.4 Comparison'of garbon footpfi nt of product
(1) Cidle 16 grave (with tandfill option) per
@1 OnérL st | |
(1,2) FE set asthe séil[nefuncti onal unit
(2) Cradle to'gate perFL set asithe same functional unit
4.2.5 Contributionof ballasts ¥

-

cus dd

4.2.1 Glass production :

The production of ore kilogram of gI-aSshdeases 3.44 kgCOe GHG where the
details of these GHG emissions for each life cycle stage of glass and the percentage of
GHG emission are shown in Table 4-24.

Table 4-24 GHG emission from one kilogram of glasstube

Stage CO, emission (kg CO2e) | % GHG emission
Raw.materials 0:322 94
Transport of raw materials 0.093 2.7
Production 2.956 86.1
Waste management 0.007 0.2
Packaging 0.057 1.7

sum 3.435 160

Table 4-24 reveals that the main source of GHG emission from glass
production is the production process which consumes natural gas as fuel in the
furnace. One kilogram of glass needs 31.33 MJ of natural gas. The combustion of
natural gas releases alarge quantity of GHGs. The amount of GHG emission per glass

bulb ishigher for T8 FLs asthey use alarger amount of glassthan T5 FL.
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4.2.2 Lamp production

GHG emission from the lamp production can be evaluated based on three sub-

cases as follows.

(1) Gateto Gate (G2Gate)

GHG emission from manufacturing progess, the results can help indicate the
hot spot from energy used in manufactupng.process of FL and lead to the
improvement of the precess efficiency that can reduee GHG emission. Tables 4-25 to
4-28 present the amount of GHG emission from the production process of 36WTS,
18WT8, 28WTS and 14WTS lamps, |respectively. Eaeh table also displays the
percentage of GHG emission from the pribduction process.

Table 4-25 GHG emission from p‘roduction process of one 36WT8 FL

Utillties (CEJC?O?Q;;E %GHG emission
Electricity in maghine . 0.051 20.1
Electricity in lighting system ~ 20008 31
Water supply. w .~ 8.41E-05 0.0
Deionized water ~3.38E-06 0.0
LPG (Combustion) . - 0.195 76.7

Total (kgCOellamp) — 024 100

Table 4-26 GHG emission from prod“uc’:ii'ar_i ‘procass of ,one 18WT8 FL

7 Utilities J(‘E;CGO?S:?;“O;) %%HG emission
Electricity’th machine 0.043 19.6
Electricity in lighting system 0.008 3.6
Water supply 6.22E-05 0.0
Deionized water 2.03E-06 0.0
LPG (Combustion) 0:168 76,8

Tlotal (kgCQze/lamp) 0.219 100

Table 4-27 GHG emission from production process of one 28W I 5.FL

Utilities E:ceoe;:/:?;no;) 96GHG eniission
Electricity in machine 0.168 25.0
Electricity in lighting system 0.008 1.1
Water supply 5.23E-05 0.0
Deionized water 4.58E-06 0.0
L PG (Combustion) 0.495 73.8
Total (kgCO.ellamp) 0.671 100




Table 4-28 GHG emission from production process of one 14WT5 FL

Utilities ((Eggoig;;‘g %GHG emission
Electricity in machine 0.277 35.4
Electricity in lighting system 0.009 11
Water supply 5.73E-05 0.0
Deionized water 3.72E-06 0.0
L PG (Combustion) 0495 63.4

Total (kgCOze/lamp) 04780 100
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Tables 4-25 to4-28 demonstrate that the hot-spetfrom manufacturing process
of each FL productis LPG _cembustion. Note thai GHG emissions derived from LPG
combustion of 28\WT5 and 14WT5 take the same value as they share the same
production line and process activities. As the process of making fluorescent lamps
does not distinguisn between the sizes of the lamp, the LPG consumption does not

depend on the lamp Size, but depends-on the number of lamps being produced.

(2) Cradleto gaie (C2Gate)

GHG emissions from.‘the activity--:.-of*:production including raw material
acquisition and processing, transportation o’f raw materials and manufacturing process
help identify the hot spot injth&productionl-écﬁ;i{gity. The details of GHG emission

from each stagein life cycle of the four FL typesare displayed in Tables 4-29 to 4-32.

d T

Table4-29 GHG emission from each stage of one 36WT8 FL

GHG emission .
Stage (kgCO,e/lamp) %GHG emission
Raw materia acquisition 0.869 76.8
Transport of raw materials 0.008 ' 0.7
Production process 0.254 22.5
Total (kgCOze/lamp) 2131 100

The hot spot for the 36WT8 is raw material “acquisition’stage which can be
further distributed as detailed in Figure 4-2.

Remark: GHG emissian from total glass is the summation of GHG lemission

from glass bulb, stem tube and exhaust tube.
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Figure 4-2 Main GHG emission sour ce from the hot spot stage of 36WT8

Table 4-30,GHG emissi on from'each stage of one 18W T8 FL

|- GHG emission .
Stage (kgEO,Sllamp) % GHG emission
Raw material acquisition - | 0445 66.5
Transport of faw matefials | ~0.005 0.80
Production procgss = .. ... #0:219 32.7
Total (kgCOellamp)  » 0,669 100

FYEY S
The hot spot of the 18WT8 is the ratwfngr,erial acquisition stage and this can
be further distributed to each mam raw matenal in Figure 4-3. The 36WT8 is
produced from the machine if the same prote&“‘hne with the 18WT8 and therefore

the GHG emlss_e_ns for the two are Smitar._However ihe 18\6_(T8 is smaller than the

36WT8 and it'{fbhsequently uses lesser amount of raw matérials than the 36W

counterpart and so is its GHG emission.

04 035
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.g & 0B _+—+
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Total glass Lacquer Aluminum

Figure 4-3 Main GHG emission sour ce from the hot spot stage of 18WT8
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Table 4-31 GHG emission from each stage of one 28BWT5 FL

GHG emission

Stage (kgCO,ellamp) % GHG emission
Raw materia acquisition 0.701 50.6
Transport of raw materials 0.012 09
Production process 0.671 48.5
Total (kgCO.e/lamp) 1334 100

Like the T8 FL, the raw material acquisition.is the hot spot for the 28WT5

where the main GHG emission contributors are illustrated in Figure 4-4.

GHG emission
(kg CO,e)

Total glass

"

~ Lacquer

a“or
Al

Figure4-4 Main GHG emission source_,f_—r{am thehot spot stage of 28WT5

The energy consumption for the 28WT5 proguction is higher than the 36WT8

because it requires specific machines which consumes more’ energy and generates

more wastes. Noté that the GHG emissions in the prodUctior’}'&age come from LPG
combustion (O.Sb kgCO.e or 73.4%) and electricity used (0.18 IngOZe or 26.2%).

Table 4-32 GHG emission from each stage of one 14WT5 FL

Stage

GHGemission

% GHG emission

(kgCO.ellamp)
Raw material acquisition 0.465 37.0
Transport of raw materials 0.012 1.0
Production process 0.780 62.1
Taotal (kgCOze/lamp) 1.257 100

The 14WTS5 is the smallest amongst of all FL types but is the most GHG

emitter when considered the production of one lamp. GHG emission sources from this

stage are shown in Figure 4-5. In the raw material acquisition stage, the mgjor GHG
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contributors are glass (58% or 0.27 kgCO.e), lacquer (9.6% or 0.045 kgCO.e),

aluminum (7.9% or 0.037 kgCO.e) and tri-phosphor (5.3% or 0.025 kgCO-e).

0.6
= 0.5
S~
22 04
29 03
> U o
w2 02
m —
2

0.1
0.0 -

Electricity

Figure4-5MainGHG emisson so'yrcefrom the hot spot stage of 14WT5

The results adove fevesl thai the amount of. GHG emission does not vary
proportionally with the'size of FL Touit cﬁépgnds on severd factors particularly the
nature of the production proces or-the {"nachines used in the manufacture, waste

generated, raw materials and energy: used per one good lamp.

; L)
(3) Disposal/recyeling =~ dda

SYa 242
GHG emissions from two-disposal oéﬁqhs (recycling and landfill options) of

each FL are displayed in“Fable 4-33. Réé)}ffli‘hg’option consists of disassembly

process, stabilizétion and_solidification process-that—required.the consumption of
electricity, wate_r, natural gas, sodium sulfide and cement?_L"andfiII option only
involves stabilization and solidification process which consumed dlectricity, water,
sodium sulfide and cement. GHG emissions associated with the usage of these

materias.aretherefore included in.the.assessment,

Table 4-33 GHG emission from two disposal options of each FL

FL dype Recycling option Landfill option
(kgCOellamp) (kgCO€e/lamip)
36WT8 -0.476 0.184
18WT8 -0.238 0.092
28WT5 -0.295 0.114
14WT5 -0.155 0.060
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Negative value of GHG emission from recycling options show in Table 4-33

represents the reduction of GHG emission. This means that the recovery of materials
like glass (as cullet) generates lesser quantity of GHG when compare with the
production of such materials. It should be noted that the recycle of T8 can save more
GHG than the recycle of T5. This is because more glass can be recovered from T8
than T5 due to itslarger tube size.

For landfill option; the main GHG emissionsource is the use of cement which
contributed as much as 96%ei the total GHG emission from this option. Note that the
E.F. of cement productiomis 0:995 kgCO,e/kg cement produced.

(4) Cradle to'grave (C2CGrave) "

GHG emission thiough all lifecyele of each FL isshown in Table 4-34.

Table 4-34 GHG enission through life cycle of each one FL

FL type , -G.HG eﬁ’nss __(?n (kgCO-Eamp) -
LCandfill option Recycle option
36WT8 05 21 =l ' 404.6
18WT8 2027 sizuesd iy 202.4
28WT5 Se=— 4 315.3
14WT5 L A58 4 AR 158.2

Almostall GHG emission (around 99%) is generated from the usage stage due
to the electricity’ consumption. The recycle option can offer-a'slightly lower GHG
emission than the landfill option for all cases as the recycle process requires quite a
large quantity ofr materials and energy when compared with the landfill. The
distribution of GHG emission;in eachstage through life cyele (with.andfill option) of
four FLs product is illustrated in Figure 4-6.
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4.2.3 Ballast manufacture

GHG emissions through life cycle of magnetic and electronic ballasts with two
different disposal methods are shown in Table 4-35. Recycling option, although can
help reduce GHG emission from recoverable material such as steel, copper and

aluminum, but such reductions are relatively small.

Table 4-35 GHG emission through'life cycle of ballast

Ballagt Recycle options L andfill option
(kgCOelpiece) (kgCO.€e/piece)
M agnetie ball ast 112.4 114.3
Electronic lallast 395 40.0

Remark: Some rawdmaiérials (of electronic ballast (5.41% by weight) have no
emission factors# It was assumed that CSH(}_ emission from these components is

insignificant. Averagelifetime of both bal r'asts is 20,000 hours.

The comparison of the émdunt of GHG émission from each stage of magnetic
and electronic ballasts is shown in Table #—_36 and the percentage of these GHG

e
do i A
- o a¥

"

emission isshown in Figure 4-7. s

Table 4-36 GHG emission from each stage of maghetic and-electronic ballasts

. S Magnetic bf':\llast Elecironic b_allast

: (kgCO.e/piece) (kgCO€e/piece)
Raw material acquisition 1.350 5.824
Transport of-raw material 0.037 : 0.013
Production 0,011 0.251
Distribution 0.037 0:013
Usage 112.2 33.66
Landfill option 0.682 0.247

Total 114.3 40.00

The bet spet of the two types of.ballast is the usage stage; 98.1%:0f total GHG
in magnetic ballast (0.010 kwh) and 84.1% of total GHG in electronic ballast (0.003

kWh). These are due to the consumption of electricity.



77

O Magnetic ballast B Electronic ballast
%
100.0 s
90.0 N &
= 80.0 = T EF 4
S
= 70.0 SN T T
S
Z 60.0 - g
g 500 F 2
o v
= 400 —— R
U ]
300 o o O TS  |
200 +——— 2 FIAIF 1 A s
= ¥ = fn e P
10.0 ﬂ—:— £FF S8 AT TR Al
0.0 - i ' e gy
Raw matertal Transportof P1‘od1fcti011 Distribution  Usage Landfill
acquigition graw material v option
a N O _1|i_ - L Lw MW

Figure 4-7 GHG emission in each stage of magnetic an electronic ballasts

Figure 4-11 illustrates that GHG em|§5| on from the raw material acquisition of
the electronic ballast is/more than that of ti}(_—:j:ri]f.agnetic ballast. This is because the
component of electronic bal Iast iS-the electﬂrﬁi’_é .‘device with higher GHG emission,
i.e. EF. = 9,160 kgCOse/kg of IC. 83.1 kgdagéfk'g‘of capacitor, 27.7 kgCOe/kg of
PCB or Printed zbircuit board, etc. Meanwhile the magnetic ballasts only constitute

basic componenis with small E.F. value such as aluminum (E.=" = 12.2 kgCO.e/kg),
polyester film (E.If_. = 7.54 kgCO.e/kg), copper wire (E.F. = 3.47 kgCO.,e/kg), etc.
The production of electronic ballast also is more complicz:ated with higher energy
consumptionsthan.ithat of.the magneti c:bal | ast. On the.other-hand, the.magnetic ballast
consumes mare energy during the usage stage and o it releases higher GHG.

4.2.4 Comparison of carbon footprint of product

FL' is'the electronic device that has been continually-improved to'be more
environmental friendly. In the case of the straight lamp, FL 28WT5 will replace
36WT8 and 14WT5 is proposed instead of 18WT8. This section provides the detail
comparison of GHG emission from the two sets of the FL products. It is worth

mentioned here that typical comparison will be based on the same brightness.
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However, in practical point of view, the comparison based on one lamp set is aso

interesting. The following comparison will therefore be based on both criteria.
(1) Cradleto grave consideration (with landfill option)

(1.1) per one FL set: Camparison of GHG emission through life cycle
per one FL set is shown in Table 4-37.

Table 4-37 GHG emission through'life cycle per one FL

GHG emissign per .
GHG emission per one
FL type one kil one ballast FL set (kgCOs6)
(KGCO%) | \(kgco:0) o
36WT8 4052 | 1143 519.5
28WT5 " GY 4 " 40.0 355.7
18WT8 202.7 AT 259.9
14WT5 1534 «20.0 1784

(1.2) per Fik set asthe same;ffunbtional unit: GHG emission through
life cycle at the same brightness of each FL.__S_@I ig displayed in Table 4-38

‘ ‘. _
Table 4-38 GHG emission through life cycle at the same brightness of each FL

FL type set Number of FL set | Total GHG emission (tonCO.€)
36WTS8 54 T 28.1
28WT5 =53 B i 19.0
18WT8 25 6:51
1UWTS T | pa 3178

Tables 4-3? and 4-38 reveal that, regardliess of the comparison criteria, the
36WT8 and 18WT8 FL sets release more GHG than the 28WT5 and 14WT5 FL sets,
respectively ~Thisis mainly.because the T8 FL sets.consume more electricity than the
T5 FL sets.

(2) Cradle to gate consideration: When=excluded the usage.sStage and
disposal/recycle, " GHG' emission during the production activities ai the same
brightness of each FL set are shown in Table 4-39.
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Table 4-39 GHG emission during production activities of each FL

FL type GHG emission Number of FL Total GHG emission
(kgCO2ellamp set) same set (kgCO2e)

36WT8 2.53 54 136.6

28WT5 147 53 396.1

18WT8 1.37 25 34.2

14WT5 4.30 2 90.3

Table 4-39 demonstrates thai the produciion of T5 FL set releases more GHG
than T8 FL set (reasons as stated ab5</e). in_addition, the electronic ballast used
together with T5 FL @ so reguires a complex produetion which emits a higher amount
of GHG than thai-ef T8. Overal, the GHG emission fromthe TS FL set is more than
T8 FL set. This demonstrates that if the Ie'val uation based on LCA isimportant as the
results could be misleading when the overall stages of life cycle of FL are not

=

included in the assessment. :
|
4.2.5 Contributionof ballasts id

Table 4-40 shows the error that migigt_occur If ballasts are excluded from the
consideration of the overall GHG emissions q_f;F]_]:J

Table 4-40 GHG emission of FL,;._VY/_ijh and without ballasts

FL type GHG emission including GHG emisﬁqn excluding
.+ ballast (tonCO2e) pattast (tonCOe)

3B6WTS 28.1 219

28WT5 18.9 16.7

18WT8 6.5 751

14WT5 3.7 3.3

Table 4-40 demonstrates that the contribution of the ballast to.the overall GHG

emission’is about 12% for T5 FL set and 22% for T8 FL set. For example, 36WT8 FL
set. with.magnetic. ballast releases 28.1 tonCO,e with ballast.but this figure is only
21.9 tonCOzewithout ballast.
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4.3 Interpretation

4.3.1 CO, emission hot spots

(1) Glass manufacture

The hot spot of glass proc

t production process (85.9% of total

, @rovement therefore should be
) Fluoraw v

(2.1)Cate toCaté. The four typesof F e the common hot spot at

the main process«(glass bu CC stion and electricity used respectively, and

one kg glass produgtion releas > 34351 €). Tt ose suggest that the improvement

GHG emission.

3 Flgor&ecent Iamﬁ-égﬁ es 4-8-and 4-9 show the pie chart of the
percentage of GHG emission through |i

ALEILT 173
o gy
YWIANT 18 B

Figure 4-8 GHG emission through life cycle of 36WT8 and 18WT8
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TS FL set

Use of Ballast Fixed GHG of
9.5% FL 0.4%

Fixed GHG of
Ballast
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/Uge of FL
- 88.3%

Figure 4-9¢ ! A 1{ : \;f'\l 3\ 5and 14WT5

Not surprisingly 7 ot . the us 2 , Which is typica for

fed. :
most electrical and € t ronic/de cefw h e electricity consumed during the usage
r 4 e 1
therefore to redesign the andbpl'f T ns meI Ser power.

e i -4‘1

4.3.2 Case 33enarIOS él—?.;:";.".. - .“ o

Remark: In theﬁe case scenarios el ssions from the cradleto gate and GHG

during the end of life of i he FL set products are ass umed to ¢ ceur once the product is

purchased, T X
Case 1. V\m(

o or TS5 FL sets m

LI T s

emissions from 36WT8 and 28WT5S at time = 0 whereas Figure 4-11 is for

RIS e

‘the initid GHG in the same figure until the end of life which occurs at 20,000

ing decision between

operating hours.



82

Accumulated GHG emission
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'same amount of GHG emission) is 520 hours (breakeven time). After this time, the
36WT8 FL set will accumulate higher level of GHG than the 28WT5 FL set.
Similarly, Figure 4-11 shows that this breakeven point for the 18WT8 and 14WT5
occurs at 640 hours.
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This evaluation shows that, in terms of GHG emission, consumers can change

from T8 to the greener T5 counterpart as long as the lamp has a life time longer than
this breakeven time. This scenario can reduce GHG emission up to 164 and 82
kgCO,e of 36WT8 and 28WT5 FL set and 18WT8 and 14WT5 FL set, respectively.

d) with T5 FL set

ced / j0e from T8 to T5 and it is assumed
" hout being used or at t = 0).
Set ;

G from T8) aready occurs at

In this case, there is
that this change occur ‘7;"
GHG emission from production
the beginning, t = O, angd P
from T5). During Usages '  from T5 is cont itted according to the
number of operatifg hours of ‘" X m T5). The breakpoint
time is therefore the time requ g it > emissi erating T5 + fixed GHG
from T5 and Te)ihtersecrs G emissi
12 and 4-13 show the amoun ﬂ- ission from ging 36WT8 FL set to

respectively.
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Figure 4-12 GHG emission from changing 36WT8to 28WT5 FL set at 0 hour



=+—=18WTSFL set ——14WTSFL set

260
250 y
)
% 200 182
‘E’ _/-‘"TSI]
2 150
g
=
: 4
§ 50 L
—
2 \
i . JJ._I_L_LJ_I___J_J_J_' ||||||| L
E
-
[¥]
~
-

_‘5.‘000 ;\00 fO 000 12,500 15,000 17,500 20,000
—_ iﬂne (hom)

'on from chan\hmg 18WT8 1o 14WT5 FL set at 0 hour

o -'.l

Figure 4-16 d onstrat& that the breﬁkéven point is at 931 hours which is the
time that GHG emission from the_.28WT5 Eﬁ..set which s purchased to replace the
36WT8 FL s, is equal to the- GHG emlssqn,ffém the use of 36WT8 FL set. After
this time the 28WT5 FL set wﬂT accumulétje' lower quantity of GHG than that of
36WT8 FL set: And for the 20 000 hours In‘je EI mé E)f the Iame this can help reduce
GHG emission | . S , Fi r‘bes the time profile
for GHG emlss{n from the change of 18WT8 to 14WT5 FL“‘get at 0 hour operation

where the breakeven point occurs at 1,070 hours. For the whole life time of the lamp,

Figure 4-13 GHG.emi

this change will help.reduce GHG emission up to 80 kgCO.e.

Case 3./Purchasing T5 FL to replace.the unbroken T8 EL set

This case is similar to Case'2, only the difference is that the change occurs at
any time, t. ket’'s arbitrarily, assume that this chance occurs at t = 2,000 hours. The
summation of accumulated GHG emission will include the fixed GHG from the
36WT8 plus the operating GHG from the use of such lamp for 2,000 hours, and the
fixed GHG (taken place at t = 2,000 hours) and the operating GHG from the 28WT5
FL for therest of itslife. Theresults are illustrated in Figure 4-14.
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=+=36WTS8FL set ——28WTS5FL set
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Figure 4-14 Gk “ 5at 2,000 hours

Figure 4-14 reveals ey; t}]%—br poi ’4| » oceurs at 2,931 hours which is
931 hours after the change of tf.ﬂ“?m ca ‘be seen that the 28WT5 will always
need 931 hours after the h 10 breakeven with the GHG emission
 the T8 only has life time less than 931
hours, the breakeven will nevH-'ﬁ&\fr 3*5” hange to T5 in this case should not be
decided. ThlscaiareduoeﬁGHG emission up to 1. ;

Case4: ‘ ing new 36WT . setio replace the broken
T8FL i — )

W Lot S

(|) Choose 36WT8 and use the same ballast (esthelifetime of ballast islonger

Qﬁ\ellfecycleof nwﬁﬂgbdla)m thﬁ@gﬁoﬁoms

(if) Choose 28WT5: the change of 36WT8 FL set to 28WT5 FL set requires
that the ballast be changed. The accumulated GHG emission from this choice comes
from the life cycle of new 28WT5 FL set (including ballast).
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——36WTSFL ——28WTSFL set

Accumulated GHG emission

Comparingsthe t = ‘breakeven point curs at 780 hours which
means the T5 will offget its i | S with its low operating GHG after 780

hours of operation. ssion up to 161 kgCO.e.

4.3.3 Economical consider ation of T8 and:

The 3 re

Il
[
s

more expensive crl 0 oduc
(Table 4-41) -Ll es that the use of T5 also inherits the sa
the lower power conilmi on during the usage period of the production.
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I

ensive than the T8 of the
vl —— e ——————]
same class. T y--- NS reg {‘# the selection of a
« The following analysis

i g which occurs due to



Table 4-41 Cost-saving analysisof T8 and T5 FL sets
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List 36WT8 FL set 28WTS5FL set Saving
(A) (B) (A-B)
36WT5 FL + 28WTS5 FL +
Component of FL set Starter + Adaptor 1 set +
Magnetic ballast | Electronic ballast
Costs per one FL set (baht) 150 230 - 80
Life time (hour) 20,000 20,000
Power per FL set (kW) 0.046 0.031 0.015
Electricity rates (baht/k\Wh)* 2.978 2.978
Electricity used in lifetime +
(kWh/one FL set) 920 620 300
Costsfor electricity usedin
life time (baht/one L sg) 2,739.76 1,846.36 +893.4
Gosts-saving (bahtlone FL set) 813.4

Remark: *Reference firom Metropalitan Electricity Authority

il

Table 4-41 demonsiraies that; al through thelife time of FL set, one can save
up to 813.4 baht when the 36WT3. is ref;lf:lced by the 28WT5. On the other hand,
when compared the two products-based oh"fhe‘me brightness, the final saving can
be estimated as demonstrated in Table 4-42'.1.,{:,_ ‘

Table 4-42 Cost;"éaving analysi

de 2 M

S@I—the same functional unit

Lig 36WT8FL set | 28WT5FL set Saving
‘ (A) (B) (A-B)
Number of FL. set —e o 1
Costs for buying FL set 8,100 12,190, - 4,090
Time used per day (hour) 12 oz
Power per number of FL set
(kW) 2.484 1643 0.841
Electricity used (KWh/day) 29.808 19.716 10.092
Costs for electricity used per
day (baht) 88.77 58.71 +30.05
Electricity used in life time
(kWh) 49,680 32,860 16,820
Costsforeleetricity used in
lifetime (bait) 147,947 97,857 + 50,090
Costs-saving in'life time (baht) 46,000




CHAPTER V
CONCLUSIONS

5.1 Conclusions

Greenhouse gases emission of 36WT8, 18WT8, 28WT5, 14WT5 fluorescent
lamps, magnetic and electronic ballast have beeninvestigated by LCA technique. The
conclusions drawn from the results of this studyareasfollows:

- The production _of one kilogram of glass (cradle to gate) releases 3.44
kgCO.e. The main GHGemissien.source is the production process.

- GHG emissions irom the production activity including raw material
acquisition and processing, transportation of raw materials and manufacturing process
of one 36WT8 and 18WT8 are equal to 1.-13I.and 0.67 kgCO.e, respectively. The main
GHG emission sougee is faw material acqijjsition stage. For one 28WT5 and 14WT5,
GHG emissions are gjual to .38 and 1.26'kgCOze, respectively. The main GHG
emission source is ihe produgtion process: :

- The amountsiof GHG emission through life cyele (with landfill option) of
each fluorescent lamp @ are: 405 kgCOzfétaGWT& 203 kgCO.e/18WT8, 316
kgCO,e/28WT5 and 158 kgCO:&14WTS. For al lamps, the main GHG emission
source (99%) is from the usage stage. The?eg:ypje option could dlightly bring the
GHG emission down (0.15%) when corpared with the landill option.

- The amount-oi-GHG-emission-from-the-production-actiVity is one percent of
GHG emission through life cycle of all fluorescent lamp.

- GHG emissions through life cycle of magnetic and electronic ballasts are
equal to 114 and 40'kgCO.e/ballast, respectively. The hot spot of the two types of
ballast is the usage stage. Electronic ballast. manufacturing releases GHG emission
more than'magneticballast, due to'more complicates production.

- The amount of GHG emission through life.cycle of T8 fluoreseent lamp set
higher than 75 fluerescent tamp set because the T8 FL sets consume mere electricity
than the T5. The haot spot isthe usage Stage.

- GHG emission from the production of T5 FL set is more than the production
of T8 FL set because the production of T5 fluorescent and the electronic ballast used
together with T5 FL require a complex production which emits a higher amount of
GHG than that of T8.
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- The contribution of the ballast to the overall GHG emission is about 12-22%.
- Selection of T5 to replace T8 fluorescent lamp set can help reduce GHG

emission.

5.2 Contribution

This work provides a full detailed life.€ycle assessment of the common T8
fluorescent lamp compared with the new, mere.environmenta benign, T5 lamp. The
outcome of this work eontributes greatly to the future set out of the national green
campaign on the selection ef lighting systems. To put it more simply, the findings
suggest that the fixed Tmpaets during the raw material acquisition, production process,
transportation, dispesa/recycle are relétively small (only 1% contribution) when
compared with the operational impact obtained during the usage stage of the lamp
product (another 99%)..This virtualty means that one can simply neglect the fixed
impacts when considered the GHG emissidh from the use of fluorescent lamps.
Besides, it only takes sightly less-than 2,0QQ hours or 100 days for the T5 lamp to
breakeven with the T8'In terms of GHG emis%ioh This makes the replacement option
of T8 by T5 remarkably, attractive, and the r&sults supports the recent governmental
campaign on the use of T5 asapart of natlonal energy saving policy. In addition, the
future development of an-even lewer power lamp (with the same intensity) will
definitely and greatly help reduce the greenhouse gases emission.

5.3 Suggestion-for further studies

This work.only focuses on one facet of the enviremmental impacts created
from the use of fluorescent lamp. The fact that T5 has lower global warming potential
than T8+does not necessarily mean that TS5, will|also have lesser-impacts in other
environmental categories. Estimates of “other environmenta impact categories all
through the life cycle of fluorescent lamp set such assOzone depletion; Acidification,
Eutrophication, ‘Photochemical’ Smog, Ecotoxicity, Human -Toxicity;s etc.. should
therefore be examined.

Nevertheless, based on the global warming impact, the improvement option
for the fluorescent lamp should be on the redesign the new version of fluorescent
lamp and ballast with lower electricity consumption as the usage stage is by far the

major greenhouse gases emitting step.
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APPENDIX A

ACTIVITY DATA OF GLASS MANUFACTURE

A.1 Glass product of glass pro

Glass factory has t | ; nd LF/SF44. Glass bulb used in
lamp factory is SL-A A- e amount of monthly glass
production capacity. : , —

f ——
Mont S otal glass
- \ tons
Jan-09 = 2,080
Feb- : 2,010
Mar-09 2,440
Apr- 3,450
May-09 3,600
Jun-09 00 3,480
Jul-0 00 3,630
Aug-09 0 3,910
Sep-09 30 3,690
Oct-09 : i Ay 3,800
Noy- 3,580
= 3,910
, 3,740
Feh-10 3,340
Mar=10 3,150 980 4,130
Apr-10° 3,230 0930 4,160
GAfEDUEL DRDY
7 45, 13,1 | 158,800

Remark: ¢ o/

=
RSN TUHNIIRHI Y-
q 2. The amount of total glass I1s used in calculation of energy consumption of

glass production.
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A.2 Raw material consumption

Table A-2 Raw material consumption of glass production

Silica Cullet . Minor
Month Sand | (SL-A) S h | Dolomite | Feldspar ingredients

tons to ons tons tons
Jan-09 961 | 1,070 9 178 74
Feb-09 994 383 188 79
Mar-09 | 1,05 1C 205 85
Apr-09 1,5 , 616 299 124
May-09 | 1,760 , JORON N NASE 330 135
Jun-09 1, ; 687 AN 21 130
ul-09 | 18 \ 40 137
Aug-09 | 1,770 -4, ' 7 125
Sep-09 1,6 P 314 114
Oct-09 1710 - (66 4 18 115
Nov-09 | 1,69 L0 | A6 1 311 114
Dec-09 | 1,7 1,390, ferr b 324 119
Jan-10 | 1,750 10 W~ 4 324 120
Feb-10 1,620 1310 ey 40 299 111
Mar-10 | 1,960 S8R T5L 8 362 136
Apr-10 | 1,890 | 1,480+ 470 351 131
May-10 | 2,050 | 141047/ 7904 S 378 140
Total | 27,785 | 22,964 10,762 5479 1,985

Remark:Table A-2 shows Is'used for only SL-A
glass productlongr ' e same glass type. Minor
ingredients cannot be disclosed due to confldentlallty reasons.

ﬂumwamwmm
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A.3 Energy consumption

Table A-3 Energy consumption of glass production

Water supply Electricity Natural gas

Month m’ KWh MMBTU
Jan-09 3,400 1,071,800 70,000

Feb-09 2,700 1,0044700 71,000

Mar-09 2,700 1128600 65,000

Apr-09 2,800 < 1,371,800 96,000

May-09 2,500 1,584,400 117,000
Jun-09 44500 1,618,400 124,000
Jul-09 31900 | 1,623,600 120,000
Aug-09 34400 ' 1,592,300 112,000
Sep-09 2,600+ - | 41,586,500 114,000
Oct-09 1,800 | 1,666,400 117,000
Nov-09 3,000 | 1,594,100 113,000
Dec-09 3,500 1,636,100 115,000
Jan-10 2,900 - { 1,542,600 105,000
Feb-10 2,800 1,469,400 100,000
Mar-10 3,100 ~ 1,662,900 110,000
Apr-10 3,400 1,580:600 109,000
May-10 2,500 1,468,500 91,000

Total .51,200 25,193,200 1,749,000

97

Remark’:.'; 50% of ~water supply is—used—in—¢coqling system in glass

manufacturing-process.

A.4 Packaging™

Glass factory uses carton boxes as packaging of glass bulb. The amount of

carton poxes used per one Kg glass produced equals 0.069 kg/kg glass, the detail of

data is shown in Table A-4.

Table A-4 Packaging data for one'kg'glass product

Glass Weight of Weight of '| Glass bulb per: | Weight,of carton

bulb | glass bulb (kg) | carton (kg) | carton (piece) | per kg glass (kg)
36WT8 0.175 1.35 92 0.084
18WT8 0.091 0.53 120 0.049
28WT5 0.107 1.11 120 0.086
14WT5 0.051 0.63 215 0.058
Average (kg) 0.069




A.5 Waste generation
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Glass manufacturing process generates four types of solid wastes and

wastewater, details illustrated in Table A-5.

Table A-5 Waste from glass production

Month Garbage | Lumber | Rag and.glove Otk\;:;siglld Wastewater
kg kg ~ ko kg kg
Jan-09 | 2,620 655 1,300 6,475 9,000
Feb-09 | 3,088 740 650 4,040 -
Mar-09 | 1,972 | 493 | 700 2,615 -
Apr-09 | 2,928" | /732 1 600 3,820 8,500
May-09 | 8,472 4 868 1 650 4,530 -
Jun-09 | 3,992 998 690 5,150 -
Jul-09 4,184 1,046, 540 5,380 -
Aug-09 | 3116 710 ™ |30 4,075 11,000
Sep-09 | 2,216 554 | 650 2,990 -
Oct-09 | 3556 | 889 “|~ — 830 4,595 -
Nov-09 | 1,044 486, . 640 ., 2,610 9,000
Dec-09 | 2,084 521 -, GREA L, 22,855 -
Jan-10 | 2,564 o — 1.38G=" 23,825 9,000
Feb-10 | 2,624 | 666 " 650 | 4560 -
Mar-10 | 2,768 692 700 4,820 -
Apr-10 |- 2,760 690 600 4,220 4 8,500
May-10 | = 2,780 695 650 47656/ -
Total | 48,668 | 12,167 12,450 84,477 155,833

Remark: The total of wastewater of 155,833 kg come_g from the sum of the

monthly.average quantity of.wastewater in six-months.period of.data.collection.

A.6 Input and output per one kg glass production

Raw material, energy consumption‘and waste generated from ofie kilogram of

SL-A"glass is displayed in Table"A-6. The calculation is shown in the“remark” under

the table.



Table A-6 Raw material and energy used and-waste generated from one kg SL-A glass production

99

Silica | Cullet | Soda . Minor \\ater % Natural Rag and Other
Month | Sand | (SL-A) ash Dolomite | Feldspar - Electricity " Garbage | Lumber glove solid waste Wastewater
kg kg kg kg kg kg 10fm° [§ KWh MJ 10" kg 10°kg | 107kg 10* kg 10° kg

Jan-09 0.620 0.690 0.240 0.154 0.115 0.04¢ 847 } 0.515 35.50 12.6 3.15 6.25 311 4.33
Feb-09 | 0.663 0.853 0.255 0.165 0.125 01052 6._72 . Oal500 37.2( 154 3.84 3.23 20.1 -
Mar-09 | 0.561 0.856 0.216 0.140 0.110 0.045 5.53 :|Q.458 28.10 8.08 2.02 2.87 10.7 -
Apr-09 | 0.536 0.703 0.210 0.134 0.102 01042 ,{}.061 10.398 29.36 8.49 2.12 1.74 111 2.46
May-09 | 0.595 0.554 0.233 0.148 0.111 0.045 3.414 i.446 34.29 9.64 241 181 12.6 -
Jun-09 | 0.574 0.480 0.227 0.143 0.108 0.044 6.47 ﬁﬁGS 37.59 115 2.87 1.98 14.8 -
Jul-09 | 0604 | 0376 | 0236 | 0.150 0.112 9.025) 537 0447 | 34.08 115 2.88 149 148 -
Aug-09 | 0.621 0.337 0.242 0.154 0.118 0.044 44}T§5 Q:A_Iﬁ]ﬂ 30.22 7.97 1.99 1.61 104 2.81
Sep-09 | 0.632 0.355 0.246 0.157 0.118 0.043 ; 3_.52 0.46:(_)- -’.JF-' 32.59 6.01 1.50 1.76 8.10 -
Oct-09 | 0.617 0.368 0.240 0.153 0.115 0.041 237 0_43_9_ 32.48 9.36 2.34 2.18 121 -
Nov-09 | 0.658 0.455 0.253 0.162 0.121 0.044_ =l 4_.19 044:5 - §3.30 5.43 1.36 1.79 7.29 251
Dec-09 | 0.613 0.484 0.235 0.152 0.113. 0.042 4.48 0.418 31.03 2:33 1.33 1.71 58.5 -
Jan-10 0.597 0.515 0.230 0.148 0.111:; 0.041 3.88 0.412 29.62 5.86 1.71 3.48 63.7 241
Feb-10 | 0.607 0.491 0.232 0.150 0.11_2:': 0.042 4.19 0.440 31.59 x7_§6 1.96 1.95 13.7 -
Mar-10 | 0.622 0.492 0.240 0.154 0.115 0.043 3.05 0.403 28.10 :'6.70 1.68 1.69 11.7 -
Apr-10 | 0.585 0.458 0.227 0.146 0.109 0.040 3.73 0.380 27.64 _6.63 1.66 1.44 10.6 2.04
May-10 | 0.637 0.438 0.245 0.158 0.117 0.043 3.17 0.373 24.37 7.06 1.76 1.65 11.8 -
Average | 0.607 0.502 0.235 0.151 0.113 0.043 4.35 0.428 31.33 8.26 2.07 211 14.3 2.65

Remark: Six raw materials used ‘per one kg glass production equal the amount of raw material divided by the amount of SL-A glass
product. Other energy used and waste generated per one kg glass production equal the amount of energy and waste divided by the total glass

products.
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APPENDIX B
ACTIVITY DATA OF FLUORESCENT LAMP MANUFACTURE

B.1 Main process

B.1.1. Inert gas: Table B-1 dis U/%ure argon in each FL type.

argon ent lamps
FL type Argon type

P Argor (Uit
36WT8 0.90°L8(mm.|Hg) | . Ar25% +Kr.75%
18WT8 W:j" 3 (mm.Hg) R b + Kr.50%
28WT5 |F 4075 (mm. Oil) | Argon high purity 99.99%
14WT fjfm4m ‘Argon high purity 99.99%

gon (worse cases) in

This reses
calculating argon and Krypton sﬁ ' ' for calculation are shown
L
in Table B-2. The exam

For 36 WT8:
Pressure argon = 1.3 ﬂwrjgf;’_ T!; B ete lamp = 0.026 m,
Length of lamp = 1.264'm [—
MW of argon gas *ﬂé@?‘%l‘? o \W-of krypton gas = 499.58 g/mole,

Ideal ga S ] onstant (R) = 0.0821 atm.L.mol =K
X J

"x1.264m= ﬁax 107* m® = 0.671L

_u temperature = 25 °C,

According to theddeal gas law:

Volume mrlh = = T

13mm

ﬂuﬁ?ﬁﬁﬁﬁﬂﬁﬁﬁi

:L.'.'-'lx 10 fatm xI:IJ.E'.'-’l L}

Therefor n= = 4 69 x 107° mole

uuan x (25+273)K

A WA e e %’r@ d

~ Mole Argon = 4.69x10"°x0.25= 117 x107° mole

~ Mole Krypton = 4.69x 107° x0.75=3.52x107° mole

Argon gas = 1.17x 107° mole x 39.95 =469x10 *g=469x 107" ke

mole
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g
mole

The calculation for 18WT8 is similar to that of 36WT8 but different from T5

because the pressure in T5 is reported in mm Oil unit. The example of gas calculation

Length of lamp = d«d4 11 - Roomrtemperature = 25 °C,
ole, R =0.0824.atm.L.mol*K*

- 229%10 *m® =0229L

N

Krypton gas = 3.52 x 10™° mole x 499.58 =176x107%g=176x 10" kg

for T5 is as follows:

For 28WT5:

Pressure argon = 45

MW of argon g
Calculation equation i

Volume (V) =

\/

Conversion fac

Pressure (P) =

Therefore =2 '=_ T ‘ =3 107° mole

From Table B-1, the _s-_-,---zé--r--}
- Mole Argon =

Argnngas— fm 43x10_5kg

Yy, N

rn
|
iv

ﬂUEJ’JVIEJTIﬁWEJ’]ﬂ‘i
ammn‘imumqﬂmaa
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Table B-2 Argon.and

Mole of | Mole of
argon krypton

) Length
Pressure Diameter

Argon Krypton
FL type of lamp | d yP

ﬁﬁ : : ‘\ka gas (kg) | gas (kg)

Argon lamp (m) m) )| (mole) (mole)

e | e
1E-03 | 1298 | 4.69E-0F 5 5 . :
36WT8 | 1.3mm.Hg | 0.026 1.264 0 ﬂf }:%t % kaa 17E-05 | 3.52E-05 | 4.69E-07 | 1.76E-05

18WT8 | 1.3 mm. Hg 0.026 0.654 ﬁl’ f @Eﬁ ﬁ\i %Q\Y&.ﬂ 1.21E-05 | 1.21E-05 | 4.85E-07 | 6.06E-06
ij 583E003 |\ 298 | 359 :

28WT5 | 45 mm. Oil 0.016 1.14 =-05 | 3.59E-05 - 1.43E-06

14WT5 | 40 mm. Oil 0.016 0.54 T ’ ] - 6.04E-07

AU ININTNGINS
QRININIUNRINYIAE
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B.1.2 Glass bulb: The amount of glass bulb used per one FL is estimated
from the number of glass bulb coated divided by the number of good lamp produced.
The monthly data of 36WT8 and 18WT8 are shown in Table B-3, whereas those of
28WT5 and 14WTS5 are shown in Table B-4.

Table B-3 Glass bulb dat T8 and 18WT8
y 18WT8
S Glass
Month . bulb Glass
St [ATTTD tube/good
ﬂ'ﬂ’ oated lamp
\G\ bulb)
Jan-09 | 81,83 38,831 1.22
Feb-09 Y -
Mar-09 | 67,660 1.17
Apr-09 15,643 1.25
May-09 %556 1.20
Jun-09 151,013 1.15
Jul-09 64,758 1.08
Aug-09 9,060 1.13
Sep-09 65,682 1.07
Oct-09 | 10,233 ! 29,913 1.15
Nov-09 | 40,102 | 45749 | 114 | 74, 83,058 1.11
Dec-09 “B1234 | 11871 87, 95,879 1.09
Jan-10 | 16, 19,551 . 6 , 1.07
Feb-10_|( 27,123 | 30,460 | 1. 4 1.08
Mar-10 | 45,650 | 8,785 1.10
Apr-10 , . 17,681 1.10
73,805 | 1.11 | 56,368 | 60,203 1.07
605,747 | 674,722 1.114

AN TUUNINGAE



Table B-4 Glass bulb data for 28WT5 and 14WT5
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28WT5 14WT5
Month Good Glass bulb Glass bulb Good | Glass bulb Glass bulb/
lamp coated Ja0od lamp lamp coated good lamp
(lamp) (bulb) (lamp) (bulb)
Jan-09 | 8,328 12,734 1.53 636 852 1.34
Feb-09 | 13,061 | 19,575 1.50 516 1,147 2.22
Mar-09 | 9,974 18,352 1.84 971 1,455 1.50
Apr-09 | 4,955 6,741 1.36 484 1,074 2.22
May-09 | 24,069 (=41 823 1.74 1,460 2,071 1.42
Jun-09 | 42,432 | 62923 1.48 1,825 3,292 1.80
Jul-09 | 59,602 | 79237 1433 1,077 1,295 1.20
Aug-09 | 53,8454 68,055 1.26 1,015 1,186 1.17
Sep-09 | 15,364 | #18471 St < 1.22¢ \ - -
Oct-09 | 1,387 g J| 203 175 210 1.20
Nov-09 | 3,809 589, (142 4| 9% 1,600 1.62
Dec-09 | 60 74 1:28 - - -
Jan-10 | 16,999 | 24,884 146, | 2,950 6,673 2.26
Feb-10 | 12,343 [#19:852" | . 1.61" [* 3,705 5,516 1.49
Mar-10 | 68,863 | 39,599. 4 130 .| 5896 6,663 1.13
Apr-10 | 32,400 | #86,185. . . 1.12°0 14,762 5,468 1.15
May-10 | 6,048 | 7,335 o - - -
Total |373,539 | 514,815 1377 ' | 26,462 | 38,502 1.455

The amoif_l:nt of glass bulb used per one FL in Table.’s__ B-3 and B-4 can be

converted to weight of glass bulb and the results are given in Table B-5.

“* Table B-5 Weight of glass bulb per ore’FL

FLtype Glass bulb used Weight per Weight of glass per
per one'EL (bulb): /|| glassbulb(kq) one'FL (kg)
36WT8 1.165 0.1750 0.2038
18WTS8 1.114 0.0843 0.0939
28WTHS 1,377 0.1070 0.1473
14WT5 1.455 0.0507 0.0737
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B.1.3 Mercury and Zinc: Liquid mercury filled in T8 FL is equal to 10 mg or
1.0E-05 kg. Meanwhile, T5 FL fills two mercury beads, each at 7.4 mg of 49.36%
mercury and 50.35% zinc. Therefore the amount of mercury and zinc filled in TS FL
are equal to 7.305 and 7.452 mg respectively (see Table B-6).

Table B-6 Mercury and Zinc data in FL

FL | Mercury Quantity Total weightef | Amount of Amount of
type type filled per FL | substance(mg) | Mercury (kg) | Zinc (kg)

T8 | Pure liquid 10 mg 10 1.00E-05 0

T5 Bead 2. bead 14.8 7.31E-06 7.45E-06

B.1.4 Electrieity:#Main process uses electricity in three activities, i.e.

operating the machine, Washing and:coating‘lamp and lighting system.

- “Operating machine?” electricit; is the overall electricity used for all
machines in each production line of famp factory. L1 produces 36WT8 and 18WTS8,
L4 produces only 18WT8, L5 produces only 86WT8, and L7 produces both T5 FLs.
Each production line'requires different machine powers; L1 (45.54 kW), L4 (45.16
kW), L5 (46.39 kW) and L7,(/5.29. k\W). Working hours and the number of good
lamps are summarized in Table B=7. The caEﬁ:&Iat,-ion data of electricity used per one

FL production.is shown in Table B-8.

- Washing and coating lamp: This process IS separated from the production
line and used to prepare the glass tube before fed into main fne, so that the electricity
used is separated=from main line. Each FL has differentpowers of washing and
coating machines; 36\WI8 (9.33 kW), 18WT8 (12.31 kW) and T5 (11.24 kW). These
machinesh work: 9.33 hours per ‘day, ‘where} the ‘amount of warking days and the
number of;glass tubes coated are summarized in Table B-9. The calculation data of

electricity used washing and coating per one FL is shewn in Table B-10.

- Lighting ‘system: Lamp industry predicts the percentage of electricity used
for lighting system at 5% of the total electricity consumption. This research allocates
electricity based on the production capacity of each FL (by weight). Table B-11
shows the electricity consumptions, the numbers of good lamps produced, and the

calculated value of electricity in lighting system per one FL.




Table B-7 @r

Iy,

s and the @od lamps

36WT8 14WT5

Month Good Working rk 0 Working Good Working

lamp (hour) I ou “lam hour) lamp (hour)
Jan-09 | 105,246 132 ‘ 46 ; 36 636 4
Feb-09 | 88,217 122 J R 061"}, 58 516 6
Mar-09 | 13,540 17 2,865 7= 974 62 971 4
Apr-09 9,707 24 8 S 77 IR N, S5 484 8
May-09 | 23,755 62 , R 24,180 | . 136 1,460 16
Jun-09 | 86,383 134 Ago1gF | B 2,432 154 1,825 12
Jul-09 | 88,625 153 O T b 6 160 1,077 8
Aug-09 | 63,941 83 4, AR 3,84 160 1,015 6
Sep-09 | 29,426 44 ] - -
Oct-09 4,265 6 175 8
Nov-09 | 37,466 50 990 16
Dec-09 | 64,969 89 "\ - -
Jan-10 | 12,182 25 P 2,950 7
Feb-10 | 22,944 36 =] 38,116 2 3,705 13
Mar-10 | 35,952 44 14,550 | Jh77 5,896 21
Apr-10 | 39,678 61 7,005 8 32,400 | 85 4,762 14
May-10 | 63,290 72 156,368 48 6,048 40 - -
Total | 789,586 FW W%iwg 1426400 26,462 144

‘ L o Jille

v ¢ o v/
ARIANNIUARTINEIRE
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Table B-8 Electricity used per one FL production

107

Data type L1 L4 L5 L7
FL type Total_power of 4554 | 4516 46.39 75 29 Total
machine (kW)
Good lamp - 781,986 - 789,586
Working (hour) 1,135 - 1,153
36WT8 | Electricity (kW ! 52,642 - 53,462
Electricity '
(KWh/FL 0.108 0.067 - 0.068
Good la 26,381 , - 559,178
Working (h /5 - - 673
18WT8 | Electri 491 - 30,388
Electrici r .
(KW N Oﬁ‘ - 0.054
Good la - A\ 372,677 | 372,677
Wor (heur) - - - 1,264 1,264
28WT5 | Electrici " 95,166 | 95,166
Electrieity per one FL e
(KWH/FL) “ . = 0.255 0.255
Good la - Fr - - 26,462 | 26,462
Working (h 4 s - 144 144
14WTS5 | Electricity (kWh)“ 1 - - 10,817 | 10,817
— —
(Eklectrllc:nty per o _,.r:__g. 7 ] 0.409 0.409

J

8

AU INENTNYINS
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Table B-9 N@s

I

andblas@of each FL

108

ont 36WT8 1 [ eawTs 1AWT5
Glass bulb coated | Days | Glass b ays G oated | Days | Glass bulb coated | Days

Jan-09 115,668 17 : 6 S b, 4 - -
Feb-09 97,887 17 £ = ~ 6 - -
Mar-09 15,680 3 60 49 14, 7 - -
Apr-09 12,329 3 7 i 6,019 5 - -
May-09 29,353 9 7, % (2] 18 - -
Jun-09 100,939 20 11 A7 6,73 19 - -
Jul-09 104,837 18 2, 2 Jamrr i ' 20 - -
Aug-09 70,871 11 7416 ipe " 56,6 19 - -
Sep-09 33,187 9 58,85 el 16,082 5 - -
Oct-09 4,652 2 24, F AT - - -
Nov-09 41,312 7 77,636 %gﬁf 1,288 1 1,515 2
Dec-09 73,920 14 81,4135 =4/ A AN - - - -
Jan-10 14,024 4 | ) 15428 2 6 3,330 2
Feb-10 25,557 6 | T - 593 1
Mar-10 38,827 7 ~ 15,900 : 19 1,286 1
Apr-10 44,516 8 ﬁ?,ao 446 9 4,824 2
May-10 69,581 11 “+59,984 6 7,008 4 - -
Total 893,140 166 605,335 375,279 11,548 8

ﬂumwﬂmwmm
ama\mmwnwmaﬂ
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Table B-10 Electricity used washing and coating per one FL

Data Unit 36WT8 18WTS8 28WTH5 14WT5
Working hour hr/day 9.33 9.33 9.33 9.33
Working day day 166 85 142 8
Power machine kW 983 12.31 11.24 11.24
Glass bulb coated bulb 893,140 605,335 375,279 11,548
Electricity kWh 14,447 Oi65 14,894 839
Electricity per FL | kWh/FL | 1.62E-02 |~ 1.61E-02 | 3.97E-02 | 7.27E-02

-

TablesB=11 Electricity for lighting systemsper one FL

Month Goed Electricity VEIectricity for lighting | Electricity per
lamp (kWh) |} system (KWh) one FL (kWh)
Jan-09 714,029 464,000 - [* 8,050 1.13E-02
Feb-09 569,747 YBJ0O0— == 8,150 1.43E-02
Mar-09 628,634 180,000~ 9,000 1.43E-02
Apr-09 473,982 128,000 \ 6,400 1.35E-02
May-09 584,211 171,000 8,550 1.46E-02
Jun-09 | 686,727 | 169,000 *d 4 8450 1.23E-02
Jul-09 659,551 175,000 <4 87 1.33E-02
Aug-09 655,240 172,000 J‘ 8,600 1.31E-02
Sep-09 668,034 2152,000 S .600 1.14E-02
Oct-09 776,431 162;000 ., 18,100 1.04E-02
Nov-09 687,753+ | 457,000 == B50 1.14E-02
Dec-09 | 547,723 130,000 6,500 1.19E-02
Jan-10 || 625817 | 139,000 | 6,950 1.11E-02
Feb-10 742,616 160,000 8,000 1.08E-02
Mar-10 676,034 170,000 3,500 1.26E-02
Apr-10 473,504 117,000 5,850 1.24E-02
May-10 655,488 159,000 7,950 1.21E-02
Total 10,825,521 | 2,665,000 133,250 1.23E-02

B.1.5 Water supply: Main line production process uses water supply for

washing.the alass bulb.and.cooling system. Water will be allocated.according ;to the

fraction of each FL produet. This fraection of each FL type is given iinTable B-12

whereas the estimate amount of water used per one FL is shown in Table B-13.

B.1.6 LPG: Baking and exhausting machines are the main LPG consumers.

The amount of LPG used per one FL is given by the lamp factory: 0.0576 kg for one
36WT8, 0.0496 kg for 18WT8 and 0.1461 kg for 28WT5 and 14WT5.



Table B-12 Monthly production capacities of four types of EL in the selected lamp factory

All FL

36WTS8

18WTS

28\\aFS

14AWT5

Month %36WT8 | %18WT8 | %28WT5 | %14WTS
(lamp) (lamp) | (lamp) (lamp) (lamp)
Jan-09 | 714,029 | 107,456 | 36,471 |.79,306 681 15.05 5.11 1.30 0.10
Feb-09 | 569,747 | 102,904 | 57494 | 8463 517 18.06 1.01 2.36 0.09
Mar-09 | 628,634 | 28618 | 64,63/ | 10464 | 1,042 4.55 10.28 1.66 0.17
Apr-09 | 473982 | 10,164 | 13,214 | /5182 634 2.14 2.79 1.09 0.13
May-09 | 584211 | 31,211 | 6443 | 24644, | 1487 5.34 1.10 4.22 0.25
Jun-09 | 686,727 | 98,956 | 54,8390 | 43042 | 1903 14.41 7.99 6.27 0.28
Jul-09 | 659551 | 90,408 | 60,365 | 60,159 | 1,089 .| 1371 9.15 9.12 0.17
Aug-09 | 655240 | 67,595 | 10,518 J 54,126 | 1,030 10.32 1.61 8.26 0.16
Sep-09 | 668,034 | 41429 | 61,023 | 115,506 SJA | 820 9.13 2.32 0.00
Oct-09 | 776,431 | 15664 | 26,345 |& 1480. | 170 . 202 3.39 0.19 0.02
Nov-09 | 687,753 | 44,458 | 76,194 | 3,884 1,004 | 646 11.08 0.56 0.15
Dec-09 | 547,723 | 71,390 | 88825 | 67 - AN, 13.03 16.22 0.01 0.00
Jan-10 | 625817 | 17,423 | 6,338 | 17,158 2,957 2.78 1.01 2.74 0.47
Feb-10 | 742,616 | 29,330 | 39,448t il ididi3l il 395~ 531 1.68 0.51
Mar-10 | 676,034 | 47,689 | 17435 | 70,010 | 5902 7.05 ¢ 253 10.36 0.87
Apr-10 | 473504 | 42,017 | 7014 | 328% | 4832 8.87 1.48 6.95 1.02
May-10 | 655488 | 67,413 | 56,646 | 7,304 2,411 10.28 8.64 111 0.37
Total | 10,825521 | 914,125 | 631,20% |.381,164 | 29,446 8.44 5.83 3.52 0.27
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Table B-13'Waterused per.one.EL

All water Watewused for Water used per one FL

Month supply 36WT8 | 18WT8 [+ 28WT5 | 14WT5 36WT8 18WT8 28WT5 14WT5

(m®) (m®) (m®) (m?) (m°) (mP/FL) (m¥/FL) (m¥/FL) (m¥/FL)
Jan-09 1,151 173.22 58.79 45.00 1310 1.61E-03 1.61E-03 | 1.61E-03 | 1.61E-03
Feb-09 1,048 189.28 10.57 2476 0.95 1.84E-03 1.84E-03 | 1.84E-03 | 1.84E-03
Mar-09 1,131 51.49 116.29 18,83 1.87 1.80E-03 1.80E-03 | 1.80E-03 | 1.80E-03
Apr-09 690 14.80 19:23 754", | (1092 4| 146E-03 1.46E-03 | 1.46E-03 | 1.46E-03
May-09 952 50.86 10.50 2046 242 163E-03 | 163E-03 | 1.63E-03 | 1.63E-03
Jun-09 1,065 153.46 85.05 66.75 295, |, 155E-03 1.55E-03 | 1.55E-03 | 1.55E-03
Jul-09 1,024 140.36 93.72 93.40 169 | L55E-03 1.55E-03 | 1.55E-03 | 1.55E-03
Aug-09 1,036 106.87 16.63 85.58.44 1.6344 158E-03 1.58E-03 | 1.58E-03 | 1.58E-03
Sep-09 1,043 64.68 95.28 2438 =/ |7 Ji1.56E-03 1.56E-03 | 1.56E-03 -
Oct-09 1,100 22.19 37.32 2.10 0.24 [ 1.42E-03 1.42E-03 | 1.42E-03 | 1.42E-03
Nov-09 1,057 68.33 117.10 5.97. 156 | 1.54E-03 1.54E-03 | 1.54E-03 | 1.54E-03
Dec-09 672 87.59 108.98 0.08 - 1.23E-03 | 1.23E-03 | 1.23E-03 -
Jan-10 942 26.23 9,54 25.83 4.45 1.54E-03- | "1.51E-03 | 1.51E-03 | 1.51E-03
Feb-10 986 38.94 52:38 16.56 5.01 1.33E-03 |~ 1.33E-03 | 1.33E-03 | 1.33E-03
Mar-10 1,061 74.85 26.89 109.88 9.26 157E-03 | 157E-03 | 157E-03 | 1.57E-03
Apr-10 779 69.13 11.54 54.12 7.95 1.65E-03*"| 1.65E-03 | 1.65E-03 | 1.65E-03
May-10 970 99.76 83.83 10.81 3.57 1.48E-03 1.48E-03 | 1.48E-03 | 1.48E-03
Total 16707 1432 954 602 46 1.57E-03 1.51E-03 | 1.58E-03 | 1.55E-03
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B.2 Cement mixing

B.2.1 Aluminum and copper: The main components of base cap are
aluminum and copper. The estimate of the amount of aluminum and copper used per
one FL requires that the number of base cap used per one FL be calculated. Table B-
14 shows the base cap data of 36WT8, 18\WT8, 28\\WT5 and 14WT5.

- The weight of one base cap #0r 8= 1.63 gram (50.92% aluminum,
31.04% copper and 18:04% other)

- The*welght ef One base cap for TS = 1.08 gram (34.44% aluminum,
43.06% copper and.22.51% other)

The amounts of aluminum and copper used per FL are calculated and
displayed in Table B-15.

B.2.2 Capping cement-and M(ié-f;hanol: Each base cap is filled with the
capping cement that contains the mixturéldof 92.66% capping cement powder and
7.34% methanol. 4 4

- T8 base cap is filled with 1.3—’g_ram of capping cement

- T5 base Cap s filled with 0.4 gramiof capping cement

Quantities of capping cement’psdyvder and methanol used per one FL
are calculated and present in Table B-16. Capplﬁ'g cement powder is the mixture of
11.8%wt. Pheno#ic.resin.-blend.and.88.2%wt. Mineral fillers. ¥anle B-17 displays the

amount of such eomponents used per one FL.

B.2.3 Electricity for cement mixing machine: The mixing machine has a
capacity of 27 kg cementsper batch. The mixing time for one batch is one hour and
five minutes, jand this requires the motar power of 0.37°KW. Therefore;

Electricity used for a once time mixing = 0.37 kW x 1.083 hour

=0.401 kWh
Electricity used for mixing.one kg cement = 0,401/27 = 0.015 kWh/kg cement
Table B-18 shows the calculation data for calculate electricity used mixing

cement per one FL.



Table B-14 Base cap data.of.each.EL
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36WT8 18WT8 28WT5 14WT5
Month | Good Basecap | Basecap/ | Good | Basecap'| Basecap/ | Good | Basecap | Basecap/ | Good | Basecap | Base cap/
lamp (Piece) | good lamp | lamp (Piee€e) 41 g90d lamp | lamp (Piece) | goodlamp | lamp (Piece) | good lamp

Jan-09 | 105,246 | 219,496 2.09 26,079 (472,000 2.16 I QA2 15,586 571 636 4,414 6.94
Feb-09 | 85,955 | 202,838 2.36 - - e T L LE 10,000 10.26 - - -
Mar-09 | 20,861 44,000 2.11 53,676 |4 88,400 65 300 3,797 12.66 - - -
Apr-09 | 4,962 28,000 5.64 12,528F1 24,000 T92=9" | 2,438 26,300 10.79 - - -
May-09 | 16,484 76,000 4.61 5,441 16,000 2:94 T} 6,173 59,459 7.28 942 10,000 10.62
Jun-09 | 94,804 | 220,207 2.32 44,360 4 108,000 22304 1500 90,000 5.97 - - -
Jul-09 | 67,575 | 206,796 3.06 59,948 | 120,000 -} .5,2.00 | 3830;733 | 120,000 3.90 1,077 10,000 9.29
Aug-09 | 55,133 138,026 2.50 7,997 17,283 92164 -4 116,609 7 110,000 6.62 - - -
Sep-09 | 24,761 70,477 2.85 61,150 | 136,000 |48d72.22 540 907 40,000 3.36 - - -
Oct-09 | 10,233 28,000 2.74 25,953 | 60,000 572,31 7 - - - - -
Nov-09 | 30,337 72,000 2.37 58,577 | 144,080 4 2.46 —__—«‘-' - - - - -
Dec-09 | 58,810 156,000 2.65 79,973 | 172,000-1.052.05 / S - - - - -
Jan-10 | 16,805 56,000 3.33 16,554 | 28,000 169 ~ 3,358 36,460¢ 10.86 365 3,540 9.70
Feb-10 | 18,023 | 49,022 2.72 39,203 | 96,000 2.45 1,012 20518/ 20.28 - - -
Mar-10 | 41,952 91,619 2.18 17,100 | 48,000 2.81 32,208 | 146,039 | 4.53 600 4,961 8.27
Apr-10 | 34,337 100,000 291 - — - - 14,542 77,053 5.30 2,272 14,829 6.53
May-10 | 58,791 153,123 2.60 56,368 || 130,203 e 928 9,000 9.70 - - -
Total | 745,069 | 1,911,604 2.566 564,907 | 1,259,967 2.230 140,986 | 764,213 5.420 5,892 47,744 8.103




Table B-15 Aluminum and copper calculation data of each FL
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FL Base cap/FL | Weight of one | Aluminumper | _.€opper per Otherper | Aluminum per | Copper per | Other per
type (piece) base cap (9) one base«(0) onebase (g)+| one base.(g) one FL (kg) one FL (kg) | one FL (kg)
1) ) ©) (4) 4 (5) (6) ) (8)
36WT8 2.566 1.63 0,880 0.506% 0.294 2.13E-03 1.30E-03 7.54E-04
18WTS8 2.230 1.63 0.830 0:506 2 & 0.294 1.85E-03 1.13E-03 6.56E-04
28WT5 5.420 1.08 0.372 0,255 0.243 2.02E-03 2.52E-03 1.32E-03
14WT5 8.103 1.08 0.372 ,0.465 /% 0.243 3.01E-03 3.77E-03 1.97E-03
o
Remark: 2)=R)+ 4 +(5), (6) =4(1)x (3)]/2000, % (7)=[(@) x(4)]/1000, (8) =[(2) x (5)]/1000
Table B-16 Capping cement powder and rﬁ'é;{‘hgnol calculation data of each FL
FL tvoe Base cap/FL | Capping cement | Capping cement powder | :;I\:/L@thanol per | Capping cement powder | Methanol per
yp (piece) per one base (g) per one base (g) L one base (g) per one FL (kg) one FL (kg)
0 B S5 () (5) (6)
36WT8 2.566 1.3 1.205 0.095 3.09E-03 2.45E-04
18WT8 2.230 1.3 1-206——M - 0.095 2.69E-03 2.13E-04
28WT5 5.420 0.4 0.371 0.029 2.01E-03 1.59E-04
14WT5 8.103 0.4 0.371 0.029 3.00E-03 2.38E-04
Remark: (3) =(2)*92.66/100, (4) = (2)*7.34/100, (5) = (1)*(3)/1000, (6) = (1)*(4)/1000
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Table B-17 Component of capping cement used per one FL

FL type Capping cement powder | Phenolic resin | Mineral fillers
per one FL (kg) blend (kg) (kg)
36WTS8 3.09E-03 3.65E-04 2.73E-03
18WTS8 2.69E-03 3.17E-04 2.37E-03
28WT5 2.01E-03 2.37E-04 1.77E-03
14AWT5 3.00E-03 3B4E-04 2.65E-03

Table B-18 Electrieity used for ecement mixing per one FL

FL type Cement/one™| Electricity used/ Base/_one FL | Electricity used/
base (g) one base (KWh) (piece) one FL (kWh)
36WTS8 o] 1 93E:05 2.566 4.96E-05
18WTS8 18 1.93E-05 2.230 4.31E-05
28WT5 0.4 5.94E-06 5.420 3.22E-05
14WT5 04 5.94E-G§ 8.103 4.82E-05

B.3 Stem produetion

The main components for Siem aré stem tube, exhaust tube, lead wire and

filament coil. Stem is separated-into two sides; S has a holes and L has no holes.

B.3.1 Stem T8: Recorded production—-:;ja:[é,for stem T8 has not separated the
amount of both stem sides, only recorded the diﬁérent sizes oflexhaust tubes used for
producing each stem T8 Side. Therefore the calculation iS more complex as described
in the remark of-able. Stem T8 production contains with three sup-processes; flare
making, stem making and stem mounting.

(1) Flares-making: Flare is made from the cutting process of stem tube.
The ameunt'of stem tube ‘used ‘and flare produced in each manth:of 36WT8 and
18WT8 are displayed in Table B-19.

(2) Stem making: This process is thesassembly of flare, @xhaust tube
and  lead 'in“wire  tagether: for the production/ of ‘one stem. Quantity of these
gomponents used per one stem for 36WT8 and 18WT8 are shown in Tables B-20 and
B-21.

(3) Stem mounting (stem M.T.): Stem from stem making process will

be mounted with filament coil. The amount of stem and coil used for produced one
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stem M.T of 36WT8 and 18WT8 are shown in Table B-22. The numbers of stem
M.T. used for the production of one 36WT8 and 18WT8 FL are shown in Table B-23.

The summary of all stem production data for 36WT8 and 18WT8 is presented
in Table B-24. The calculations of materials used for stem production of one 36WT8
and 18WT8 are summarized in Table B-25.

Table B-19 Stem tube used and fl_a}re produeed of 36WT8 and 18WT8 FL

36WTS 18WT8
Month Stem Flare® | Stem tube/ | Stem tube | Flare | stem tube/
tube (ko) | .«(kg) flare (kg) (kg) (kg) flare (kg)

Jan-09 681.Lg#" 595 4 134 265.60 | 181.80 1.46
Feb-09 649.9 7 5 J N R - - -
Mar-09 126.640| 23 JI™ =08 304.70 | 295.10 1.03
Apr-09 | 8o FeZof | T 1AF |\ 90.00 64.20 1.40
May-09 | 172.8 go2@ T 19|\ 20,00 26.80 1.49
Jun-09 7236 BOJF5 | #4-13Gd 270.40 | 235.20 1.15
Jul-09 629.5 540.2 F** 147 % | 300.50. | 276.50 1.09
Aug-09 | 399.947| 866.1 J < 109 4 | 6491 42.87 1.51
Sep-09 287.3 | 2418 119" 1,33200 | 263.30 1.26
Oct-09 73.0 510" | 143 | 15120 | 12510 1.21
Nov-09 | 252.4 22597 1) W B4 4 376.50 | 354.50 1.06
Dec-09 503.0 4219 [ 119 © | 42560 | 403.90 1.05
Jan-10 | .120.3 98.3 1.22 78.50—1274.60 1.05
Feb-10 | 1775 156.7 1.13 203.60 | 133.60 1.11
Mar-10 | 2370 206.3 1.15 107.30 + 82.30 1.30
Apr-10 268.8 209.7 1.28 39.30 | 35.40 1.11
May-10 | 394.0 330.9 1.19 304.40 | 272.30 1.12

Total 5785.5 [.4976.1 1.163 3355 2917 1.150




Table B-20 Material for produce one stem.of 36WT8
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Materials used

Materials per one piece of stem

Exhaust Exhaust , B Exhaust Exhaust .
Month Flare Lead in produced Flare Lead in
(ka) tube 0.7 tube 0.35 el (piece) (ka) tube 0.7 tube 0.35 wire (pair)
mm (kg) mm (ko) mm (kg) mm (kg)
Jan-09 595.4 310.5 234.7 263,706 2524364 2.36E-03 2.46E-03 1.86E-03 1.065
Feb-09 576.8 311.6 224.8 258 561 244,318 2.36E-03 2.55E-03 1.84E-03 1.058
Mar-09 123.4 67.0 44.0 SO0, 51,349 2.40E-03 2.61E-03 1.71E-03 1.003
Apr-09 62.0 30.1 25.0 27,000 27,493 2.26E-03 2.19E-03 1.82E-03 0.982
May-09 162.2 87.5 62.0 72,500 7&118 4 [2.31E-03 2.49E-03 1.77E-03 1.033
Jun-09 607.5 319.2 226.7 268,758 ° 255,878 " | 2.37E-03 2.49E-03 1.77E-03 1.031
Jul-09 540.2 267.6 208.0 284,08L.1 4] 229,391 | 2.36E-03 2.33E-03 1.81E-03 1.020
Aug-09 366.1 183.7 134.7 158 Al 151,956 %8 2./41E-03 2.42E-03 1.77E-03 1.040
Sep-09 241.8 119.2 93.6 104,850 100,%9?— | 2.41E-03 2.38E-03 1.87E-03 1.046
Oct-09 51.0 25.0 21.0 23,000- 21,2101 1.2.40E-03 2.36E-03 1.98E-03 1.084
Nov-09 225.9 114.0 96.0 98,000 92,385 2.45E-03 4/  2.47E-03 2.08E-03 1.061
Dec-09 421.9 225.0 170.0° 182,250 174,740 2.41E-03* | 2.58E-03 1.95E-03 1.043
Jan-10 98.3 52.0 38.0 42,000 41,036 2.40E-03 ¢+ 2.53E-03 1.85E-03 1.023
Feb-10 156.7 80.5 52.3 69,905 69,465 2.26E-03 2.32E-03 1.51E-03 1.006
Mar-10 206.3 107.1 57.6° 98,994 95,942 2.15E-03 2.23E-03 1.20E-03 1.032
Apr-10 209.7 113.0 58.0 98,500 97,000 2.16E-03 2.33E-03 1.20E-03 1.015
May-10 330.9 174.5 91.6 156425 152,726 2:17E=03 2:28E-03 1.20E-03 1.024
Total 4,976.1 2,587.4 1,838.0 2:208,108 2,127,630 | 2.34E-03 2.43E-03 1.73E-03 1.038




Table B-21 Material for produce one.stem.of 18WT8
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Materials used

Materials per one piece of stem

Exhaust Exhaust , B Exhaust Exhaust .
Month Flare Lead in produced Flare Lead in
(ka) tube 0.7 tube 0.35 el (piece) (ka) tube 0.7 tube 0.35 wire (pair)
mm (kg) mm (ko) mm (kg) mm (kg)

Jan-09 181.8 92.0 65.0 824500 82,413 2.21E-03 2.23E-03 1.58E-03 1.001
Feb-09 - - - f -5 - - - -

Mar-09 295.1 151.0 102.0 136,500., 134,878 2.19E-03 2.24E-03 1.51E-03 1.012
Apr-09 64.2 34.0 21.0 30,500 29,445 2.18E-03 2.31E-03 1.43E-03 1.036
May-09 26.8 16.0 9.0 13,500 15;518 4 [\214E-03 2.56E-03 1.44E-03 1.080
Jun-09 235.2 116.0 68.0 102,000 ° 100,396 © | 2.34E-03 2.31E-03 1.35E-03 1.016
Jul-09 276.5 142.0 82.0 182,000.0 41~ 129,126 | 2.14E-03 2.20E-03 1.27E-03 1.022
Aug-09 42.9 24.2 7.3 20,254, 19,872 4y 2.16E-03 2.44E-03 7.33E-04 1.019
Sep-09 263.3 142.0 82.0 134,500 133,&{3— | 1.98E-03 2.13E-03 1.23E-03 1.010
Oct-09 125.1 64.0 35.0 59,000 56,276 -1 {.2.22E-03 2.27E-03 1.24E-03 1.048
Nov-09 354.5 186.0 100.0 166,500 164,569 2.15E-03 4/  2.26E-03 1.22E-03 1.012
Dec-09 403.9 213.0 116.0° 192,500 188,224 2.15E-03" | 2.26E-03 1.23E-03 1.023
Jan-10 74.6 38.0 23.0 37,000 34,769 2.15E-03 ¢+ 2.19E-03 1.32E-03 1.064
Feb-10 183.6 96.0 52.0 87,500 85,609 2.14E-03 2.24E-03 1.21E-03 1.022
Mar-10 82.3 45.0 25.07 39,500 38,266 2.15E-03 2.35E-03 1.31E-03 1.032
Apr-10 35.4 19.0 10.0 16,500 16,449 2.16E-03 2.31E-03 1.22E-03 1.005
May-10 272.3 137.0 78.0 1283500 1254307 21 7E<03 2:19E-03 1.24E-03 1.025
Total 2,917.5 1,515.2 8153 1,378,754 1,3514177 | 2.16E-03 2.24E-03 1.30E-03 1.020




Table B-22 Stem and coil used for produced one stem. M. T of 36WT8 and 18WT8
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36WT8 18WT8
. Stem Stemifone Coillone . Stem/one Coil/one
Month Stem Coil Stem Coil Stem M.T.
(piece) (piece) MT stem MET . stem M'I'I (piece) fpicce) (piece) stem M.T. stem M.T.

(piece) (piece) (plece) (piece) (piece)
Jan-09 | 252,364 | 257,211 | 235,248 1.0#3 1-093 -3 #,82,413 82,100 78,138 1.055 1.051
Feb-09 | 244,318 | 255,685 | 231,981 £:053 1.102 - - - - -
Mar-09 | 51,349 52,900 47,560 1.080 1.1327 4 434)878, | 136,500 131,698 1.024 1.036
Apr-09 | 27,493 27,400 26,002 $#057 1.084 % 29,445 28,800 27,424 1.074 1.050
May-09 | 70,178 73,700 62,805 1.1 33 el 12,498 13,000 12,376 1.010 1.050
Jun-09 | 255,878 | 260,998 | 231,527 1.205 w27 100,396 | 101,900 97,711 1.027 1.043
Jul-09 | 229,391 | 232,942 | 212,099 1.082 11098 —'1129,126 132,500 127,544 1.012 1.039
Aug-09 | 151,956 | 157,500 | 150,604 1.009 1046 19,872 20,026 18,284 1.087 1.095
Sep-09 | 100,198 | 103,690 92,736 1.080 118 %8,_110 134,000 129,174 1.030 1.037
Oct-09 21,211 20,400 22,896 0.926 .-1=-0.891 « (56, 2076. 53,800 56,318 0.999 0.955
Nov-09 | 92,385 92,500 89,520 1.032 1.033 164,569 | 159,500 160,267 1.027 0.995
Dec-09 | 174,740 | 180,600 | 158,780 | 4104 1137 188,224 | 180,700 187,250 1.005 1.018
Jan-10 41,036 42,300 38,918 1.054 1.087 34,769 36,300 35,156 0.989 1.033
Feb-10 69,465 71,418 65,335 1.063 1.093 85,609 86,200 84,244 1.016 1.023
Mar-10 | 95,942 97,657 91,869 +1.044 1.063 38,266 38,400 37,656 1.016 1.020
Apr-10 | 97,000 97,800 95,222 1019 1.027 16,419 16,000 15,448 1.063 1.036
May-10 | 152,726 | 153,988 | 148,913 1.026 1.034 125,307 123,100 120,138 1.043 1.025
Total | 2,127,630 | 2,178,689 | 2,002,014 1.063 1.083 4,351,177 | 1,352,826 | 1,318,826 1.025 1.026




Table B-23 Stem M. I, used for preduced one 36\A/.T8 and 18WT8 FL

36WI8 18WT8
Month Stem M.T. SteoafMis T /one FLy | Stem™™A.T. Stem M.T. /one FL
. Good lamp ; \ . Good lamp .
(piece) (piece) | (piece) (piece)

Jan-09 235,248 105,246 ¥ =3 78,138 31,833 2.45
Feb-09 231,981 101,532 2128 i 4 - - -
Mar-09 47,560 20,861 28 R 131,698 57,696 2.28
Apr-09 26,002 9,707 2,68 \ 4 \2A424 12,528 2.19
May-09 62,805 24,879 2.52€ A% 12,376 5,441 2.27
Jun-09 231,527 96,829 239 - 4 K 7y 44,360 2.20
Jul-09 212,099 88,625 wome -l 59,948 2.13
Aug-09 150,604 66,667 2:26 Al 18,284 7,997 2.29
Sep-09 92,736 41,072 i 2LB f 129,174 61,150 2.11
Oct-09 22,896 10,233 2-24 ~ 56,318 25,953 2.17
Nov-09 89,520 40,102 RS +/l4-2460,267 74,825 2.14
Dec-09 158,780 68,978 2.30 187,250 . |/ 87,786 2.13
Jan-10 38,918 16,805 2.32 35,156 .~ 16,554 2.12
Feb-10 65,335 27,128 2.41 84,244 ' 39,203 2.15
Mar-10 91,869 41,952 2.19 37,656 17,100 2.20
Apr-10 95,222 41,717 2.28 15,448 7,005 2.21
May-10 148,913 66,741 2.23 120,138 56,368 2.13
Total 2,002,014 869,069 2:30 1,318,826 605,747 2.18
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Table B-24 Stem production.data for 36\A/18 and 18WT8
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kg stem kg flare/ Exhausigheie gt e Pa_lr Of. — Piece stem/ | Piece coil/ | Piece of stem
tube/ . 0.7 mm 035 mm in wire
FL type piece stem . / \ stem M. T. stem M.T. | M.T./Jone FL
kg flare /piece stem Ipiece stem Ipiece stem
1) ) (3) (4) == () (6) ) (8)
36WT8 1.163 2.34E-03 2.43E-03 1§3E2032 & 1.038 1.063 1.088 2.30
18WT8 1.150 2.16E-03 2.24E:03 F30E-USS 1.020 1.025 1.026 2.18
Table B-25 Materials for stem productifé)p of one 36WT8 and 18WT8 FL
FL type Stem tube | Exhaust tube | Lead in wire: Coil * | Tungsten Nickel Copper Dumet
(ko) (ko) (pai) o7 (picce),| (ko) (ko) (ko) (ko)
(9) (10) (11), - 12y, (13 (14) (15) (16)
36WT8 | 6.66E-03 5.09E-03 2.54° 2.51 {4 39E-05 9.81E-05 | 1.73E-04 | 2.14E-05
18WT8 | 5.54E-03 3.95E-03 2.28~=77 2.2357[#m3. 13E-05 8.79E-05 | 1.55E-04 | 1.92E-05
Remark:  (9) = (1) *(2) * (6) * (). (10) = [(8) /2] * (6) * [(3) +(4)]
(1) = ©G*©)*6), . @ = 0 O X
(13) For 36WT8 = (12) *0.0175/1,000 ; (one coil of 36WT8 = 0.0175 Q)
(13) For 18WT8 = (12)*0.0140/ 1,000 ; (one coil of 18WT8 = 0.0140 g)

(14), (15), (16)

(11) * [0¥1158./ 1,000] * [A / 100]

; (one lead in wire of T8 =0.1153 g and A = 33.5,59.2 and

7.3 respectively, Lead in wire comprises 6f 33:5% Nickel, 59.2% Copper and 7.3% Dumet)
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B.3.2 Stem T5: The recorded data are separated into two sides of stem (S and
L). Stem T5 production has only one process of stem mounting. The amount of stem
and coil used for the production of one stem M.T. includes the amount of stem M.T.
used per one 28WT5 FL for the L side as shown in Table B-26, and for the S side as
shown in Table B-27. For one 14WT5 FL, the data for L side and S side are shown in
Table B-28 and B-29.

Table B-30 summarizes the stem production.data for 28WT5 and 14WT5 FL.
The calculated results of materials used ;‘Jor the production of stems T5 of 28WT5 and
14WT5 FL are also showain Labie B-31.

The weight™of eaeh stem; coil ang lead in wire used for the calculation of the

amounts of materials Usedforproduce stem are shown in Table B-32.

B.3.3 Electricityfor stem produci:ion

The selected lamp factory only prd'pudés the stem of T8 but the stem of T5 is
purchased from other factory. However, the productions of stems for T8 and T5
employ similar method with the differencet;(i)"'nlgi- on the size of stem. Therefore, the
electricity for stem produgtion of T5'is basécf{qh t_he same basis as the electricity used
for the stem T8 production and allocated bulasjs; of flare. Table B-33 displays the
working hour and flare produced of ‘stem _3?8_;pr9duction. Flare making machine
requires 0.93 kW of power ahd thé power fér the lighting sysiem in the flare making
room is 0.72 «W. The calculation of electricity used for stem production is

summarized in 'fable B-34.



Month Stgm L Cc_>i| L Stem_M Coil L/one_Stem Stem M.T. L{one
(piece) (piece) M.T. L (piece) good lamp (piece)

Jan-09 - - - -

Feb-09 1,900 2,000 1.053 1.131
Mar-09 1,715 1,715 1.000 1.278
Apr-09 7,830 7,781 1.027 1.868
May-09 | 34,322 33,288 1.020 1.491
Jun-09 53,248 56,356 1.092 1.216
Jul-09 65,905 70,008 1.063 1.105
Aug-09 | 63,938 64,516 1.019 1.176
Sep-09 16,808 17,141 1.027 1.138
Oct-09 - - - -

Nov-09 3,985 5,100 1.386 1.047
Dec-09 - - - -

Jan-10 22,622 22,897 1 . 1.062 1.269
Feb-10 | 15429 | 15249 14, - 1017 1.214
Mar-10 | 80,420 | 80,072 77, 68,769 1.031 1.129
Apr-10 | 38,937 36,801 35,426 1.039 1.093
May-10 | 11,073 10,950 10,9 5,837 1.011 - 1.000 1.876
Total 418,132 | 423,873 405,519 ¢ | 339,371 0 01.031 1.045 1.195
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Month St(_em S Cgil S Stem Coil S/one_Stem Stem M.T. S/_one
(piece) (piece) M.T. S (piece) good lamp (piece)

Jan-09 - - - -

Feb-09 1,900 2,000 1.053 1.131
Mar-09 1,715 1,754 1.023 1.278
Apr-09 8,800 8,736 1.038 2.075
May-09 35,689 33,952 1.013 1.531
Jun-09 58,261 59,822 1.046 1.348
Jul-09 67,010 70,994 1.060 1.124
Aug-09 61,995 63,414 1.034 1.139
Sep-09 15,365 16,684 1.087 1.047
Oct-09 - - - -

Nov-09 3,926 5,100 1.404 1.034
Dec-09 - - - -

Jan-10 22,721 22,771 1.043 1.285
Feb-10 16,427 15,249 1.017 1.214
Mar-10 81,520 80,072 1.031 1.129
Apr-10 38,283 36,801 [ 1.029 1.104
May-10 11,279 10,756 10,950 5,837 1.030 - 0.982 1.876
Total 424,890 428,105 411,243 4 339,371 1.033 1.041 1.212
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Month St(_am L Cc_>i| L Coil L/one_Stem Stem M.T. L{one
(piece) (piece) M.T. L (piece) good lamp (piece)

Jan-09 - - - -

Feb-09 - - - -

Mar-09 - - - -

Apr-09 - - - -

May-09 | 2,794 3,250 1.218 1.828
Jun-09 2,262 2,422 1.087 1.221
Jul-09 2,868 2,868 1.000 2.663
Aug-09 2,049 1,969 1.000 1.940
Sep-09 - - - -

Oct-09 - - - -

Nov-09 1,079 1,550 1,003 1.545 1.013
Dec-09 - - - - -

Jan-10 4,006 3,976 3,9@1 . 1.000 1.348
Feb-10 4,108 4,149 3,780 1.098 1.020
Mar-10 8,142 7,527 7,208842 ) 5,89 1.036 1.232
Apr-10 6,429 6,063 5,970 1.016 1.254
May-10 | 2,878 2,853 2,600 2,600 1 107 1.097 1.000
Total 36,616 36,627 34,327 |, 26,280 1.067 1.306

ﬂ‘iJ&J’J‘V]&W]‘ﬁW&J”
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Month St(_am S Cgil S Stem_M. Caoll S/one_Stem Stem M.T. S/_one
(piece) (piece) (piece) M.T. S (piece) good lamp (piece)

Jan-09 - - - - -

Feb-09

Mar-09

Apr-09 - - - -

May-09 | 3,051 3,240 1.214 1.828

Jun-09 2,412 2,412 2,412 1.000 1.321

Jul-09 3,237 3,237 3,237 1.000 3.006

Aug-09 2,702 2,621 2,621 1.000 2.583

Sep-09 - - - - -

Oct-09 - - - g - -

Nov-09 1,954 1,550 1,003 = 7' : 1.545 1.013

Dec-09 - - - _oa B T - -

Jan-10 | 3,279 3,469 3.@3 , £ 1.058 1.112

Feb-10 3,780 4,149 3, 1.098 1.020

Mar-10 | 7,291 | 7527 7, 5,8¢ B 1036 1.232

Apr-10 5,970 6,063 5,970 11. 1.016 1.254

May-10 | 2,600 2,853 2,600 2,600 1.000 : 1.097 1.000

Total 36,276 37,122 34,834 ¢ J. 26,280 001.041 1.066 1.326
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Table B-30 Stem production data for 28\W.I5 and 14WT5 FL

127

Stem L/one Stem | Coil L/one StemepStem.M..T. L/ane | Stem S/one Stem | Coil S/one Stem | Stem M.T. S/one
FL type M.T. L (piece) M.T. L (piece) _wgooddamp (piece) M.T. S(piece) M.T. S (piece) good lamp (piece)
1) ) G \ (4) () (6)
28WT5 1.031 1.045 LAgs == 1.033 1.041 1.212
14WT5 1.067 1.067 1.306 : 4 1.041 1.066 1.326
Table B-31 Materialsfor stem pro’ducﬁfo’n of one 28WT5and 14WT5 FL
Stem L Coil L Stem' S Coil S 1 Tungsten Glass Nickel Copper Dumet
FL type | (piece) | (piece) | (piece)d| (piece) | (kg) 4| . (ko) (ko) (ko) (ko)
() (8) ) (10). @ | (12 (13) (14) (15)
28WT5 1.232 1.249 1.252 1.264+ | 2.71E-05 | 4.82E-03 | 9.23E-05 | 2.32E-04 | 2.14E-05
14WT5 1.393 1.394 1.380 1,413 2.73E-05 [ 5.45E-03 | 1.03E-04 | 2.59E-04 | 2.39E-05
Remark:  (7) = (1) * ), ® = (2) =3, @O= (4) * (6), (10) = (5) * (6)
Table B-32 Weight of €ach stem;fcﬁﬂ-:and lead in wire
Stem L (g/piece). Coil L Stem.S (g/piece) Coil S
FL type Total Lead in wire | - Glass (g/piece) |  Total Lead in wire Glass (g/piece)
(16) 17) (18) (19) (20) : 7(21) (22) (23)
28WT5 2.2281 0.1392 2.0889 0.0102 1.9324 .0.1392 1.7932 0.0114
14WT5 2.2615 0.1392 2.1223 0.0108 1.9464 0.1392 1.8072 0.0087
Remark: (11) = {[(8) * (19)}+ [(10) *(23)]}/ 1,000, (T2% N {[(7) *=(18)]+ [(9) * (22)]} / 1000,

(13), (14), (15)

When

A

{[(7) =@ANT+ [(4) * (D)1} * A /(100 *1,000)
26.7, 67.1 and 6.2 respectively; Lead in wire of T5 = 26.7% Nickel, 67.1% Copper and 6.2% dumet



Table B-33 Worki

T8 production

—_“C VT8

Month Flare (k Worklng (hour)
Jan-09 595. 59.0
Feb-09 576. W 0.0
Mar-09 123. 5 =i - 88.5
Apr-09 62. 95 19.7
May-09 162. =48.6[17 9.8
Jun-09 607.5 82: 68.8
Jul-09 540. 1844 ~, 68.8
Aug-09 366.1 - 16.3
Sep-09 241.8 = 2 78.6
Oct-09 51.0 il . . 25.1 39.3
Nov-09 225.9 Etea——— 354.5 98.3
Dec-09 421.9 A6 < 9 108.1
Jan-10 3 19.7
Feb-10 49.2
Mar-10 29.5
Apr-10 20 ’ 9.8
May-10 3309 93.9 272.3 59.0
Total 4,976. ]f 1,529.6 2917.5 822.4
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Table B-

'V//zx,,
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ity
FL Flare | Working | Electricity in .,. lectricity in machine/ | Lighting system/
type (kg) (hour) | machine (kWh) "" \”4“ . one FL (kWh/FL) one FL (kWh/FL)
1) ) ®3) NN (6) ()
36WT8 | 4,976.1 | 1,529.6 1,426.4 —._ lt /3 Nﬂ%u\‘* 1.64E-03 1.27E-03
18WT8 | 2917.5 | 822.4 766.9 V. .ZYEET N 1.27E-03 9.77E-04
28WT5 | - - - r £/ Fh- ﬁa \_j&i\‘ . 7.14E-04 5.51E-04
14WT5 FF HQE‘ | 246 .J.:‘\ 8.08E-04 6.24E-04
Remark:  For T8 FL *""1"‘-
@ = (2) *0.93,
6 = () * () /(1) ()
For TS5 FL o
(6) = (0.2747 KWh/kg ;_'_':'t:':”"'-" 47 is average G "i’ ' ricity used in flare machine
7 = (0.2121 kWh/kg flare) * of eleCtricity used in lighting system

QW']fNﬂ‘mJ UAIINYAY
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B.4 Sleeve production

Sleeve or packaging of FL is made in the lamp factory. The production
method for sleeve of T8 is slightly different from that of the sleeve of T5; sleeve T8
production constitutes three sub-processes; crepe paper making, slice crepe paper and
sleeve making. Meanwhile, sleeve T5 is made Trorm.an automatic assembly machine.

B.4.1 Sleeve T8

(1) Crepe paper_making: Raw materials for crepe paper are brown paper,
white paper and paste. The amounts of these materials used per one kg crepe paper are
shown in Table B-35.

(2) Slice machine: Crepe paper fiom the previous process has inappropriate
width namely “big roll‘crepe paper”. The slice:machine is needed to prepare the crepe
paper into normal size namely “small roll 7crepe paper” for the production of sleeve.
Table B-36 displays the amount of big roll 6réhé paper used per one small roll crepe

paper produced. 4
(3) Sleeve making: this process uses the small roll crepe paper, tape and latex
gum to produce sleeves for each type of FL.:Ré\’N':ihVentory data for the production of

one kg of 36WIT8 and 18WT8 are shown in Tables B-37 and-B-38, respectively.
B.4.2 Sleeve T5

Raw materials. for sleeve T5 are brown paper, white paper and latex gum. The
inventary foritheseiraw materials for making:28WT5 and 14WT5sleeves are shown

in Tables B-39'and.B-40, respectively.

Table B-41 summarizes material_data for the production of one kg of small
roll ‘crepe [paper. ‘Materials .used to produce one kg 36WT8 and 18WI8 sleeves are
displayed in Table B-42. Latex gum contains one part of water and four of latex gum.
Table B-43 presents the number of sleeve pieced per one kg weight of sleeve and raw

materials used for the production of one piece of sleeve are shown in Table B-44.



Table B-35 @or pﬂduc@crepe paper
Brown paper | White paper ( m kg white paper/ kg paste/

Month (kg) (kg) f \ kg crepe paper | kg crepe paper
Jan-09 4,995 2,751 0.319 0.129
Feb-09 2,042 1,371 0.349 0.149
Mar-09 5,261 3,300 0.329 0.163
Apr-09 2,444 1,958 0.388 0.137
May-09 - - - -
Jun-09 748 413 0.352 0.038
Jul-09 2,190 1,330 0.377 0.056
Aug-09 2,867 1,725 0.382 0.038
Sep-09 4,804 2,860 0.379 0.033
Oct-09 9,497 5,620 0.377 0.032
Nov-09 8,288 4,956 0.380 0.033
Dec-09 5,505 3,403 0.391 0.033
Jan-10 6,735 3,970 3 0.372 0.033
Feb-10 7,652 4 456"‘[' - 0.366 0.034
Mar-10 5,736 3,277%41 0.371 0.033
Apr-10 4,989 2,857 ' 0.365 0.040
May-10 7,936 4,722 431 12,086 0.657 0.391 0.036
Total 81,687 48,966 132,633 0.616 0.369 0.058

ﬂ‘LJEJ'W]EJ‘V]‘ﬁWEJ']ﬂ?
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Table B-36 Big roll crepe paper for produce small roll crepe paper

132

Big roll crepe | Small roll crepe

kg big roll crepe paper/

Month paper (kg) paper (kg) kg small roll crepe paper
Jan-09 8,457 7,613 1.111
Feb-09 4,336 BT 11 I 1.091
Mar-09 10,106 8 N 1 9/038 4 1.118
Apr-09 9,647 NN Bl 1.132
May-09 S LS 7,400 1.104
Jun-09 el R 1.074
Jul-09 , 1.094
Aug-09 5,48 1.116
Sep-09 1.126
Oct-09 1.130
Nov-09 1.156
Dec-09 1.152
Jan-10 © 1120
Feb-10 1.149
Mar-10 1.119
Apr-10 1.121
May-10 1.160
Total 1.128

ﬂ‘UEJ’JVIEJVﬁWEJ’]ﬂ‘i
QW']@Nﬂ‘ml UAIINYA Y



Sy,

Table B-37 R@or pﬂduc@wm sleeve
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Month Small roll crepe | Tape Latexe ' f' geve kg sm pe paper/ kg tape/ kg latex gum/
paper (kg) (kg) (kg (Kg). eeve one kg sleeve one kg sleeve

Jan-09 551.2 50.9 15 #F A FIP ‘ " 18 0.094 0.027
Feb-09 672.2 49.9 'y ;El 0.081 0.026
Mar-09 689.1 64 s.off 4 oA g 0.096 0.038
Apr-09 166.4 21.4 F £ Feoo o 0.143 0.033
May-09 321.6 237 8 4F 4 2565 AN 0.089 0.030
Jun-09 282.8 373 7 "’ jr 3056178 0.122 0.025
Jul-09 364.1 25.6 ) 0.077 0.038
Aug-09 710.8 57.7 0.073 0.014
Sep-09 225.2 19.1 0.071 0.022
Oct-09 285.3 20.9 0.070 0.030
Nov-09 297.6 34.2 0.105 0.029
Dec-09 402.2 30.3 0.081 0.029
Jan-10 159.9 12.2 0.068 0.020
Feb-10 197.9 16.7 0.076 0.023
Mar-10 430.5 38 0.079 0.022
Apr-10 531.5 42.3 0.076 0.026
May-10 - - - -

Total 6288.3 544.2 1696 | 63884 0.984 0.085 0.027

ﬂ‘iJEJ’WlEJ‘V]‘iWEJ’]ﬂﬁ
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Table B-38 R@or pdduc@wm sleeve

Small roll crepe | Tape Lat e | k paper/ kg tape/ kg latex gum/
Month . N
paper (kg) (kg) (ke . kg sleeve one kg sleeve one kg sleeve

Jan-09 244.5 22.6 i N 0.091 0.029
Feb-09 - - = - - -
Mar-09 295.9 21.7 .0 484 WL 0.081 0.030
Apr-09 49.3 18.1 9.2 0 0.368 0.041
May-09 - - - S E - -
Jun-09 45.3 5.0 49 54,7 ] 91 0.101 0.030
Jul-09 73.4 12.0 .0 3795 ' 0.151 0.050
Aug-09 170.7 16.2 7. £ TR 8 0.082 0.038
Sep-09 18.4 1.6 0. .Zﬂ:é:-‘ 3 0.89 0.078 0.024
Oct-09 18.4 1.0 0.3 § 1_@ o 1.340 0.073 0.022
Nov-09 244.5 20.9 6.5 = 7 0.995 0.085 0.026
Dec-09 73.3 7.0 35 .4 ;;Za;gt";,ﬂ:'.-_.'-;;.ﬂ"ﬁ ~.0.900 0.086 0.043
Jan-10 60.0 4.9 Lh 2.0 67.5 - \ 0.073 0.030
Feb-10 - - - -
Mar-10 - - i ' ; - -
Apr-10 20.1 1.6 0 646 0.051 0.032
May-10 - - - - - - -
Total 1313.8 132.6 1352.4 0.971 0.098 0.033

ﬂummm'swmm
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Table B-39 Raw material for produce one kg of 28WT5 sleeve

Month Brown paper | White paper | Latexgum Sleeve kg brown paper/ | kg white paper/ | kg Latex gum/
(kg) (kg) (ka) (ko) kg sleeve kg sleeve kg sleeve
Mar-09 282.8 241.0 5840 402.1 0.703 0.599 0.144
May-09 188.5 84.5 34.0 116:2! 1.623 0.727 0.293
Jun-09 412.4 258.2 69.0 665.6° 4 0.620 0.388 0.104
Jul-09 674.8 888.6 17640 1,440.0°, 0.469 0.617 0.122
Aug-09 308.5 220.0 65.0 -4 S 1964 0.532 0.380 0.112
Sep-09 89.5 69.5 19.5 116.7 ? 0.767 0.595 0.167
Mar-10 832.5 553.0 835 _1',062.3+_1! R L 0.521 0.083
Apr-10 401.0 296.0 47.0 B322 A 0.615 0.454 0.072
Total 3,190.0 2,610.8 5570 415:034.8% -r’.-'_,! 0.634 0.519 0.111
3 2220
Table B-40 Raw materialfor produﬁhe kg of 14WT5 sleeve
Month Brown paper | White paper.| Latex gum | Sleeve ’I‘<gﬂ'lbrown papet/. | kg white paper/ | kg Latex gum/
(kg) (kg) (kg) (kg) kg-sleeves < kg sleeve kg sleeve
Mar-09 55.6 46.4 12.0 13.3 — Ad 3.480 0.900
Jul-09 17.5 22.0 2.0 6.7 2.625 3.300 0.300
Mar-10 22.0 15.0 8.0 354 0.622 | 0.424 0.226
Apr-10 19.0 20.0 3.0 34.1 0.557 0.586 0.088
Total 1141 103.4 25.0 89.5 1.275 1.155 0.279
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Table B-41 Material used per.one kg small roll crepe paper
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Per one kg big roll paper . Per one kg small roll crepe paper
- kgebigroll crepe paper/ -
Brown paper | White paper Paste Lgsfall roll crepe paper Brown paper White paper Paste
(kg) (kg) (kg) \ (kg) (kg) (kg)
1) ) ©) (4y = (5) (6) ()
0.616 0.369 0.058 14128 4 & 0.694 0.416 0.065
Remark:  (5)=(1)*@),  ©)=@*@ L Di@*@ |
4
Table B=42 Material usedper one kg sleeve
c :;?)? ng:)'; ; Tape Z?Jtrix i;%vé/: \F/)\;?;ﬁ :—-_f'JEFaste Water | Tapioca h)s/g(:(l)l:(ge Pure latex
FL type K (kg)., ki flour (k um (k
Pl | ke | ol kg S (10 W g | 09
(8) (9) (10) (11) {12) (13) (14) (15) (16) (17)
36WT8 0.984 0.085 | 0.027 0.684 40410 6.44E-02 | 6.97E-02 | 9.33E-03 2.43E-04 2.12E-02
18WTS8 0.971 0.098 | 0.033 | 0.675 0.404 6.35E-02 | 7.01E-02 | 9.21E-03 2.40E-04 2.61E-02
28WT5 - - 0.111 *|=-0:634 0.518 2.21E-02 - - 8.85E-02
14WT5 - - 0.279 S #£11.275 1.155 - 5.59E-02- - - 2.23E-01
Remark: (11) for T8 = (5) * (8), (12) far T8 = (6) * (8), (13) = (7) * (8),

(14) = [(10) * 1/5] + [(13) * 1]; Water'in.datex gum has 1/5 part and one kg of paste uses one kg of water,
(15) = (13) * 0.145; one kg of‘paste uses'0.145 kg of tapioca‘flour;
(16) = (13) * 3.77E-03; one kg of paste uses 3.77E-03 kg of sodium hydroxide

(17) = (10) * 4/ 5; Pure latex gum contain in latex gum 4/5 part



i‘f

FL type 14WT5
Piece of sleeve/kg sleeve 90
Tae M é§ 1:\

Brown paper | White paper ap : Sodium Pure latex
FL type (kg) (ko) 4 j % ‘ hydroxide (kg) | gum (k)
36WT8 | 1.59E-02 9.53E-08" |4 g’ { y'g -03 \\‘\.ﬁm 5.65E-06 4.94E-04
18WT8 | 8.13E-03 4.87E-03 4" 148E03 | - 8.44] g.\\\‘q_‘\ 4 2.89E-06 3.14E-04
28WT5 |  1.15E-02 9.43E-0 F 4 am WAL - 1.61E-03
14WT5 1.42E-02 2.48E-03

128E-02 || | “--- 21E -i\‘}‘
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B.4.3 Electricity

138

Machine used for sleeve production has corrugating machine, slitting machine,

paste mixing, sleeve machine and auto sleeve machine. The details of power machine,

working hour and the amount of product in.each machine are shown in Table B-45.

Electricity used for produce one piece sleeve 0f FL calculated and displayed in Table

B-46. For lighting system in sleeve production.has the calculation in Table B-47.

Table.B=45 Electricity used.in machine

-

. Power | [Working | “Product Electricity
Machine | BlatPeal dowy’ | | (houn) (kg) " | (kWhkg product)
Corrugating T8 ¢iE 342501 132,633 4.24E-02
Slitting T8 7283 | 43276 135,308 5.40E-02
Paste mixing T8 0p73==2,511 20,854 4.49E-02
Sleeve 36WiTe JI' £567 /| 1504 6,388.4 0.124
machine 18WTg" | J1.567 4205 1,352.4 0.261
Auto sleeve 28WT5 1.567 540 5,034.8 0.168
machine 14\WT5 8 4.567 —af 89.5 0.945
] i F

Remark: Total data in 17 months

o

cis dd
Lol
il )

Table B-46 Electricity used for ﬁr__odluce one piece of sleeve

Electricity/kg sleeve (kWh) /Total Total
e — — ———— Electricity | Electricity/
Corrugating | Slitting | Paste Sleeve : .
FL type machine machine | mixing | machine figSleeve | piece sleeve
' " (kwh) (KWh)
@) ) (3) (4) (5) (6)
36WTS8 0.047 0.0563 |2.89E-3| 0.124 0.227 5.27E-03
18WT8 0.046 0:052 ; [+2:85E=3 |, ;0.261 0,362 4.37E-03
28WT5S - - - 0.168 0.168 3.06E-03
14WT5 - - - 0.945 0.945 1.05E-02
Remark: (1) For-36WAE8 uses;l.31 kg.of.corrugating, product,

So that'electricity =@.1% *4.24E-02 = 0.047 kWh/kg sleeve
(1) For 18WT8 uses 1.095 kg of corrugating product,
So that electricity = 1.095 * 4.24E-02 = 0.046 kWh/kg sleeve
(2) For 36WT8 used 0.984 kg of slitting product,
Thus, electricity = 0.984 * 5.40E-02 = 0.053 kWh/kg sleeve
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(2) For 18WT8 used 0.971 kg of slitting product,
Thus, electricity = 0.971 * 5.40E-02 = 0.052 kWh/kg sleeve

(3) For 36WT8 used 0.064 kg of paste, electricity = 0.064 * 4.49E-02
= 2.89E-03 kWh/kg sleeve

(3) For 18WT8 used 0.063 kg of paste, electricity = 0.063 * 4.49E-02
= 2.85E-03 kWh/kg sleeve

(5) = (1)) 1 (3) + (4)

(6) = (5) I piece.oF sIeeverer one kg or the data in Table B-43

For lighting.system.ef sleeve production, the calculated data of electricity used

per one piece sleeve produged is shown in Table B-47.

JableB-47 Elécticity for sleeve production

Power 4 Weorking | [Sleeve, | Electricity/kg | Electricity/piece

FL type | (kW) (haur) (ka) | sleeve (kWh) sleeve (kWh)
(¥ (2) (3)_f-__, J (4) (5)
36WT8 | 0.36 504 6,388.4 2.84E-02 6.60E-04
18WT8 | 0.36 225 041 1,352.4%{  5.99E-02 7.22E-04
28WT5 | 0.36 5AQ 7| .5,034.8 17 iy 3.86E-02 7.02E-04
14WT5 | 0.36 54 89.5 " 2.17E-01 2.41E-03
Remark: (@) =(1)* )7 (3), g

(5) =(4) / piece of sleeve pei-one Kg-oi the data-in‘Table B-43
B.5 Phosphor mixing
B.5.1 Phosphorseolution

Phosphor solutiofiis the chemical compound that comprises phosphor powder,
alone-C solution, “surface solution’’; deionized water and lacquer. Phosphor powders
of T8 and T 5 are of different types;/halo phosphorjanditri phosphor; respestively.

Tables B-48 to B-51 present ‘the amounts of.chemical-compounds and glass
bulb used for the preparation of phosphor solution for 36WT8, 18WT8, 28WT5 and
14WTS5, respectively, whereas Tables B-52 to B-55 present the amount of chemical
compounds used per one FL of 36WT8, 18WT8, 28WT5 and 14WT5 respectively.

Table B-56 summarizes the amounts of chemical compound used per one FL.
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One liter of alone-C solution contains 0.97 liter of deionized water, 0.13 kg of
aluminum oxide or alone-C powder and other small ingredients. One liter of “surface
solution” contains 0.9 liter of deionized water and other small ingredient. From these

data, the amounts of phosphor powd luminum oxide, lacquer and deionized water

used per one FL are summariz
B.5.2 Electricit

Phosphor mixing. re se of electricity during the mixing of chemical

compounds, including ‘s :rﬁ//. i’im, q\\-. and lacquer mixing.
This mixing is carried g ‘/i// W mi; n_f’}“ and the details of electricity from
the mixing of each Solutic 5 shown in Table B-58, and the amount of electricity

208 AN\ AR

used for mixing phosphor solution of €z n in Table B-59.
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Table B-48 Chemical ca&

w////

A

the#epé@/m phosphor solution

Month | Phosphor powder | Alone atiol "ﬁi ater | Lacquer | Glass bulb coating
(kg) (th J; (Liter) (bulb)
Jan-09 572.3 79.7 645.6 115,668
Feb-09 404.2 ”ﬂ’ﬁ .l‘“m 673.2 97,887
Mar-09 119.5 1.3 £ F 2608 BN\ 6% 198.2 15,680
Apr-09 96.6 & £ j[@“m 198.2 12,329
May-09 80.8 L § Fo 00574 4\ 98¢ 176.7 29,353
Jun-09 545.5 j F N -‘ﬁ‘ 670.6 100,939
Jul-09 469.7 7 ‘m“ 628.6 104,837
Aug-09 149.9 37 ‘ ' T e 246.6 70,871
Sep-09 74.9 m 134.2 33,187
Oct-09 31.0 6.4 SEeaD3L S y 40.4 4,652
Nov-09 148.4 337 —— 214.6 186.9 41,312
Dec-09 238.0 50.8 4o -2.38 /HERSIS208. 279.5 73,920
Jan-10 30.8 L_}} 6.3 031 ] 330 14,024
Feb-10 724 7 116.3 25,557
Mar-10 156.5 W 271.3 38,827
Apr-10 131.2 E 8 2 257.4 44,516
May-10 292.9 +58.8 2.87 403.1 533.4 69,581
Total 3,6145 906 .. 424 4,134 5290 893,140
U

AN TUANINGAE
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Table B-49 Che@nd for mi@sphor solution

Month Phosphor powder | Alone ac K i r Lacquer Glass bulb coating
(kg) (Lite NN D (Liter) (bulb)
Jan-09 104.8 . 5 R\ N 137.59 30,458
Feb-09 - - 5 - -
Mar-09 134.4 .0 Ve 223.98 60,493
Apr-09 64.4 1 o 63 169.49 12,730
May-09 - - [ - I - -
Jun-09 117.8 31. 1.-!8-: 84.63 250.15 43,111
Jul-09 125.2 29.68 o =BT~ . 227.02 62,634
Aug-09 26.5 6.6 & 38.29 58.40 7,116
Sep-09 130.0 28, SN 142,61 212.62 58,858
Oct-09 58.0 12.06 rednd 2 76. 63.05 24,149
Nov-09 159.1 36.14 — - 201.78 163.52 77,636
Dec-09 208.1 44.38 11208 </ 75 220.41 81,413
Jan-10 51.6 L'}jo.ss 052 66.29 15,428
Feb-10 35.3 p = 60.35 40,704
Mar-10 49.1 0 97.45 15,900
Apr-10 - ; _ - -
May-10 111.8 22.46 1.09 165.29 235.68 59,984
Total 1,376 316 o 15.0 1,685 2,186 590,614

ﬂummm'swmm
ama\mmwnwmaﬂ
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Table B-50 Chemical compound for mix 28\ALTS phosphor solution

Month Phosphor powder | Alone C.selution . Surface Deionized water Lacquer Glass bulb coating
(kg) (Liter) (Liter) (Liter) (Liter) (bulb)
Jan-09 169.7 55.9 pj64 | 188.6 301.6 9,069
Feb-09 142.4 4445 294 174.2 186.7 13,962
Mar-09 60.6 18.7 1146 i 104.2 122.2 11,561
Apr-09 40.6 1219 0.71 61.4 102.7 6,019
May-09 78.2 23.6 -l @74 106.8 135.8 25,357
Jun-09 125.7 3848 T 1.83 189.4 264.1 46,733
Jul-09 281.6 86.5 3AT 382.0 378.0 64,679
Aug-09 250.6 78.3 R 343.4 448.4 56,614
Sep-09 70.5 215 870 ¥ /N 1004 108.4 16,082
Jan-10 119.7 24.6 P /1) eeaidy 918 87.8 17,383
Mar-10 156.5 31.9 e ~ 1933 271.3 38,827
Apr-10 115.8 35.4 A ¥fa=a4=103.5 97.5 27,446
May-10 78.3 "424.0 1.57 75.0 74.0 7,008
Total 1,690 = =707 25.6 2,114 - 2,578 340,740
Table B-51 Chemical compound for mix T4WT5 phosphor solution
Month Phosphor powder | Alone C solution Surface Deionized water Lacquer Glass bulb coating
(kg) (Liter) (Liter) (Liter) (Liter) (bulb)
Jan-10 33.1 6.8 0.364 31.9 29.9 3,330
Mar-10 49.1 10.0 0.491 709 97.5 15,900
Total 82.2 16.8 0:855 102.8 127.3 19,230
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Table B-52 Chemical compound used per.one 36WT8 FL

Month Phosphor powder . jwAlone C solution Sur_’face Deioniz_ed water Lac_quer
(kg) (Laiter) (Liter) (Liter) (Liter)
Jan-09 4.95E-03 #1.49F408 ".I 5.38E-05 5.01E-03 5.58E-03
Feb-09 4.13E-03 4 g A3k} 4| 8.36E-05 5.85E-03 6.88E-03
Mar-09 7.62E-03 4 LTAE-@3 “i -3 #166E-04 1.03E-02 1.26E-02
Apr-09 7.84E-03 F 4 1.84E-03; 1, 9.24E-05 9.48E-03 1.61E-02
May-09 2.75E-03 #39E-04 | 2.57E-05 3.36E-03 6.02E-03
Jun-09 5.40E-03 1.46E-03.+ . 5.41E-05 5.08E-03 6.64E-03
Jul-09 4.48E-03 1.06;!_5_-0;{ .4,38E-05 4.16E-03 6.00E-03
Aug-09 2.12E-03 J 5.30E-04, .;.Zi.l’o"E-OS 2.29E-03 3.48E-03
Sep-09 2.26E-03 4.93E-04 ,-'i:'ZJQE-OS 2.63E-03 4.04E-03
Oct-09 6.66E-03 F1.39E08 6.58E-05 1.08E-02 8.69E-03
Nov-09 3.59E-03 8.16E=04 -3.83E-05 5.19E-03 4.52E-03
Dec-09 3.22E-03 6.87E-04 -3.:22E-05 2.81E-03 3.78E-03
Jan-10 2.20E-03 4.48E-04 2.20E-05 8.34E-03 2.35E-03
Feb-10 2.83E-03 | St 5:78E-04—t2.03E-05- - "347E-03 4.55E-03
Mar-10 4.03E-03 “ 8.22E-04 4.03E-05 4:98E-03 6.99E-03
Apr-10 2.95E-03 6.01E-04 3.07E-05 4.54E-03 5.78E-03
May-10 4.21E-03 8.45E-04 4.12E-05 “75.79E-03 7.67E-03
Total 4.05E-03 1.01E-03 4.74E-05 4.63E-03 5.92E-03




Table B-ssﬁm

.,

ound u@wm FL

Month Phosphor powder tion . ionized water Lacquer
(ko) /] "ﬂ(L (Liter) (Liter)

Jan-09 3.44E-03 E- 3.56E-03 4.52E-03
Feb-09 - - L - -

Mar-09 2.22E-03 g4 -05 | 3.10E-03 3.70E-03
Apr-09 5.06E-03 35 R 4 L 7.66E-03 1.33E-02
May-09 - b (=] - -

Jun-09 2.73E-03 30E-04.%,7 %) 2.74E%05 4.28E-03 5.80E-03
Jul-09 2.00E-03 AJAE-04 - — | 2.19E- 2.39E-03 3.62E-03
Aug-09 3.72E-03 g - -0 5.38E-03 8.21E-03
Sep-09 2.21E-03 .82E404" | E-05 2.42E-03 3.61E-03
Oct-09 2.40E-03 4, gqg_ﬁgf Tk ' 05 3.18E-03 2.61E-03
Nov-09 2.05E-03 466E04 | -0 2.60E-03 2.11E-03
Dec-09 2.56E-03 5A5E04 " - 8 1.64E-03 2.71E-03
Jan-10 3.35E-03 6.83E-04 m 5.51E-03 4.30E-03
Feb-10 8.66E-04 = = 05E-03 1.48E-03
Mar-10 3.09E-03 “« 6E-03 6.13E-03
Apr-10 - . - -

May-10 1.86E-03 3.74E-04 1.83E-05 “2.76E-03 3.93E-03
Total 2.33E-03 . 5.35E-04 2.54E-05 2.85E-03 3.70E-03

ﬂ‘iJEJ'WlEJ‘V]‘ﬁ'WE
’QW?ﬂ\ﬁﬂimmﬂﬂﬂmaﬂ

Alik)
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Table B-54 Chemical compound used per.one 28WT5 FL

Month Phosphor powder . jwAlone C solution Sur_’face Deioniz_ed water Lac_quer
(kg) (Laiter) (Liter) (Liter) (Liter)
Jan-09 1.87E-02 6.16E408 \| \291E-0% 2.08E-02 3.33E-02
Feb-09 1.02E-02 3.18E-03 *|  2.10E-04 1.25E-02 1.34E-02
Mar-09 5.24E-03 L62E-03 1 +1.26E-04 9.01E-03 1.06E-02
Apr-09 6.74E-03 2.J55803 , 1.1IYE-04 1.02E-02 1.71E-02
May-09 3.08E-03 929E-04 | 6.85E-05 4.21E-03 5.36E-03
Jun-09 2.69E-03 8.30E-04-+ B 3.93E805 4.05E-03 5.65E-03
Jul-09 4.35E-03 1,84E-03 4 4.90E-05 5.91E-03 5.84E-03
Aug-09 4.43E-03 1.38E-03 ¥ 6l.1§E-05 6.07E-03 7.92E-03
Sep-09 4.38E-03 1.34E-03 dc‘3§E-05 6.25E-03 6.74E-03
Jan-10 6.89E-03 1.42€-03 8.15E,05 5.28E-03 5.05E-03
Mar-10 4.03E-03 8.22E=04 “4.03E-05 4.98E-03 6.99E-03
Apr-10 4.22E-03 129605 -8.43E-05 3.77E-03 3.55E-03
May-10 1.12E-02 3.42E-03 2.23E-04 1.07E-02 1.06E-02
Total 4.94E-03 T =tk A5 E-08—ter 0Bt *61 8E -03 7.54E-03
Table B-55 Chemical compound used per one 14WT5 FL
Month Phosphor powder | _Alone C solution Surface Deionized water Lacquer
(kg) (Liter) (Liter) (Liter) (Liter)
Jan-10 9.94E-03 2.03E-03 1.09E-04 9.57E-03 8.97E-03
Mar-10 3.09E-03 6.30E-04 3.09E-05 4.46E-03 6.13E-03
Total 4.28E-03 8.72E-04 4.45E-05 5.34E-03 6.62E-03
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Table | con ou

eFL

Phosphor powder - Deionized water Lacquer

FL type (kg) (Liter) (Liter)

1) (4) ()
36WTS8 4.05E-03 4.63E-03 5.92E-03
18WTS8 2.33E-03 - 2.85E-03 3.70E-03
28WT5 4.94E-03 6.18E-03 7.54E-03
14WT5 4.28E-03 5.34E-03 6.62E-03

Table B=5 g}&i\: e FL

FL type Phosphor powder (kg) | Alul MW ) | Deionized water (kg) Lacquer (kg)

(6) 22 W\ D ©)
36WT8 4.05E-03 JESUEDS . 4 5.65E-03 5.92E-03
18WT8 2.33E-03 ' "“?--‘:‘ 3.39E-03 3.70E-03
28WT5 4.94E-03 7.65E-03 7.54E-03
14WT5 4.28E-03 "\ | 3E-0 6.62E-03

Remark:  (7)=(2)*0.13,  (8)=[(2) %0:9 X )

Density of deionized water and IaCtEr =

ﬂ‘lJEJ’J'VIEJﬂiWEJ’]ﬂ‘i
QW']ﬁNﬂiEU UANINYA Y
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Table B-58 Data for calculate the electricity from the mixing

Machine Power | Mixing Volume of Electricity used
(kW) (hour) solution (Liter) (kWh/L)
Surface mixing 0.75 2 20 7.50E-02
Alone C mixing 0.75 77.5 2.32E-01
Lacquer mixing 0.75 95 1.58E-02
Table B-59 El for mixi solution of each FL
. ctri h)
FL type -

P ; : i f Total
36WT8 3 56E - 2.36E 05 3.33E-04
18WT8 .9 " 1.24E- 1.85E-04
28WT5 04 4.62E-04
14WT5 .34E- 03E=04 3.10E-04

s

)
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APPENDIX C
CARBON FOOTPRINT CALCULATION

C.1 Glass manufacture

GHG emission through life cycle (Cradlesto gate) of one kg glass production
including raw material acquisition, producuon, «transportation of raw material,
transportation of solid. waste, waste management and. packaging are calculated and
displayed in Table C-dsto C-6, respectively.

Table'C-1 . &HG'emission from raw material'acquisition

1
of one kg glass production

’ ' =Amount S, CO; emission

NO. | Raw materials /| Unit + oftised | (kgCOehunit) (kgCOsze)

1 | Silica sand kg | 0.6068 0.0211 1.28E-02

2 | Cullet kg +|.- 05021 0 0

3 | Sodaash kg 02398 + 1.19 2.80E-01

4 | Dolomite kg 0.1507 0.0265 3.99E-03

5 | Feldspar Ko—r—O-feea. 0037 4.19E-04

6 | Minor ingredients | - kg 0.0434 - - 2.48E-02

Total CO;emission (kgCOze) 0.322

Table C-2 GH:G_ emission from production process of oné’k’gﬁ glass production

| S . Amount E.Rit CO; emission
NO. | Raw materials | Unit of used | (kgCOze/unit) (kgCOsze)
1 | Electricity kKWh | 0.4278 0.561 2.40E-01
2 pWater supply m> || 4.35E204 0.0264 1.15E-05
g phatural gas M) | 3133 0.0099 3.10E-01
(Production)
Natural gas
4 | y . :
(Cotmblstion) MJ BY 3 0:0712 2.23
5 | Chemical reaction - - - 0.175
Total CO, emission (kgCO2e) 2.956




Table C-3 GHG emission from transportation of raw material

of one kg glass production

CO; emission Total CO,
. Amount .
NO. List (ka) Full load No load emission
7 2€) (kgCO2e) (kgCO2e)
1 Silica Sand 1.41E-02 3.43E-02
2 Cullet 1. JA7E-02 2.84E-02
3 | Sodaash , 3 %782 '48E-03 1.33E-02
4 Dolomi - -51E-03 8.52E-03
5 Felds 3 . 03 6.40E-03
g | Minor 4 3 | 2.45E-03
ingredients 2,4
t issi co 9.34E-02
] i _L:; -'._
Remark: Vehicle e -whe _f_“ railekl S, tons and distance of
transport equal 700 k ¢é¥ &)
*'!'1;]:'11‘ 'll'.
Table C-4 GHG, - sportation of waste of
s ‘F’E:_"_.‘e"" .
ne- tion
= "'-"‘;‘_5’-‘ /. ission Total CO,
NO. i emission
' (kgCO2e)
1 | Soli t 8.74E-06
.:,lj' otal CO; emission (kgCOxe) iu 8.74E-06

Remar

RIS TWE 7y =
amaqmm UA1INYNAY
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Table C-5 GHG emission from waste management of one kg glass production

E.F. cO.
NO. Raw materials | Unit | Amount (kgCOLe/unit) emission
(kgCO2e)
1 | Wastewater Liter | 2.65E-03 0.0012 3.18E-06
2 | Other solid waste kg % |1 1.43E-03 2.32 3.33E-03
3 | Rags and gloves kg | '2.11E-04 2.00 4.23E-04
4 | Garbage kg | 8.26E<04 2.53 2.09E-03
5 | Lumber kg |+2.07E-04 33 6.88E-04
Totalk€O; emission (kgCO2e) 6.53E-03

Table C-6 GHG emission from packaging of one kg glass production

L]

NO. | Raw materials | Unit Amount

E.F. CO, emission
(kgCOe/unit) (kgCO2e)

g | Corugaed® 18 8| o.0600 0.826 5.72E-02
paper packaging L 4
Tatal CO, emission.(kgCOze) 5.72E-02

C.2 Fluorescent lamp production ;

" |

C.2.1 Gate to Gate: ‘GHG emission caleulation from FL production process is

displayed as following: .~ dof A
- One 36WT8 FL pfo&l;ction in Table C-7.
- One 18WT8 FL productionin Tabie C-8.
- One 28W;5 FL production in Table C-9.
- One 14\WT5 FL production in Table C-10.

Table C-7 GHG emission from production, process of one 36WT8 FL

.| JAmount E.F. €O, emission
NO. inputs unit of used | (kgCOye/unit) (kgCO2e)
g, | Flectrieityin KWh | 9.12E-02. 0,561 0.051
macliine
Electricity in
20 | KWh | "1.42E-02 0.561 0.008
lighting system
3 | Water supply m> | 3.19E-03 0.0264 8.41E-05
4 | Deionized water kg | 5.65E-03 5.98E-04 3.38E-06
5 | LPG (combustion) | kg | 5.76E-02 3.389 0.195
Total CO, emission (kgCO-e) 0.254
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Table C-8 GHG emission from production process of one 18WT8 FL

.. | Amount E.F. CO; emission
NO. Inputs Unit| ¢ used | (kgCOelunit) | (kgCOse)
g | Electricityin KWh | 7.63E-02 0.561 0.043
machine
Electricity in
2 L kWh | 1.40E.02 0.561 0.008
lighting system
3 | Water supply m° | 2.35E-03 0.0264 6.22E-05
4 | Deionized water Kg | 3.89E-03 5.98E-04 2.03E-06
LPG
5 (combustion) kg | 496E-02 3.389 0.168
Total €O, .emission (kgCOze) 0.219
|

Table C-9.GHG emission from p:_rog_uction process of one 28WT5 FL

.. | Amount == CO, emission
NO. | — .
© e AU S lised | (kgCOoefunit) | (kgCO%e)
| Electricity in wh | 2.99E-01 0.561 0.168
machine : -
Electricity in
2 L KWh 1.36E-92 0.561 0.008
lighting system . {- ¥R
3 | Water supply m 1.98E:03" . 0.0264 5.23E-05
4 | Deionized water 1 kg 7.65E=03 " 5.98E-04 4.58E-06
LPG . |
5 . g1 T AGESRISE==_3.389 0.495
(combustion) & 1 .
- Total CO, emission (kgCO,e) 0.671

Table C-10.GHG emission from production process-of one 14WT5 FL

.. | Amount E.FS CO;, emission
NO. Inputs unit of used | (kgCOye/unit) (kgCO2e)
1 EETP kwih || (4/93E=01 0.561 0.277
machine
Electricity in
2 | . kWh | 1.53E-02 0.561 0.009
lighting system
3¢ " Water supply m° | | (2.07E:03 0:0264 36205
4 | Deionized water ks | ¢6,23E-03 5.98E-04 3 12E-06
LPG
5 (combustion) kg | 1.46E-01 3.389 0.495
Total CO; emission (kgCOze) 0.780
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C.2.2 Cradle to grave

GHG emission calculation through life cycle of each FL production including
raw material acquisition, transportation of raw material, production process,
distribution/ retail, usage stage, recycle option and disposal option are displayed as
following:

- One 36WT8 FL production in Table C-11to C-18, respectively.

- One 18WT8 Fizproduction in Table €19 10.€-26, respectively.

- One 28WT5 FL produetion in :r;able C-27.to C-34, respectively.

- One 14WT5 FL_production in Table C-35 to C-42, respectively.

Table C-L#GHG emission frém raw material acquisition stage
of ong 36WT8 FL production

. —Amount E.F CO, emission
NO. el PNt ofused | (kgCOse/unit) | (kgCOse)
1 | Glass tube kg 0.2038 3.4352 0.70
2 | Mercury kg | 1.00E-05 118 1.18E-03
3 | Aluminum “kg | 2.13E-03" i\ W 0.03
4 | Copper kg1 1.30E403 347 4,50E-03
5 | Argon gas —Kkg. | 4.69E-0F| 0.285 1.34E-07
6 | Krypton gas WK%g-"| 1.76E-05-} 107 1.88E-03
7 | Phosphor powder | kg | 4.05E-08 1.51 6.11E-03
8 | Other ingredients + kg | 3.27E-05 | - 152 4.98E-05
9 | Aluminum oxide kg 1.31E-04 e | 1.61E-04
10 | Lacquer e e e I 0.04
11 | Brown.paper kg | 1.59E-02 0735+ 1.17E-02
12 | White paper kg | 9.53E-03 0.735 7.00E-03
13 | Tapioca flour kg | 2.17E-04 0.541 1.17E-04
14 (Slgggg‘) hydroxide | o | 5 65E.06 1.2 6.78E-06
15 [}, Tape Kg ||T1/98E-03 319 6.32E-03
16 | | Latex gum kg || 4.94E-04 2.64 1.30E-03
17 |iTungsten kg | 4.39E-05 21.2 9.30E-04
18 | Nickel kge| 9.81E-05 24.3 2.38E-03
19 /*Copper kg | |01 73E:04 847 6:026:04
20 | Pasycte ttldttﬁ) Kgo [CMI7E-02 | 34352 £04E-02
21 EE%O"C resin kg | 3.65E-04 3.78 1.38E-03
22 | Mineral fillers kg | 2.73E-03 0.387 1.05E-03
23 | Methanol kg | 2.45E-04 0.739 1.81E-04
24 | LPG (Production) | kg | 5.76E-02 0.27 1.56E-02
Total CO, emission (kgCO»e) 0.869
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Table C-12 GHG emission from transportation of raw material

of one 36WT8 FL production

CO, emission Total CO,

NO. List Ar(nkm;nt Full load No load emission
D1 1| (kgCOm0) | (kgCOe) | (KaCOs)

1 tca't‘;fz Saaetﬁazl;'tbt’u%:)m 0.2156 /| /108E-03 | 7.91E-04 | 1.87E-03
2 | Mercury 1.00E-05 " |-8.33E-07 | 2.33E-07 | 5.66E-07
3 | Aluminum 2.13E-03 | 7.08E-05 | 4.96E-05 | 1.20E-04
4 | Copper 1.30E-03 | 4.32E-05 | 8.03E-05 | 7.34E-05
5 | Argon gas 4 69E-07" | 1.56E-08+, 1.09E-08 2.65E-08
6 | Krypton gas 1.76E:05 | 5.85E-07 | 4.10E-07 | 9.94E-07
7 | Phosphor.powder 4.05E-03. | 1.35E-04 | 9.43E-05 | 2.29E-04
8 | Other ingredients 3.27E-05 | 1.09E-06 | 7.63E-07 1.85E-06
9 | Aluminumioxide 131E-04 | 4.35E-06 | 3.05E-06 | 7.40E-06
10 | Lacquer "592E-08 | 1.97E-04 | 1.38E-04 | 3.35E-04
11 |LPG 576E-02 | 1.92E-08 | 1.34E-03 | 3.26E-03
12 | Brown paper ‘1.50E-02 | 5.29E-04 | 3.71E-04 | 8.99E-04
13 | White paper | 953E-03.(.3.17E-04 | 2.22E-04 | 5.39E-04
14 | Tapioca flour 2.17E-04 | 7.21E-06 | 5.06E-06 | 1.23E-05
15 | Sodium hydroxide 5.65E-06 | 1.88E-07 | 1.32E-07 | 3.20E-07
16 | Tape '1.98E-03 | 6.59E-05 | 4.62E-05 | 1.12E-04
17 | Latex gum 4.94E-04 | 1.64E-05 |W145E-05 | 2.79E-05
18 | Tungsten- 4:39E=05""{"1746E=06"{=1:07E-06 | 2.48E-06
19 | Nickel = 9.81E-05 | 3.26E-06 | 2.29E-06 | 5.55E-06
20 | Copper | 1.73E-04 | 5.77E-06 | 4.04E-06 | 9.81E-06
21 | Phenolic resin blend 3.65E-04 | 1.21E-05 | 8.50E-06 | 2.06E-05
22 | Mineral fillers 2.73E-03"4' 9.06E-05 | 6.35E-05 | 1.54E-04
23 | Methanal 2.45E-04 || 8.14E-06 | 5./70E-06 | 1.38E-05
24 | Qthers component 7.80E-04 | 2.59E-05 | 1.82E-05 4.41E-05
Total CO, emission (kgCO.e) 7.74E-03

Remark: For transpartation of glass uses 78.5 km distance, 6-wheel trucks, 11 tons
vehicle type. For other raw material uses 22-wheel semi-trailer trucks, 32 tons and

distance of transport equal 700 km.
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Table C-13 GHG emission from production process
of one 36WT8 FL production

.. | Amount E.F. CO; emission
NO. Inputs Unit (kgCOse/unit) | (kgCOse)
1 | Electricity kWh, | 11:05E: 0.561 5.91E-02
2 | LPG (combustion) | kg | 5 | 3.389 1.95E-01
3 |Watersupply .| m® | 8.19F-03.4" _0.0264 8.41E-05
4 | Deionized waier. | K o3~ 3.38E-06
) e ' 0.254

AULININTNEYINS
AR TN TN



Table C-14 GHG emission from distribution/retail.of one 36WT8 FL

Number |'Distances Weight | GHG emission (kgCOze) | GHG emission (kgCOze/lamp)
Month Vehicle type of lamp | _(km) (kg) Full load_ | No load Full load No load
) (2) @ 14 4 (5) (6) )
10-wheel, 16 tons 20,080 68.47 4,030 ) . 585 4.64 6.50E-04 5.15E-04
tan-09 4-wheel, 7 tons 2,080 29.60 417 )d' 2.36 0.62 1.14E-03 2.96E-04
10-wheel, 16 tons | 172,895 76.37 34,761 453103 42.05 7.30E-04 5.79E-04
Feb-09 4-wheel, 7 tons 1,235 35.07 248 .~ |44 166 0.43 1.35E-03 3.51E-04
Mar-09 | 10-wheel, 16tons | 121,464 | 14573 |~ 24379 | = 39.97 31.69 1.10E-03 8.71E-04
Apr-09 | 10-wheel, 16 tons 22,520 11508 | 44520 | ki 38 5.85 1.10E-03 8.71E-04
10-wheel, 16 tons | 41,849 | 6847 18,399 | 13552 10.72 6.50E-04 5.15E-04
May-09 4-wheel, 7 tons 685 79.67 =7 3T 519 \ 0.31 3.06E-03 7.98E-04
Jun-09 | 10-wheel, 16 tons 83,829% | «115.73 | 16.825" [ 3398 2691 1.10E-03 8.71E-04
10-wheel, 16 tons 28,880 ~|~29:60 5796 |  8.12 6144 2.81E-04 2.23E-04
09 4-wheel, 7 tons 400 - 20.80 80 0.32 0.08 7.99E-04 2.08E-04
Aug-09 | 10-wheel, 16 tons 62,646 < 126.83 | 12,573 21.77 17.27 1.20E-03 9.55E-04
Sep-09 4-wheel, 7 tons 28,468 97:07 5,714 32.45 8.46 3.73E-03 9.72E-04
Oct-09 | 10-wheel, 16 tons 75,112 174.107/|| 15,075 2484 19.69 1.65E-03 1.31E-03
Nov-09 | 10-wheel, 16 tons 23,120 29.60 4,640 6.50 5.15 2.81E-04 2.23E-04
Dec-09 | 10-wheel, 16 tons 14,400 29.60 21890 4.05 3.21 2.81E-04 2.23E-04
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Table C-15 GHG e@striwtion@ 36WT8 FL (Cont.)

Number n i gCO2e) | GHG emission (kgCO.e/lamp)
Month Vehicle type of lamp ull To load Full load No load
1) ) (6) Q)
Jan-10 10-wheel, 16 tons 13,500 ] 60 7.30E-04 5.79E-04
an- 3
4-wheel, 7 tons 500 \ 0.18 1.35E-03 3.51E-04
10-wheel, 16 tons 20,560 o7l W-a.1277) 1 75 8.35E-04 6.62E-04
Feb-10 4 Z(Z_:‘ ‘*
4-wheel, 7 tons 1,036 5 OB 13 0.36 1.35E-03 3.51E-04
10-wheel, 16 tons 31,082 il 6580 3 7.64 6.50E-04 5.15E-04
Mar-10 P AT
4-wheel, 7 tons 152 '18. ABEN 11 0.03 7.23E-04 1.89E-04
norqg | el 7 tons 7,593 20%60 {i5eE524 - 2.25 1.14E-03 2.96E-04
pr- b ————r .
10-wheel, 16 tons 24,603 87.97;;?@_& | 8.51 8.35E-04 6.62E-04
May-10 | 10-wheel, 16 tons 49,910, | 100.87 10017 | 1250 9.58E-04 7.59E-04
Total 848,599 ] 3.75E-04 2 67E-04

Remark: (4)=(2)*(3) *E.F. Full Ioﬂ/ 1000,
(6) = (4)/ (1),

* E._-ﬂ\lo load / (1000 * Wt. of load)
(1) =0)/(Q)
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Table C-16 GHG emission from usage stage of one 36\WT8 FL

Average life time | Power | Electricity E.F. CO; emission
(hour) (kW) (kwh) | (kgCO.e/kWh) (kgCO2e)
20,000 0.036 720 0.561 403.92

Total CO; emission (kgCO2e) 403.92

Table C-17 GHG emission from recyele eption of one 36WT8 FL

.. | Amount E.F. CO; emission
NO. | Inputs/OUtpUBSSELIAN | ;  comrtkae@se/unit) |  (kgCOse)
1 | Electricity KWh | 3.03E-03 0.561 1.70E-03
2 | Water supply '’/ /|l 1.77E-04 0.0264 4.68E-06
!
g | Naturahgas m® /| 4108E-05 0.328 1.34E-05
(production) 4
g | Naturalgas MJ! | 1.57E-03 | . 0.0712 1.12E-04
(combustion) “
5 | Sodiumsulfide kg | 1.24E-03 0.39 4.84E-04
6 | Cement Kg o LE-02 0.995 1.77E-02
7 | Cullet kg 1.60E-01 -3.11 - 4.96E-01
Total CO, emission (kgCO5e) - 0.476
’ o
i
Remark: Conversion factor of change natural gas in m? unit into MJ unit:

(@) 1 mf = 35.315 ft*

- i dd
oy
il )

(b) Heating value of nafﬁf{ahgas = 1,030 Btu/ft®
(c) 1 Btu =1,055.06 J ’

(d) 1 MJ = 1,000,000

E.F. of cullet (or glass recovered) = E.F. secondary production of glass
- E.F. primary production of glass = 0.33 - 3.4352 = -3.11 kgCO,e/kg cullet.

Table C+418 GHG emission from dandfill option‘of one 36WT8 FL

= FAmount E.F. €0, emission
NO. Inputs Unit of used | (kgCOze/unit) (kgCO.e)
1. [.Electricity kWh |.4.52E-03 0.561 2.54E-03
2 | Water supply m°>! | 1.77E-04 0.0264 4,68E-06
3 | Sodium sulfide kg | 1.24E-02 0.39 4.84E-03
4 | Cement kg | 1.77E-01 0.995 1.77E-01
Total CO, emission (kgCOye) 0.184
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Table C-19 GHG emission from raw material acquisition stage
of one 18WT8 FL production

.. | Amount E.F. CO; emission
NO. Inputs Unit | ¢ used | (kgCOelunit) | (kgCOse)
1 | Glass tube kg 0.0939 3.4352 3.22E-01
2 | Mercury kg | 1.00E-@5 118 1.18E-03
3 | Aluminum kg 1.85E-03 12.2 2.26E-02
4 | Copper kg | 1.13E-03 3.47 3.92E-03
5 | Argon gas kg | 2:85E-07 0.285 1.38E-07
6 | Krypton gas Kg' | 6.06E-06 107 6.49E-04
7 | Phosphor powder ko' /| 2.33E-03 bl 3.52E-03
8 | Other ingredients kg /| 1¥2E-05 1.52 2.62E-05
9 | Aluminum'oxide” | Kg | 6.90E-05 1.23 8.49E-05
10 | Lacquer kg | -3.70E-03 6.74 2.49E-02
11 | Brown paper kg .. 8.13E-03 0.735 5.97E-03
12 | White paper kg |/4.8YE-03 0.735 3.58E-03
13 | Tapioca flour kg | 1.11E-04 0.541 6.00E-05
14 ?ﬁ:gg‘) Mydrgflagl - < 2.89_'%5?6’-’ 1. 3.47E-06
15 | Tape kga | 1.18E408 3.19 3.77E-03
16 | Latex gum Jrike-|- 3.14E-04" {4 2.64 8.30E-04
17 | Tungsten kg— 3.13E05" 21.2 6.63E-04
18 | Nickel ‘EAG-) 8. 79E 05 =~ 243 2.14E-03
19 | Copper, kg | 1.55E-04 - Wi 5.39E-04
20 Sr:gs;(iai; t:ii) kg | 949E-08 | 3d3s2 | | 3.26E-02
21 | Phenolig fesin kg | 3.17E-04 378 1.20E-03
blend ™ -
22 | Mineral fillers kg 2.37E=03 0.387 9.17E-04
23 /["Methangl kg 213E:04 0.739 1.57E-04
24 7| LPG ko || 4.96E-02 0.27 1.34E-02
Total CO, emission (kgCO.e) 0.445
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Table C-20 GHG emission from transportation of raw material

of one 18WT8 FL production

CO; emission Total CO,

NO. List Amount Full load No load emission
KD | (kgcOme) | (kgCOme) | (kgCOme)

| Glass (Lamp bulb, stem | g 1055" A€ 16 04 | 379E-04 | 8.97E-04

tube and exhaust tube)

2 | Mercury 1.00E-05 | 3.33E<07 | 2.33E-07 | 5.66E-07
3 | Aluminum 1.85E-03 | 6.16E-05 | 4.31E-05 | 1.05E-04
4 | Copper 1.13E-03 | 3.75E-05 | 2.63E-05 | 6.38E-05
5 | Argon gas 4,858-07 | 1.61E-08"..1.13E-08 2.74E-08
6 | Krypton gas 6.06E-06 | 2.02E-07 | 1.41E-07 | 3.43E-07
7 | Phosphorpowder 2.33E-03 | 7.75E-05 | 5.43E-05 | 1.32E-04
8 | Other ingredients 1.72E05 | 5.73E-07 | 4.02E-07 9.75E-07
9 | Aluminum oxide 6.90E-05 | 2.20E-06 | 1.61E-06 | 3.90E-06
10 | Lacquer 3.70E-08 | 1.23E-04 | 8.63E-05 | 2.09E-04
11 [LPG 0.04960" | 1.65£:08 | 1.16E-03 | 281E-03
12 | Brown paper '813E03 | 2.70E-04 | 1.89E-04 | 4.60E-04
13 | White paper 487E-03/[+162E04 | 1.14E-04 | 2.76E-04
14 | Tapioca flour 4 1.11E-04 | 3/69E-06 | 2.59E-06 | 6.27E-06
15 | Sodium hydroxide 2.89E-067_*:__97..61E-08 6.73E-08 | 1.63E-07
16 | Tape =1 118E-03 /| 3.03E-05 | 2.75E-05 | 6.68E-05
17 | Latex gum 3.14E-04 | 1.05E-05 |.7.33E-06 | 1.78E-05
18 | Tungsten 3.13E-05 | L.04E-06 | 7:29E-07 | 1.77E-06
19 | Nickel 8.79E-05 | 2.92E-06 | 2.05E-06 | 4.97E-06
20 | Copper _ 1.55E-04 | 5.17E-06 | 3.62E-06 | 8.79E-06
21 | Phenolic resin,blend 3.17E-04 | 1.05E-05 | 7.39E-06 | 1.79E-05
22 | Mineral fillers 2.37E-03..| 7.88E-05 |.5.52E-05 | 1.34E-04
23 | Methanol 2.13E-04 | 7.07E-06 | 496E-06 | 1.20E-05
24 | QOthers component 6.77E-04 | 2.25E-05 | 1.58E-05 3.83E-05
Total CO, emission (kgCO.e) 5.26E-03

Remark: Fan transpartation of.glass uses 78.5 km distance, 6-wheel trucks, 11 tons
vehicle type. For other raw material uses 22-wheel semi-trailer trucks, 32 tons and

distance of transport equal 700 km.



Table C-21 GHG emission from production process
of one 18WT8 FL production
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.. | Amount E.F. CO; emission
NO. Inputs Unit of used | (kgCOe/unit) (kgCO2e)
1 | Electricity kWh, | 19.08E: 0.561 5.07E-02
2 | LPG (combustion) | kg | | 3.389 1.68E-01
3 |Watersupply .| m’ | 151E.03.4" 0.0264 3.99E-05
4 | Deionized waier. | K 2.03E-06
) e 0.219
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Table C-22 GHG emission from distribution/retail.of one 18WT8 FL

Number |'Distances Weight | GHG emission (kgCOze) | GHG emission (kgCOze/lamp)
Month Vehicle type oflamp | _(km) (kg) Full load |~ No load Full load No load
) (2) © 1 (4) (5) (6) (7)
10-wheel, 16 tons 28,420 68.47 2860 | 421 3.39 3.26E-04 2.58E-04
tan-09 4-wheel, 7 tons 4,350 53.27 438 d' 2.90 0.76 1.03E-03 2.67E-04
10-wheel, 16 tons 7,840 76.87 789 #1.%7 1.01 3.66E-04 2.90E-04
Feb-09 1 wheel, 7 tons 3,840 38.87 386 - |4 2.87 0.75 7.48E-04 1.95E-04
10-wheel, 16 tons 10,200 20608 [ %027 1144 1.14 1.41E-04 1.12E-04
Mar-09 4-wheel, 7 tons 1,000 1820 | 1101|035 0.09 3.50E-04 9.14E-05
10-wheel, 16 tons 58,395 | 115.73/1--5877 | - 9.43 7.48 5.51E-04 4.37E-04
Apr-09 4-wheel, 7 tons 500 35.07 4 3:80 034 0.09 6.75E-04 1.76E-04
10-wheel, 16 tons 10,430% 6847 | 1,050 |  1.90 1451 3.26E-04 2.58E-04
May-09 4-wheel, 7 tons 5007 =1—85:07 50 | 0.34 -0:09 6.75E-04 1.76E-04
10-wheel, 16 tons 15,320 4 11573 | 1,542 2.85 2.26 5.51E-04 4.37E-04
09 4-wheel, 7 tons 700 -} 53.27 70 0.41 0.11 1.03E-03 2.67E-04
10-wheel, 16 tons 18,630 29.60 1,875 2.63 2.08 1.41E-04 1.12E-04
k09 4-wheel, 7 tons 200 36.60 20 0.14 0.04 7.05E-04 1.84E-04
AUGH09 10-wheel, 16 tons 66,370 | 126.83 | 6,680 11.44 9.07 6.04E-04 4.79E-04
4-wheel, 7 tons 100 18.20 10 0.04 0.01 3.50E-04 9.14E-05
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Table C-23 GHG emission. from distribution/retail of one 18WT8 FL (Cont.)

Number |'Distances Weight | GHG emission (kgCOze) | GHG emission (kgCOze/lamp)
Month Vehicle type of lamp | _(km) (kg) Full load_ | No load Full load No load
) (2) © 1 (4) (5) (6) ()
Sep-09 | 4-wheel, 7 tons 35,850 68.47 3,608 23.26 6.07 1.32E-03 3.44E-04
Oct-09 | 10-wheel, 16 tons 58,520 | 46570 [ /5/890 10.79 8.55 7.89E-04 6.26E-04
10-wheel, 16 tons 20,040 29.60 2,017 ' ,12.82 2.24 1.41E-04 1.12E-04
Nov-09 4-wheel, 7 tons 1,510 89.87 152 1% 0.93 0.24 1.73E-03 4.51E-04
Dec.08 10-wheel, 16 tons 13,290 86.13) [+ 1:388 2,58 2.05 4.10E-04 3.25E-04
4-wheel, 7 tons 300 85.0F | #8014 4.0.20 0.05 6.75E-04 1.76E-04
Jan-10 | 10-wheel, 16 tons 57,020 | 13523 /| 5,739 "‘,.':9:;2:8 7.35 6.44E-04 5.10E-04
Feb-10 | 10-wheel, 16 tons 58,812 87.97 5919 | —9.00 7.14 4.19E-04 3.32E-04
10-wheel, 16 tons 18,739, | 87:97 | 1886« | ' 360 2,85 4.19E-04 3.32E-04
Mar-10 4-wheel, 7 tons 5005 =.t—53.27 50+ 021 10,08 1.03E-03 2.67E-04
10-wheel, 16 tons 31,332¢1 13523 | 3,154 6.21 4:93 6.44E-04 5.10E-04
Apr-10 4-wheel, 7 tons 2,424 || 3507 244 1.64 10.43 6.75E-04 1.76E-04
10-wheel, 16 tons 81,993 | ,100.87 | 8,252 12.47 9.89 4.80E-04 3.81E-04
May-10 4-wheel, 7 tons 400 18720 40 0y 0:04 3.50E-04 9.14E-05
Total 607,525 126 82 2.07E-04 1.35E-04
Remark:  (4) =(2) * (3) * E.F. Full load / 1000, (5) = (2)* (3) * E.F. No load / (1000 * Wt. of load), (6) = (4) / (1), (7) = (5) / (1)
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Table C-24 GHG emission from usage stage of one 18WT8 FL

Average life time | Power | Electricity E.F. CO; emission
(hour) (kW) (kwh) | (kgCO2e/kWh) (kgCO2e)
20,000 0.018 360 0.561 201.96

Total CO, emissio 2€) 201.96
Table C-25 GHG tion of one 18WT8 FL
- Amo .F. CO;, emission
NO. Inputs/Out] - t \'f Lsed e/unit) (kgCO%e)

1 | Electricit 1.51E- 8.47E-04

2 | Water supp! "//|/ 8.86E- .0264 2.34E-06

g | Noluralg 21048-05 | 0,328 6.68E-06
(producti , Y

a -

g | NaturalGas ¥ | 7808 12 5.57E-05
(combust e

5 | Sodiu Ifi kg |1 6.20E- 3 2.42E-04

6 | Cement A5 - 0.995 8.82E-03

7 | Cullet kgl 7.97E-02 -2.48E-01

To 2 EMIssio ) -0.238
FrA
Remark: Same as Table C-17 ——<k
2}-:{_: -y

Table C-26 GHG e
it

CO; emission
NO. L (kgCO%e)
1 | Electricit 1.27E-03
2 | Water s‘pﬁply"*-q__, 2.34E-06
3 | Sodiumstilfide 2.42E-03
4 | Cement 8.82E-02
0.092

R ¢ o v/
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Table C-27 GHG emission from raw material acquisition stage
of one 28WT5 FL production

.. | Amount E.F. CO; emission
NO. Inputs UMt ot used | (kgCOzelunit) | (kgCOye)
1 | Glass tube k 473 3.4352 0.51
2 | Mercury r 118 8.62E-04
3 | Zinc c 0.249 1.86E-06
4 | Aluminum 2.02E- 2.2 0.02
5 | Copper 52E- a7 8.75E-03
6 | Argong . 71.43ﬁ|§; 4.08E-07
7 | Phosphor 94E-03 8y 0.03
8 | Other ingredi 48E-05 | 15 7.12E-05
9 | Alumin [ 1.87E e 2.30E-04
10 | Lacquer IR 74 0.05
11 | Brown paper il -0 . 8.47E-03
12 | White paper g |(9.43E-03 735 6.93E-03
13 | Latex gu kg 1+1.61E-03 2. 4.25E-03
14 | Tungste KT 2 : 5.75E-04
15 | Nickel kg 44, 9.23E°05 3 2.24E-03
16 | Copper kgt 123 3.47 8.05E-04
Glass (stemt W afdanis, = &
17 | and exhaust tube) {Tn& 4.8 3.4352 1.66E-02
g | Phenolicresin —<pqe =t 5 a7l 8 8.96E-04
blend "y ]

19 | Mineral filles /. | 6.86E-04
20 | Metha 30~ 1.18E-04
21 |LPG ﬂ e 0.27 3.94E-02

“""'I'otal CO, emission (kgCOze) - 0.701

ﬂ‘iJEJ'WlEJ‘V]‘ﬁWEJ']ﬂﬁ
ammmmwnwmaﬂ
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Table C-28 GHG emission from transportation of raw material

of one 28WT5 FL production

CO; emission Total CO,

NO. List Amount Full load No load emission
KD | (kgcOme) | (kgCOme) | (kgCOme)

p | Glass (Lamp bulb, stem g o0 " 4 5 5ar 04 | 5.58E-04 | 1.32E-03

tube and exhaust tube)

2 | Mercury 7.31E-06 | 24807 | 1.70E-07 | 4.13E-07
3 | Zinc 7.45E-06 | 2.48E-07 | 1.74E-07 | 4.21E-07
4 | Aluminum 2.02E-03 | 6.70E-05 | 4.70E-05 | 1.14E-04
5 | Copper 2,62B-03 % | 8.38E-05"45.87E-05 1.43E-04
6 | Argon gas 1.43E206 | 4.77E-08 | 3.34E-08 8.11E-08
7 | Phosphorpowder 4.94E-03. | 164E-04 | LA5E-04 | 2.80E-04
8 | Other ingredients 4.68E-05 | 1.56E-06 | 1.09E-06 | 2.65E-06
9 | Aluminum oxide 187E-04 | 6.23E-06 | 4.37E-06 | 1.06E-05
10 | Lacquer " 7.54E-08 | 251E-04 | 1.76E-04 | 4.26E-04
11 |LPG 0.14610" | 4.86E08 | 3.41E-03 | 8.26E-03
12 | Brown paper "1.15E-02" 3.83E-04 | 2.69E-04 | 6.52E-04
13 | White paper | --9.43E-03f:-1§3.13E-04 2.20E-04 | 5.33E-04
14 | Latex gum /1 [161E-03 | B535E-05 | 3.75E-05 | 9.10E-05
15 | Tungsten 2.715-05F?§..02E-o7 6.32E-07 | 1.53E-06
16 | Nickel = 923E-05 ' 3.07E-06 | 2.15E-06 | 5.22E-06
17 | Copper 2.32E-04 | 7.71E-06 |\5M1E-06 | 1.31E-05
18 | Phenolic'résin biend 2.37E-04 | 7.88E-06 | 5i53E-06 | 1.34E-05
19 | Mineral fillers 1.77E-03 | 5.89E-05 | -4.13E-05 | 1.00E-04
20 | Methanol_ | 1.59E-04 | 5.29E-06 | 3.71E-06 | 9.00E-06
21 | Others component 1.35E-03 | 4.48E-05 | 3.14E-05 7.62E-05
Total CO,.emission(kgCOqe) 1.21E-02

Remark:; For transportation of glass uses 78.5 km distance, 6-wheel trucks, 11 tons
vehicle type. For other raw material uses 22-wheel.semi-trailer trucks, $32 tons and

distance of transport equal 700 km.
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Table C-29 GHG emission from production process
of one 28WT5 FL production

.. | Amount E.F. CO; emission
NO. Inputs Unit of used | (kgCOze/unit) (kgCO2e)
1 | Electricity kWh 3 0.561 0.176
2 | LPG (combustion) | 3.389 0.50
3 |Watersupply .| m" | 1.98E.03.4 5.23E-05
4 | Deionized waier. [ K Da= 4.58E-06
tal'CO; emission (kgCOze)™ 0.671

AULININTNEYINS
AR TN TN



Table C-30 GHG emission from distribution/retail.of one 28WT5 FL

Number |'Distances Weight | GHG emission (kgCOze) | GHG emission (kgCOze/lamp)
Month Vehicle type of lamp | _(km) (kg) Full load_ | No load Full load No load
1) (2) 3) () ) (6) (M

Jan-09 | 4-wheel, 7 tons 4625 10487 | £ o3 | 400 1,04 4.77E-03 1.24E-03
10-wheel, 16 tons | 2156 | 2021 A J276 | 0.4 0.36 7.32E-04 5.81E-04

Feb-09 1™ wheel. 7 tons 3,760 #| 108200 I 482 | 4325 0.85 2 65E-03 6.92E-04
10-wheel, 16 tons | 625 29.60 gl 14 o1l 0.09 1.79E-04 1.42E-04

Mar-09 = wheel. 7 tons 2000 | 32.40) [ %256 - {4159 0.41 7.94E-04 2 07E-04
10-wheel, 16 tons | 10,193 | 7350 | 1307 | /.d.83 1.45 4.46E-04 3.53E-04

APr09  heel, 7 tons 160 a8z Ji2n 019 0.05 1.19E-03 3.10E-04
May-09 | 4-wheel, 7 tons 193 | 7630 . 248 | . L2 0.42 1.87E-03 4.88E-04
10-wheel, 16 tons | 2,825+ | 2960 | 362 ' | 051 0:40 1.79E-04 1.42E-04

S el 7 tons 3047 =1—43:99 e 011 1.08E-03 2 81E-04
10-wheel, 16 tons | 69,775 - 29.60 | 8,944 12,52 9.93 1.79E-04 1.42E-04

MH09 1 wheel, 7 tons 156 - 43.90 20 0.17 0.04 1.08E-03 2 81E-04
10-wheel, 16 tons | 7,800 | 429.60 | 1,000 1.40 111 1.79E-04 1.42E-04

AUG09 el 7 tons 4,480 § 80237/ 574 5165 47 4.42E-03 1.15E-03
cepgp | 10wheel, 610 | 7 giocz 1 73s0 T 128 248 197 4.46E-04 3.53E-04
4-wheel, 7 tons 3200 | 3240 | 40 254 0.66 7.94E-04 2 07E-04
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Table C-31 GHG emission. from distribution/retail of one 28WT5 FL (Cont.)

Number (Distance« Weight | GHG emission (kgCO.e) | GHG emission (kgCO.e/lamp)
Month Vehicle type of lamp (km) (k9) Full load No load Full load No load
1) 2) ® 1 (4) (5) (6) ()
10-wheel, 16 tons 2,970 43.90 331 0.79 0.63 2.66E-04 2.11E-04
Oct-09 4-wheel, 7 tons 4,075 73.60 522 — ' 3.45 0.90 1.80E-03 4.71E-04
Nov-09 | 10-wheel, 16 tons 7,150 108.90F" |[F- 917 - | 4183 1.05 6.42E-04 5.09E-04
56009 10-wheel, 16 tons 375 4727 48 *' 0.11 0.09 2.87E-04 2.27E-04
4-wheel, 7 tons 2,200 146.13 782/~ ) ukdn 3576 0.98 3.56E-03 9.28E-04
Jan-10 4-wheel, 7 tons 100 8500 | 23 =1 8009 0.02 8.60E-04 2.24E-04
10-wheel, 16 tons | 82,200 43100 ;|-10,537. |7 21.88 17.35 2.66E-04 2.11E-04
Feb-10 4-wheel, 7 tons 10276 | 147.17 1,317 ?3’_.98 2.34 3.61E-03 9.41E-04
10-wheel, 16 tons | 12,000, | 4390 | 1538 | 319 2,53 2.66E-04 2.11E-04
Mar-19 4-wheel, 7 tons 2,321 =—119:23 298 | 246 -0.64 2.92E-03 7.62E-04
10-wheel, 16 tons | 103,300, 43.90 | 13,241 27.49 21.80 2.66E-04 2.11E-04
Apr-10 4-wheel, 7 tons 240 29.60 31 0.17 0.05 7.26E-04 1.89E-04
May-10 | 10-wheel, 16 tons 225 29.60 29 0.04 0.03 1.79E-04 1.42E-04
Total 351,179 112 69 3.20E-04 1.96E-04
Remark: (4) = (2) * (3) * E.F, Full load 71000, (5) = (2) * (3)* E.F. No load / (1000 * Wt. of load), (6) = (4) / (1), (7) = (5)/ (1)
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Table C-32 GHG emission from usage stage of one 28WT5 FL

Average life time | Power | Electricity E.F. CO; emission
(hour) (kW) (kwh) | (kgCO2e/kWh) (kgCO2e)
20,000 0.028 560 0.561 314.16

Total CO, emissio 2€) 314.16
Table C-33 GHG 7 tion of one 28WT5 FL
Amo .F. CO;, emission
NO. Inputs/Ou t & us selunit) (kgCO%e)

1 | Electricit 1.88E- 1.05E-03

2 | Water supp! /7 3105 0264 2.90E-06

g | Naturale 2%536-05 | 0:328 8.30E-06
(producti ,

g | MaturalGas IR 12 6.91E-05
(combust e

5 | Sodiu Ifi kg | 7.70E- 0.3 3.00E-04

6 | Cement A LAPE- 0.995 1.09E-02

7 | Cullet . kg1 9.90E-02 -3.07E-01

To 2 BMIssio -0.295

NO.

Sodiumsulfide

CO, emission
(kgCOze)

1.57E-03

2.90E-06

3.00E-03

Bl W N

Cement

1.09E-01

0.114

v ¢ o | v/
ARIANNIUARTINEIRE
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Table C-35 GHG emission from raw material acquisition stage
of one 14WT5 FL production

.. | Amount E.F. CO; emission
NO. Inputs Unit | ¢ used | (kgCOmelunit) | (kgCOse)
1 | Glass tube 37E#0 3.4352 2.53E-01
2 | Mercury 1 E-06 118 8.62E-04
3 | Zinc 0.249 1.86E-06
4 | Aluminum 12.2 0.037
5 | Copper / 1.31E-02
6 | Argongs | 1.72E-07
7 | Phosphor powder " ke =, 0.025
8 | Other ingredi J&? € 4.28E-05
9 | Aluminug Mg’# : 04 1.38E-04
10 .. 0.045
11 - ;’ 1.04E-02
12 | White paper &= | .Ifg,* 9.43E-03
13 [Latexgum®™ = | K 6.55E-03
14 | Tungste » PZ 5.80E-04
15 |Nickel & =] 2.51E-03
16 | Copper 8.99E-04
Glass (stemtube i
17 and ex(haust tube) L= 3.4352 1.87E-02
18 Phenolic resin = 1 34E-03
19 1.03E-03
20 1.76E-04
21 0.27. 3.94E-02
“""I'otal CO, emission (kgCOze) - 0.465

ﬂ‘LlEJ'WlEJ‘i’]‘ﬁWEJ’]ﬂi
ama\mmw’nwmaﬂ
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Table C-36 GHG emission from transportation of raw material

of one 14WT5 FL production

CO; emission Total CO,

NO. List Amount Full load No load emission
KD | (kgcOme) | (kgCOme) | (kgCOme)

| Glass (Lamp bulb, stem |5 g5p o) 8 97k 04 | 2.90E-04 | 6.87E-04

tube and exhaust tube)

2 | Mercury 7.31E-06 | 24807 | 1.70E-07 | 4.13E-07
3 | Zinc 7.45E-06 | 2.48E-07 | 1.74E-07 | 4.21E-07
4 | Aluminum 3.01E-08 | 1.00E-04 | 7.02E-05 | 1.70E-04
5 | Copper 377E-03 | 1.25E-04"|.8.78E-05 | 2.13E-04
6 | Argon gas 6.04E:07 | 2.01£-08 | 1.41E-08 | 3.41E-08
7 | Phosphorpowder 4.28E-03. | 1.42F-04 | 9.97E-05 | 2.42E-04
8 | Other ingredients 2.81E-05 | 9.36E-07 | 6.56E-07 | 1.59E-06
9 | Aluminum oxide 113E-04 | 3.74E-06 | 2.62E-06 | 6.37E-06
10 | Lacquer "6.62E-08 | 2.20E-04 | 1.54E-04 | 3.74E-04
11 |LPG 0.14610" | 4.86E03 | 3.41E-03 | 8.26E-03
12 | Brown paper '142E-02 | 4.71E-04 | 3.30E-04 | B8.01E-04
13 | White paper |70 28E-02/ |+4.27E-04 | 2.99E-04 | 7.26E-04
14 | Latex gum 1 12.48E-03 | 8:25E-05 | 5.79E-05 | 1.40E-04
15 | Tungsten 2.73E-05F?§..09E-O7 6.37E-07 | 1.55E-06
16 | Nickel = 7103504 | 343E-06 | 2.40E-06 | 5.83E-06
17 | Copper 2.59E-04 | 8.61E-06 |M6/04E-06 | 1.47E-05
18 | Phenolic'resin blend 3.54E-04 | 1.18E-05 | 8:26E-06 | 2.00E-05
19 | Mineral fillers 2.65E-03 | 8.81E-05 | -6.17E-05 | 1.50E-04
20 | Methanol_ | 2.38E-04 | 7.91E-06 | 5.54E-06 | 1.35E-05
21 | Others component 2.00E-03 | 6.64E-05 | 4.66E-05 1.13E-04
Total CO,.emission(kgCOqe) 1.19E-02

Remark:; For transportation of glass uses 78.5 km distance, 6-wheel trucks, 11 tons
vehicle type. For other raw material uses 22-wheel.semi-trailer trucks, $32 tons and

distance of transport equal 700 km.
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Table C-37 GHG emission from production process
of one 14WT5 FL production

Amount E.F. CO, emission
(kgCOze/unit) (kgCO2e)

NO. Inputs Unit

1 | Electricity 0.561 0.285
2 | LPG (combustion) vAY LT 3.389 0.495
3 |Watersupply . | m’ | 2.17E-0° 5.73E-05
4 | Deionized water. | kg 3.72E-06
y 0.780

AULININTNEYINS
AR TN TN



Table C-38 GHG emission from distribution/retail.of one 14WT5 FL

Number |'Distances Weight | GHG emission (kgCOze) | GHG emission (kgCOze/lamp)
Month Vehicle type of lamp | _(km) (kg) Full load |~ No load Full load No load
1) 2) @ 3 (4) (5) (6) (7)

Jan-09 4-wheel, 7 tons 1,025 7967 {0.74 P 0.44 0.12 1.05E-03 2.74E-04

10-wheel, 16 tons 28 43.90 1’.’973 }d' 0.00 0.00 1.43E-04 1.14E-04
Feb-09 4-wheel, 7 tons 740 67.00 51.07 /) 4032 0.08 8.85E-04 2.31E-04

10-wheel, 16 tons 5,516 2960 J 38067 {4 053 0.42 9.66E-05 7.66E-05
MO0 T e, 7 tons 2,400 | 32400 (16563 [ 103 0.27 4.28E-04 1.12E-04

10-wheel, 16 tons 300 2060 | 42670 | f_r:':_ﬂ.qs 0.02 9.66E-05 7.66E-05
Apr-09 4-wheel, 7 tons 100 32.40 =690 :__'%2621 0.01 4.28E-04 1.12E-04
May-09 | 4-wheel, 7 tons 6 43.907 /041 ~ | 11000 0.00 5.80E-04 1.51E-04
Jun-09 |  4-wheel, 7 tons 104 4|« 7850 7.18 0.05 0.01 1.04E-03 2.70E-04
Jul-09 | 10-wheel, 16 tons 200 /| 2060 | 1380 | 002 002 9.66E-05 7.66E-05
Aug-09 | 4-wheel, 7 tons 506 76.30 34.92 0.22 0.06 1.01E-03 2.63E-04
Sep-09 |  4-wheel, 7 tons 500 | 32.40 34.51 0.21 “0.06 4.28E-04 1.12E-04
Oct-09 | 4-wheel, 7 tons 1,500 3240 | 103.52 0.64 0.17 4.28E-04 1.12E-04
Nov-09 | 10-wheel, 16 tons 500 32.40 34,51 0.05 0.04 1.06E-04 8.39E-05
Dec-09 | 4-wheel, 7 tons 689 80.50 | 47.55 0.38 0.10 1.06E-03 2.77E-04
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Number ° 1 gCOze) | GHG emission (kgCOqe/lamp)
Month Vehicle type of lamp Full load No load
1) (6) ()
Jan-10 4-wheel, 7 tons 550 8.54E-04 2.23E-04
Mar-10 4-wheel, 7 tons 881 1.57E-03 4.10E-04
Apr-10 4-wheel, 7 tons 225 4.63E-04 1.21E-04
May-10 | 10-wheel, 16 tons 50 ﬁ' " B, . 9.66E-05 7.66E-05
Total 15820 | & & %‘g{ =k . 3.01E-04 1.00E-04

Remark:  (4) =(2) * (3) * E.F. Full load / 100 Mfﬂ i
(5) =(2) * (3) *E.F. Noload/(1* ;Hba“
©)=@)1(Q) _s

M=6)/(Q)

(7

E
ﬂ‘UEJ’J‘VIEWlﬁWEJ’lﬂ‘E
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Table C-40 GHG emission from usage stage of one 14WT5 FL

Average life time | Power | Electricity E.F. CO; emission
(hour) (kW) (kwh) | (kgCO.e/kWh) (kgCO2e)
20,000 0.014 280 0.561 157.08

Total CO; emission (kgCO2e) 157.08

Table C-41 GHG emission from recyele gption of one 14WT5 FL

.| Amount E.F. CO, emission
NO. | Inputs/OUtpUBSSELIAN | ;  comrtkae@se/unit) |  (kgCOse)
1 | Electricity KkWh | 9.87E-04 0.561 5.54E-04
2 | Water supply w’/ /|l 3.79E-05 0.0264 1.53E-06
g | Naturakef® if /| Lgam0s | 028 4.37E-06
(production) 4
g | NaturalGas MJ | 5.11804 | . 0.0712 3.64E-05
(combustion) “
5 | Sodiumsulfide kg | 4.05E-04 0.39 1.58E-04
6 | Cement kg .4 5.79E-03 0.995 5.76E-03
7 | Cullet kg | 5.21E-02 -3.11 -1.62E-01
Total CO, emission (kgCO5e) -0.155
’ o
A

Remark: Same as Table€-17 — —
4 e s i!]‘..l

Table C-42 GHG emission from Igrﬁ_j__f.ilil option of one 14WT5 FL

.. | Amount e 4 CO; emission
NO. | (gl UL of sed | (kgCOzeMinit) | (kgCO)
1 | Electrigity kWh | 1.48E-03 IS67x. . 8.28E-04
2 | Water stupply m° | 5.79E-05 0.0262 1.53E-06
3 | Sodiumssulfide kg | 4.05E-03 0.39. 1.58E-03
4 | Cement kg | 5.79E-02 0.995 5.76E-02
TotakCO,emission (kg€Oye) 6.00E-02

C.3 Ballast manufacture

GHGemission, caleulation ghroughy life seycle, sof sballast manufacturing
including rawrmaterial acquisition,transportation of raw material, produgtion process,
consumer use, recycle option and disposal option are shown as following:

- For magnetic ballast in Table C-43 to C-49

- For electronic ballast in Table C-50 to C-57
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GHG emission through all life cycle of each ballast that considering with FL
come from two in three ratio of GHG emission from each stage of ballast, exception
for the usage stage. Because the average life time of ballast in FL set equal to 20,000
hours, as two in three of the real average life time (30,000 hour).

Table C-43 GHG emission from raw materiakacquisition of one magnetic ballast

.. | Amount E.F. CO; emission
NO. Inputs ORIt | ot Lsed = PRICOse/unit) | (kgCOs6)
1 | Steel ko 0.85 1.76 1.50
2 | Copper wire kg 0.103 3.47 0.36
3 | Nylon Bebbin kg 0.015 iy 2.87E-02
4 | Polyester film kg 0.01 o4 7.54E-02
5 | Alumiaum kg |.-0.005 12.2 6.10E-02
6 | Paint Ko~ = 0:002 1.79 3.58E-03
7 | Thinnes kg 0.001 1.5 1.50E-03
8 | Paper Ky | 00801 0.735 7.35E-04
TotallCOz emission (kgCO.,e) 2.024
Table C-44 GHG emission from'-:tfan_sportation of raw material
- 10f ene magnetic ballast
: .. CO, emission Total CO,
NO. List Sl [y T load emission
o~ K| kgcome) | kgebdse) | (kgCOw0)
1 | Steel. 0.85 2.83E-02 | 1.98E-02 | 4.81E-02
2 | Copper Wire 0.103 3.42E-03 2.40E-03 5.83E-03
3 Nylon Bebbin 0.015 4.99E-04 3.50E-04 8.48E-04
4 Polyester film 0.01 3.33E-04 2.33E-04 5.66E-04
5 JAluminum 0.005 166E:04 117 E=04 2.83E-04
6 Paint 0.002 6.65E-05 4.66E-05 1.13E-04
7 |"Fhinner 0.001 3.33E-05 2.33E-05 5.66E-05
8 Paper 0.001 3.33E-05 2.33E-05 5.66E-05
Total CO, emission (kgCO.e) 5.58E-02

Remark: Vehicle type is 22-wheel semi-trailer trucks, 32 tons and distance of

transport equal 700 km.
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Table C-45 GHG emission from production process of one magnetic ballast

.. | Amount E.F. CO; emission
NO. Inputs Unit| ot ised | (kgCOse/unit) | (kgCOse)
1 | Electricity kWh 0.03 0.561 1.68E-02
Total CO; emission (kgCOze) 1.68E-02

Table C-46 GHG emission from distribution/retail of one magnetic ballast

CO3 emission Total CO,

. Amount .
NO. List (ka) + Full-load No load emission
2 (KgCO.6) 1 (KgCOse) | (kgCOse)
1 | Magnetic ballast 0:987 3.:28E-02 2.30E-02 5.58E-02
TotalFC Oz emission (kgCO.¢) 5.58E-02

Table C-47 GHG emission from-usage stage of one magnetic ballast

Average life time J Power | Electrieity B\ CO; emission
(hour) (kW) -1 (kWh) “| (kgCO2e/kWh) (kgCO2e)
20,000 0.010 2007, 0.561 112.2

TotalCQz emission (KgCO.e) 112.2

Table C-48 GHG emission from recycle option of one magnetic ballast

I ol Ariountsid E.F. CO; emission
NO. Inputs/Output - Unit of used | (kgCOze/unit) (kgCOsze)
1 | Electricity -~ LRWh"  7.40E#04<F=~_0.561 4.15E-04
2 | Water supply m®> | 2.90E-05 0.0264./ 7.66E-07
3 | Sodiunsulfide kg | 2.03E-03 | o 7.92E-04
4 | Cement kg | 2.90E-02 0 o 2.89E-02
5 | Steel recovered kg 0.85 -1.69 -1.44
6 | Copper fecovered kg 0.103 -3.03 -3.12E-01
7 | Aluminum kg .|. ,0.005 11,91 -5.96E-02
recovered
Total CO; emission (kgCO.e) -1.778
Remark: (a) E.F. of steel recovered = E.F. of secendary production of steel -

E.F.of primary production of steel = 0.07 — 1.76 = -1.69

(b) E.F. of copper recovered = E.F. of secondary production of copper

- E.F. of primary production of copper = 0.44 — 3.47 = -3.03

(c) E.F. of aluminum recovered = E.F. of secondary production of

aluminum - E.F. of primary production of aluminum = 0.29 — 12.2 =-11.91
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Table C-49 GHG emission from landfill option of one magnetic ballast

. Amount E.F. CO, emission
NO. Inputs Unit |t used | (kgCOefunit) | (kgCOse)
1 | Electricity kWh | 2.52E-02 0.561 1.41E-02
2 | Water supply 2 8 0.0264 2.61E-05
3 | Sodium sulfide 0.39 2.69E-02
4 | Cement 9.82E-01
1.023

Table C- z{f r riI acquisition
7/ AN

AT CO; emission
NO. of-usec (kgCO%e)
1 3.78E-01
2 2.76
3 | PCB 8.12E-01
4 Insula_tion 5 32E-02
material
5 | Nylon bobbin 1.03E-02
6 | Solder paste 1.02E-02
7 | Jumper wire e 2.79E-03
8 | Copper = 1 379E02 4 . . 1.32E-01
9 | Integrated circuit | k ' L. | 4.58
Minar=
10 comp ts-\& | k 3 N/A
~ Total CO, il 8.736

Remark: E.F. of minor,component is not available (5.4% by weight of electronic

@ UH INUNTNEINT
ARIAINTNUARIINY QY
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Table C-51 GHG emission from transportation of raw material

of one electronic ballast

CO, emission Total CO,
NO. List Amount Full load No load emission
(ko) (kgCOs) | (kgCOse) | (kgCOse)
1 | Steel 1.78E-01 || ' 3.94E403, | 4.14E-03 1.01E-02
2 | Transformer 7.38E-02 245603 1.72E-03 4.17E-03
3 | Capacitor 3:32E-02 |y 1.10E<08 [.7TAE-04 1.88E-03
4 |pPCB 2:93E-02 | 9.74E-04.. | 6.83E-04 1.66E-03
5 | Insulation WO5E-02 | 349E04 |.245E-04 | 5.94E-04
material \
6 | Resistor 6.00E-03_|! 2.00E-04 | 1.40E-04 3.39E-04
7 | Transistor 5605-03 | . 1.B6E-04 | 1.31E-04 | 3.17E-04
8 | Nylon bobbin 54QE-03" | "1.80E-04 |, 1.26E-04 3.05E-04
9 | Solder paste 4 80E-03 | |1.60E-04 1.12E-04 2.71E-04
10 | Diode 460E-03 1.%504 1.07E-04 2.60E-04
11 | Fuse 1.60E-03 | 5:82E:05 | 3.73E-05 9.05E-05
12 | Jumper wire 1.40E-03 | 4.66E°05 || 3i26E-05 | 7.92E-05
13 | NTC 1.00E403 | 3.33E-05 | 2.33E-05 5.66E-05
14 | Wire {,00E-03 | 338E05 | 233E-05 | 5.66E-05
15 |IC’s 5.00E-04 | 1.66E-05 | 1.17E-05 2.83E-05
16 | Fixed inductor [ 2:00E-04 | 6.65E-06 | 4.66E-06 1.13E-05
17 | Potential meter | 3.00E-04 | 9.98E-06 | 6.99E-06 1.70E-05
‘-‘_ ‘_ Total CO; emission (kgCOze) - 2.02E-02

Remark: Vehicle type is 22-wheel semi-trailer  trucks, 32 tons and distance of

transport equal 700 km.

TabletC-52 GHG emission from production process of one electronic ballast

| Amount E.F. COgzemission
NS ngig 99 dr BB a8 T dacl.d
1" | Electricity KWh 0.67 0561 0.376
Total CO, emission (kgCOye) 0.376
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Table C-53 GHG emission from distribution/retail of one electronic ballast

CO; emission Total CO,

. Amount .
NO. List (ka) Full load No load emission
9 (kgCO%) | (kgCOse) | (kgCOse)
1 | Magnetic ballast 0.356 1.18E-02 8.30E-03 2.01E-02
Total CO; emission (kgCO-e) 2.01E-02

Remark: Vehicle type Is 22-wheel semi-trailer trucks, 32 tons and distance of

transport equal 700 km. . g

Table C-54 GHG emission from usage stage of one electronic ballast

Average life time*| Power | Electricity = CO, emission
(hour) (kW) (kWh). " | (kgCOze/kWh) (kgCO2e)
20,000 g.003f ** —68=" 0.561 33.66

iTotallC Qs emission (KgCOze) 33.66
Table C-55 GHG emission from re:éycle option of one electronic ballast
o ) ArHagh ey RF. CO; emission
NO. Inputs/Output Unl|t oFAl ed | (KICOm/unit) (kgCOse)

1 | Electricity | KOWh- 2.66E:03.]  10.561 1.49E-03

2 | Water supply Yemi T 1.04E04F  0.0264 2.76E-06

3 | Sodium sulfide kgo, | 7.316:08; 0.39 2.85E-03

4 | Cement "7 kg | 1.04E01°] = 0.995 1.04E-01

5 | Steel-recovered kg | 2.15E-01 1694, | -3.63E-01

6 | Copperjecovered kg | 3.79E-02 A Y -1.15E-01

Total CO; emission (kgCO.e) -0.369

Remark: Same as Table C-48 -

Table €-56 GHG emission from landfill'gption of one electronic ballast

| "Amount E.F. €O, emission
NO. Inputs Unit of used | (kgCOze/unit) (kgCO»e)
4 4=Eleetricity kWh |#9.10E-03 0561 5+11E-03
2 | Water supply m>. | .3.57E-04 0.0264 9.42E-06
3 | Sodium sulfide kg | 2.50E-02 0.39 9.75E-03
4 | Cement kg | 3.57E-01 0.995 3.55E-01
Total CO, emission (kgCO.e) 0.370
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