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/19 ’ ‘WLi’JEI ‘ LL‘IJ‘LI‘]J‘J‘?’?‘QQ BLULINS
INAUNAN
Huu nn. 1.190E+03 1.190E+03
AURAUAY nn. 2.000E+02 2.000E+02
anlud nn. 1.630E+02 1.620E+02
Auwilaannrnegiiunge nn. 5.040E+01 5.040E+01
Ulnsaenldn an. 4.080E+01 4.080E+01
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a9 wUael I TTEEETIN WUILING
Augnia nn. 2.960E+01 2.960E+01
weaung sl nn. 3.890E+00 3.890E+00
HJuman nn. 3.240E+00 3.240E+00
geaFefidureanan nn. 2.320E+00 2.320E+00
Heuanluionlumm nn. 1.940E-01 1.940E-01
a nn. 4.320E-02 X
N9 nn. 3.370E-02 X
Na,SO, n. 2.560E-02 X
Nneel nn. 2.230E-02 2.230E-02
Tnsiunsean nn. 1.790E-02 1.790E-02
Tamn W (Ann1IRARNIEAEATING nn. 1.700E-02 X
Augziin nn. 1.220E-02 1.220E-02
Aumilen nn. 1.990E-03 1.990E-03
MTIINAsU
fubiv nn. 7.07E+00 6.91E+00
anlusd nn. 2.880E-01 2.880E-01
AN FITNANG AL, 2.32E+01 2.27E+01
Anatlinadew AL 5.830E-02 5.830E-02
vnsuv nn. 1.70E+00 1.62E+00
TTuR ey ALY 2.520E-05 2.470E-05
vnduamaudn an. 6.000E-01 6.000E-01
fmﬁmm nn. 8.140E-01 8.140E-01
vrsfuvdeawulduda nn. 1.170E+00 1.170E+00
FANLNNTOLUG nn. 7.170E-01 7.170E-01
WANIUINTURU(AINNITLIUNNTHARNAGRAN PE) | LuANZ3A 6.660E-01 X
WENIUANINE(ANNNIZLAUNNTHARNANGRN PE) WANZaA 8.650E+00 X
WANIUIINAIEEITNTNF (AINNTTLIUNIINER WNNLaa 1.090E+01 X
Na4FN PE)
NANHNI9DINA
CQO, nn. 9.800E+02 9.730E+02
CcO nn. 4.600E-02 3.920E-02
SO, nn. 1.36E-01 1.01E-01
NO, nn. 1.18E+00 1.15E+00
N,O nn. 3.740E-03 2.460E-03
i nn. 2.600E-01 2.600E-01
CXHy nn. 3.000E-02 5.280E-03
non methane VOC nn. 2.070E-02 2.040E-02
Hu (ANNsEUUNITUALiaET ) nn. 2.330E+00 2.330E+00
#{u (SPM) (RMNNTTLAUNNTHARNTZ A AT nn. 7.580E-03 1.150E-03

ellefa)
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k) ATRE LULLSTON BUURNY

#{u (PM10) stationary (3NNIrL9UNTHANE L) nn. 7.470E-04 7.470E-04
#u (PM10) mobile (ANnszUIUNNINARELTN) nn. 5.370E-05 5.370E-05
H,SO, nn. 5.700E-05 X

H,S nn. 4.450E-05 1.380E-05
Na,SO, nn. 8.760E-06 X
Az nn. 4.190E-06 4.140E-06
uALEEn nn. 6.550E-07 6.530E-07
NBIUAS nn. 4.920E-07 4.920E-07
Tanilen nn. 4.380E-07 4.310E-07
san nn. 1.290E-07 1.210E-07
NARHMNIUN

ARDTY nn. 2.680E-02 2.680E-02
Tfen nn. 1.500E-02 1.500E-02
CcoD nn. 1.260E-02 1.100E-04
AL nn. 4.820E-03 4.820E-03
BOD nn. 1.550E-03 1.090E-05
TOC nn. 1.020E-03 1.020E-03
Lt nn. 8.050E-04 8.050E-04
Wan nn. 6.050E-04 6.050E-04
ANTUAIURAE nn. 2.590E-04 4.620E-06
lulpssf nn. 7.720E-07 7.720E-07
T nn. 5.110E-05 4.990E-05
NH3 (as N) nn. 4.950E-05 4.950E-05
Aoz nn. 2.630E-05 2.510E-05
VOC as C nn. 1.500E-05 1.500E-05
Tasile (1) nn. 4.420E-06 4.420E-06
Tasllen (V1) nn. 7.510E-10 7.510E-10
Az nn. 2.700E-06 2.700E-06
NBILLAN nn. 2.070E-06 2.070E-06
NH, nn. 1.590E-06 X
SO, nn. 5.120E-07 5.120E-07
uAALen nn. 1.330E-07 1.330E-07
san nn. 4.500E-09 4.500E-09
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i 1921i1A18R3 CML 2 baseline 2000

NANKANTENU nsEUlUNIsEan 59N
(MUQ" Aa NN, ANTNANY n19%n n159 NN aY & NSHAR nsum
= ' - o ' o I '
Nlaagaanun) LU LUNa9 UntaEIng Yuidia dag
viuglu AUAUAIY G (nN9LwN) Auuus
Global Warming 1.41 0.322 20.2 909 47.8 978.732

(kg of CO, equivalent/kg emission)

Ozone Layer - - - - 4.120E-06 4.120E-06
(kg of CFC,, equivalent/kg emission)

Photochemical Oxidant (kg of C,H, 3.020E-05 4.260E-07 1.160E-03 1.320E-03 5.180E-03 7.691E-03
equivalent/kg emission)

Acidification 6.220E-04 3.840E-06 2.230E-02 2.500E-02 8.570E-02 0.134
(kg of SO, equivalent/kg emission)

Eutrophication 1.470E-08 3.600E-09 1.660E-06 2.180E-06 3.090E-03 3.094E-03

(kg of PO, equivalent/kg emission)

A9199 3 WNaNITNLFeAIWIAReN lULAANITLAUNINARWTINWALBSALAUALLUNG 1

i 1921i1#08R3 Eco — Indicator 99

NANNANTENU nsEUIUNSEas EREY
N9 N9 n19vinas NSHABR nsuAtias
TR I uazuntag uidin Fuun
viuglu wuAuAIY  IngAUNEN (NM9Len)
Climate Change (DALY) 2.960E-07 6.770E-08 4.250E-06 1.910E-04 1.000E-05 2.056E-04
Ozone Layer (DALY) - - - - 4.32E-09 4.320E-09
Acidification/ 1.200E-02 1.920E-04 0.468 5.28 0.974 6.734

Eutrophication (PDF*mzyr)
Land Use (PDF*mzyr) 1.970E-03 7.390E-03 - - 0.208 0.217

nanaRuTnudlasauauduuUNg 1 fu AnislassfingEeunsyan  978.732
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NAUNY nauny Anmsz  nauny hiAnnss

CQ, nn. 9.810E+02 9.730E+02 9.780E+02 9.760E+02
CH, nn. 2.600E-01 2.600E-01 4.040E-03 3.980E-03
N,O nn. 2.460E-03 2.460E-03 2.450E-03 2.390E-03
SO, nn. 1.014E-01 1.014E-01 7.490E-02 7.330E-02
NO, nn. 1.153E+00 1.153E+00 1.140E+00 1.130E+00
NMVOC nn. 2.040E-02 2.040E-02 1.319E-02 1.310E-02
CcO nn. 3.920E-02 3.920E-02 3.670E-02 3.620E-02
tﬁuﬂ:@m nn. 2.373E+00 2.373E+00 2.331E+00 2.331E+00
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2. NAAATUTLUANLYINEND

HANNIAANNUTYTTINIAN LA ARaNTRSHARTTTIANWse1aTaelaee . Tne

~ = ' R A a ) o P
LﬁﬂULWHULﬂu 2 NTIUANTT 72119719 NTUANTIN 1: VI,llﬂﬁﬂr]??Ju@\'iLﬂH’Lﬁﬂﬂ LASNTDIANTN

dl | o =K K ! <3 ¥ o 1 o dl
7 2: 1 un13Aianen13aRda AT A NI NN TR UA9 819 ASLAAS LA 5 UAY 6

AN919N 5 AaadeTdmenisdudewnadanaasn@nsusinanuyiannaeslsauiay

fa 1 Nlansy

SIENTAURINIAR DN szian el LIANLYINEND LIANLYINEND
(laisunisuudarms
LUAN)
Raw Material
Coal Raw kg 4.798E-02 4,983E-02
crude oil Raw kg 1.475E-02 2.390E-02
Dolomite Raw kg 1.760E-02 1.760E-02
Ferromanganese Raw kg 3.000E-03 3.000E-03
ferrosilicon (75%Si) Raw kg 3.250E-03 3.250E-03
Graphite Raw kg 3.800E-03 3.800E-03
lignite Raw kg 1.692E-01 1.703E-01
limestone Raw kg 7.880E-02 7.880E-02
natural gas Raw m3 1.691E-01 1.693E-01
scrap Raw kg 1.195E+00 1.195E+00
silicon manganese Raw kg 8.150E-03 8.150E-03
Emission to Air
CH4 Air kg 1.710E-05 1.710E-05
CO Air kg 7.960E-04 8.820E-04
CO2 Air kg 8.540E-01 8.830E-01
dust Air kg 1.050E-03 1.050E-03
NOx Air kg 1.970E-03 1.970E-03
NOx (as NO2) Air kg 7.360E-04 1.010E-03
S02 Air kg 1.180E-03 1.180E-03
SOx (as SO2) Air kg 2.620E-06 7.550E-05
Emission to Water
COD Water kg 2.130E-05 2.330E-05
dissolved solids Water kg 1.790E-04 1.790E-04
dissolved substances Water kg 8.730E-07 2.100E-06
Suspended solids Water kg 9.330E-06 9.330E-06
Suspended substances Water kg 1.940E-07 1.940E-07
waste water (vol) Water m3 5.600E-04 5.600E-04
Solid Emissions
collected dust Solid kg 2.590E-02 2.590E-02
Slag Solid kg 6.630E-06 6.630E-06
slag (EAF) Solid kg 1.170E-01 1.170E-01
slag (LHF) Solid kg 1.080E-02 1.080E-02

n-8
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A1519% 6 Foadetiydsanisduisnadannvesnaniusinanuiseng 1 Alandu (wan

ANNNIELIUNNTHARLAZ I LLEIRY)

$18N1T dszian | wdae | n1sauds |nisuaeNwis| n1sdiudgann |nsaewman| Uy
AIURIIARDN LAUAN | WWAN (EAF) AwmEn | wnsieiies atiuayw
(LHF) (CCM) NNTHAR

coal Raw kg 1.85E-03 4.44E-02 3.52E-03 x| 1.93E-05
crude oil ETH Raw kg 9.18E-03 5.69E-05 6.61E-06 x| 1.09E-03
lignite Raw kg 1.04E-03 1.37E-01 9.63E-03 8.47E-03| 1.39E-02
natural gas Raw m3 2.51E-04 1.38E-01 9.73E-03 8.17E-03| 1.34E-02
scrap, external Raw kg 1.17E+00 X X X X
scrap, internal Raw kg X 2.40E-02 X X X
CH4 Air kg X 1.39E-05 9.74E-07 8.58E-07| 1.41E-06
CcO Air kg 8.65E-05 4.84E-04 2.89E-04 7.69E-06| 1.41E-05
CO2 Air kg 2.91E-02 6.61E-01 7.75E-02 2.87E-02| 8.59E-02
dust Air kg X 9.30E-04 1.19E-04 1.43E-06| 2.34E-06
NOx (as NO2) Air kg 2.78E-04 2.00E-03 4.28E-04 9.42E-05| 1.85E-04
SOx (as SO2) Air kg 7.28E-05 1.01E-03 9.46E-05 2.55E-05| 5.46E-05
BOD Water kg 1.71E-07 4.09E-07 3.88E-11 1.90E-07| 1.00E-07
CcOD Water kg 2.00E-06 1.37E-05 8.76E-10 6.98E-06| 5.73E-07
dissolved Water kg 1.23E-06 1.19E-04 6.35E-08 6.09E-05| 1.08E-08
substances

Collected dust Solid kg X 2.46E-02 1.31E-03 X X
Slag Solid kg X 1.98E-06 X x| 4.65E-06
Slag (EAF) Solid kg X 1.17E-01 X X X
Slag (LHF) Solid kg X X 1.08E-02 X X

AN YT NNIA AR AR A NIRRT TR NUVIEN189 I8 UARREN

A Y s o—zzll a ;3 %’/ : a o 1A o [ 1

wudnddFunufngansuaulaeanlosmiingumunidu 0.883 Alanfusailanfumdnuyis
dl o Y @ (23 '8 rdl a d%/ a

a1 danuunldduinganfueulaeenlesifniulnans@innazuaunsnanaa s

a % '
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Abstract

Project Code: RDG4630008
Project Title: Life Cycle Inventory for Cement Product and Steel Making
towards Sustainable Development

Investigators: Dr. Pongvipa Lohsomboon (Pongvipa@tei.or.th), Mr. Athiwatr

Jirajariyavech, Mr. Watcharapong Silalertruksa, Vuttipong
Predapattarapong
Project Duration: 1 January 2003 — 31 January 2004

The objectives of the project are to make a life cycle inventory for cement
product and steel making, to assess environmental impacts of cement product
through its entire life cycle, starting from mining, cement production to retailers’
distribution, and to assess beneficial environmental impacts of using wastes and
hazardous wastes from other industries as substitute fuel for cement kiln. Type 3
Eco-labeling for the cement product is also developed from the life cycle impact

assessment study.

From the results of the project, as per 1 ton of cement product, 973 — 980
kilograms of CO, are emitted. (unpacked to bag-packed, respectively). Most of
emitted CO, are generated from Clinker Burning process. Burning one ton of clinker
emits approximately 909 kilograms of CO,. From the life cycle impact assessment,
using wastes as a substitute fuel and by-product from lignite power plants as a
substitute gypsum in the Cement Grinding process, have lower environmental
impact. It is, however, dependent on distance between waste sources and cement

plants as well.

For the steel making industry, 0.883 kilograms of CO, are emitted from
production of one kilogram of billet. Electricity consumption in production process is a
major source of CO, generation, which is 62.50% of total emitted CO,. Therefore, an
improvement of production process, particularly electric-arc furnace, to enhance
effectiveness of electricity consumption is a key strategy for minimizing an

environmental impact of steel making industry.

Key words: Life Cycle assessment (LCA), Life Cycle Inventory (LCI), National
Database, Environmental Management, Cement Industry, Steel-

making industry
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Executive summary

The objectives of the “Life Cycle Inventory for Cement Product and Steel
Making towards Sustainable Development” are to make a life cycle inventory for
cement product and steel making, to assess environmental impacts of cement product
through its entire life cycle, starting from mining, cement production to retailers’
distribution, and to assess beneficial environmental impacts of using wastes and
hazardous wastes from other industries as substitute fuel for cement kiln. Type 3 Eco-
labeling for the cement product is also developed from the life cycle impact
assessment study. The results of the project can be used as the National background

database for further life cycle assessment (LCA) studies in Thailand.
Methodology of the Study

The methodology indicated in ISO 14040 series has been applied in the study,
including 4 steps, which are (1) Goal and Scope Definition ((ISO 14040), (2) Life
Cycle Inventory Analysis (LCI; ISO 14041 and ISO/TR 14049), (3) Life Cycle Impact
Assessment (LCIA; ISO 14042 and ISO/TR 14047) and (4) Life Cycle Interpretation
(ISO 14043).

The cement products in the study are Portland Cement class 1 and class %
unpacked-type and packed-type of 50 kilograms per bag. Functional unit and
reference flow of the products are per 1,000 kilograms or 1 ton. Production data are
collected from 2 cement plants in Thailand for the duration of 2 years: 2001 — 2003.

A life cycle inventory analysis of steel making product, especially carbon
dioxide (CO;) emission, is undertaken at the secondary steel-making factory in
Thailand in 2003. The gate-to-gate study includes transportation of raw material
(100% scrap) to the factory, which uses electric arc furnace (EAF) process for melting,
ladle heat furnace for refining and continuous casting, to finished product (Billet).
Functional unit is one (1) kilogram of billets with dimension of 3x3 inches and 80
centimeters length. Production data are collected from one steel-making plant during
January to March 2003 (3 months) and emission data from factory inspection in June
2003.

For LCI study of cement product, system boundary comprises of 12 unit
processes, which are 1) limestone mining, 2) shale mining, 3) raw materials grinding

and mixing, 4) lignite preparation, 5) clinker burning, 6) cement grinding, 7) bag
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packing, 8) loading on truck, 9) electricity generation and grid mixes, 10) cooling water
process, 11) use of by-product from lignite power plant as substitute gypsum, and 12)
production of cement bag. The study does not include a phase of cement plant
construction, mining and transportation of raw materials imported from foreign
countries, other pollutants emitted from domestic mining (SO,, NO, and particular
matter). Use and disposal phases of cement product are also excluded because the
product becomes a part of building construction and has a long lifetime.

A commercial software package, Simapro Version 5.1, and other LCA
research studies are used to obtain secondary data of some unit processes, which
cannot be collected primarily in the study. All data are compiled as input (raw
materials and energy) and output (wastes, by-products, CO, and other air pollutants
(such as SOy, NO, and particular matter)) of each process.

For the third step (LCIA), CML2 baseline 2000 and Eco-indicator 99 methods
in SimaPro version 5.1 are used to assess environmental impact of the cement
product through its entire life cycle. Environmental impacts are classified into 6
categories, which are 1) Global warming or climate change (kg of CO, equivalent/ kg
emission) 2) Ozone layer depletion at stratosphere (kg of CFC11 equivalent/ kg
emission) 3) photochemical oxidation (kg of C,H, equivalent/ kg emission) 4)
acidification in soil and water sources (kg of SO, equivalent/ kg emission) 5)
Eutrophication (kg of PO, equivalent / kg emission) and 6) land use (unit of
PDF*mAyr).

From the results of the LCIA, type 3 eco-labeling of cement product is
developed by adapting a pattern of the Norwegian Environmental Product Declaration
of the Norcem Industry Cement.

By using CML2 baseline 2000 method, beneficial environmental impacts of
using wastes from other industries as substitute fuel for cement kiln, and using by-
product from lignite power plants as a substitute gypsum in the Cement Grinding
process are assessed. Two following scenarios are compared:

1) Comparison between standard production with 100% fossil fuel and
production using waste (such as used lubricant oil, used tire) as substitute
heavy oil (3.4 % of total fossil fuel) in cement burning process. The study
calculates heat value of waste and fossil fuel instead of waste/fuel
quantities because at the same amount of waste and fossil fuel, they do
not generate the same amount of heat.

2) Comparison between standard production with natural gypsum and 100%
substitution by by-product from lignite power plants with two sub-scenarios:

(1) allocate environmental load of by-product in the financial term, and (2)

E-2
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assume that this substitute does not carry any environmental load because

it is a non-value waste from the Fuel Gas Desulphurization (FGD) process.
Finding of the Study
1. Cement Product
Life Cycle Inventory data of 2 types of Portland cement (bag-packed and
unpacked) is shown in table 1. The environmental impact occurred in each production

process of 1 ton of Portland cement (unpacked), assessed by the CML2 baseline

2000 and Eco-indicator 99 methods, are demonstrated in Table 2 and 3, respectively.

Table 1 Inventory data of bag-packed and unpacked Portland cement (per
functional unit: 1 ton)

Substance | Unit | Bag-packed | Unpacked
Raw material
Limestone kg 1.190E+03 1.190E+03
Shale kg 2.000E+02 2.000E+02
Lignite kg 1.630E+02 1.620E+02
hi alumina clay kg 5.040E+01 5.040E+01
petroleum coke kg 4.080E+01 4.080E+01
laterite kg 2.960E+01 2.960E+01
anthracite kg 3.890E+00 3.890E+00
iron powder kg 3.240E+00 3.240E+00
aqueous waste kg 2.320E+00 2.320E+00
ammonium nitrate kg 1.940E-01 1.940E-01
toner kg 4.320E-02 X
glue kg 3.370E-02 X
Na,SO4 kg 2.560E-02 X
sand kg 2.230E-02 2.230E-02
lubricating oil kg 1.790E-02 1.790E-02
NaOH (from kraft paper process) kg 1.700E-02 X
dynamite kg 1.220E-02 1.220E-02
Clay kg 1.990E-03 1.990E-03
Energy consumption
coal kg 7.07E+00 6.91E+00
lignite ETH kg 2.880E-01 2.880E-01
natural gas m® 2.32E+01 2.27E+01
petroleum gas m° 5.830E-02 5.830E-02
crude oil kg 1.70E+00 1.62E+00
High speed diesel m° 2.520E-05 2.470E-05
Low speed diesel kg 6.000E-01 6.000E-01
Heavy fuel oil kg 8.140E-01 8.140E-01
Waste oil kg 1.170E+00 1.170E+00
Reject tyre kg 7.170E-01 7.170E-01
energy from coal(PE) MJ 6.660E-01 X
energy from oil(PE) MJ 8.650E+00 X
energy from natural gas(PE) MJ 1.090E+01 X
Air Pollution

E-3
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Substance Unit Bag-packed Unpacked
CO, kg 9.800E+02 9.730E+02
(6]6) kg 4.600E-02 3.920E-02
SO, kg 1.36E-01 1.01E-01
NOy kg 1.18E+00 1.15E+00
N.O kg 3.740E-03 2.460E-03
methane kg 2.600E-01 2.600E-01
CiH, kg 3.000E-02 5.280E-03
non methane VOC kg 2.070E-02 2.040E-02
dust (from Cement mill process) kg 2.330E+00 2.330E+00
dust (SPM) (from Kraft paper and gypsum kg 7.580E-03 1.150E-03
process)
dust (PM10) stationary (from gypsum process) kg 7.470E-04 7.470E-04
dust (PM10) mobile (from gypsum process) kg 5.370E-05 5.370E-05
H,SO4 kg 5.700E-05 X
H,S kg 4.450E-05 1.380E-05
Na,SO, kg 8.760E-06 X
Pb kg 4.190E-06 4.140E-06
Cd kg 6.550E-07 6.530E-07
Cu kg 4.920E-07 4.920E-07
Cr kg 4.380E-07 4.310E-07
Hg kg 1.290E-07 1.210E-07
Water Pollution
Cl kg 2.680E-02 2.680E-02
Na kg 1.500E-02 1.500E-02
COD kg 1.260E-02 1.100E-04
sulphate kg 4.820E-03 4.820E-03
BOD kg 1.550E-03 1.090E-05
TOC kg 1.020E-03 1.020E-03
fats/oils kg 8.050E-04 8.050E-04
Fe kg 6.050E-04 6.050E-04
suspended substances kg 2.590E-04 4.620E-06
nitrite kg 7.720E-07 7.720E-07
nitrate kg 5.110E-05 4.990E-05
NH3 (as N) kg 4.950E-05 4.950E-05
Phosphate kg 2.630E-05 2.510E-05
VOCasC kg 1.500E-05 1.500E-05
Cr (1) kg 4.420E-06 4.420E-06
Cr (V1) kg 7.510E-10 7.510E-10
Pb kg 2.700E-06 2.700E-06
Cu kg 2.070E-06 2.070E-06
NH; kg 1.590E-06 X
SO; kg 5.120E-07 5.120E-07
Cd kg 1.330E-07 1.330E-07
Hg kg 4.500E-09 4.500E-09
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Table 2

Portland cement (unpacked), assessed by CML2 baseline 2000

Environmental impact occurred in each production process of 1 ton of

Impact Category Unit process Total
(unit per kilogram leiens;tnogne S.hellle Rav.v Cllnlfer Cejm(.ent
of pollutant released) mining materials Burning Grinding

Grinding
Global Warming 1.41 0.322 20.2 909 47.8 978.732
(kg of CO, equivalent/kg emission)
Ozone Layer - - - - 4.120E-06 4.120E-06
(kg of CFC,, equivalent/kg emission)
Photochemical Oxidant (kg of C,H, 3.020E-05 4.260E-07 1.160E-03 1.320E-03 5.180E-03 7.691E-03
equivalent/kg emission)
Acidification 6.220E-04 3.840E-06 2.230E-02 2.500E-02 8.570E-02 0.134
(kg of SO, equivalent/kg emission)
Eutrophication 1.470E-08 3.600E-09 1.660E-06 2.180E-06 3.090E-03 3.094E-03

(kg of PO, equivalent/kg emission)

Table 3

Portland cement (unpacked), assessed by Eco-Indicator 99

Environmental impact occurred in each production process of 1 ton of

Impact Category Unit process Total
(unit per kilogram Limestone Shale Raw Clinker Cement
of pollutant released) mining mining materials Burning Grinding

Grinding
Climate Change (DALY) 2.960E-07 6.770E-08 4.250E-06 1.910E-04 1.000E-05 2.056E-04
Ozone Layer (DALY) - - - - 4.32E-09 4.320E-09
Acidification/ 1.200E-02 1.920E-04 0.468 5.28 0.974 6.734
Eutrophication (PDF*mzyr)
Land Use (PDF*mZyr) 1.970E-03 7.390E-03 - - 0.208 0.217

While producing 1 ton of unpacked Portland cement, greenhouse gases as per

978.732 kilograms CO, equivalent are released. Clinker burning process creates
largest Global Warming problem than other unit processes. At this process,
greenhouse gases as per 909 kilograms CO, equivalent are released, followed by
cement grinding and raw materials grinding. For one ton bag-packed Portland cement,

980 kilograms of CO, equivalent are released.
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The LCIA results from Eco-indicator 99 (Table 3) and CML 2 baseline 2000
(Table 2) are compatible. As shown in Table 3, Clinker burning process causes more
global warming impact than other unit processes. Environmental impact occurred from
land use is 0.217 PDF*m?yr. Assuming that producing 1 ton of cement uses
0.0048556 m? of land per year, while producing 1 kilogram of gypsum uses 0.009461
m? of land per year (from SimaPro 5.1, due to lack of available public data regarding
gypsum). After making a characterization step by multiplying with equivalent factor
(SimaPro 5.1), the magnitude of environmental impact of cement grinding mixed with

gypsum, is higher than those from limestone and shale mining processes.

Table 4  Inventory data of cement product (per functional unit = 1 ton): 2 scenarios

Use of Gypsum Use of Fossil Fuel

. Unit Fossil Fuel qute as Substitutg Substitute

Air (per Substitute Fuel | Gypsum with Gypsum

pollutants ton) Environmental without

Load Environmental
Load

CO, Kg 9.810E+02 9.730E+02 9.780E+02 9.760E+02
CH, Kg 2.600E-01 2.600E-01 4.040E-03 3.980E-03
N.O Kg 2.460E-03 2.460E-03 2.450E-03 2.390E-03
SO, Kg 1.014E-01 1.014E-01 7.490E-02 7.330E-02
NOy Kg 1.153E+00 1.153E+00 1.140E+00 1.130E+00
NMVOC Kg 2.040E-02 2.040E-02 1.319E-02 1.310E-02
CO Kg 3.920E-02 3.920E-02 3.670E-02 3.620E-02
Particulate Kg 2.373E+00 2.373E+00 2.331E+00 2.331E+00

As shown in Table 4, air pollutants emitted during life cycle of 1 ton of Portland
cement product are different in 2 scenarios, which are (1) use of waste as substitute
fuel and (2) use of by-product from lignite power plant as substitute gypsum. It has
found that using wastes as a substitute fuel and by-product from lignite power plants
as substitute gypsum in the Cement Grinding process, emit lower air pollutants. The
standard production of 1 ton of cement with fossil fuel releases 981 kilogram of CO,,
while using waste as substitute (3.4% of total fuel) can reduce CO, emission to 973
kg. In case of using by-product from lignite power plant instead as 100% substitute
gypsum, 978 kg of CO, are released to the environment when considering
environmental load, while 976 kg of CO, are released without environmental load. It
is, however, depended on distance between waste sources and cement plants, as
environmental impact will be increased in consistent with amount of diesel used in

transportation.
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2. Billet

Life cycle inventory data of billet in 2 scenarios: (1) exclusion of scrap

transportation to the study plant and (2) inclusion of scrap transportation to the study

plant, are shown in Table 5 and Table 6.

Table 5 Inventory data of billet (per functional unit: 1 kilogram)
Substance Type Unit Billet Billet
(no scrap (with scrap
transportation) transportation)
Raw Material
Coal Raw kg 4.798E-02 4.983E-02
crude oil Raw kg 1.475E-02 2.390E-02
Dolomite Raw kg 1.760E-02 1.760E-02
Ferromanganese Raw kg 3.000E-03 3.000E-03
ferrosilicon (75%Si) Raw kg 3.250E-03 3.250E-03
Graphite Raw kg 3.800E-03 3.800E-03
lignite Raw kg 1.692E-01 1.703E-01
limestone Raw kg 7.880E-02 7.880E-02
natural gas Raw m3 1.691E-01 1.693E-01
scrap Raw kg 1.195E+00 1.195E+00
silicon manganese Raw kg 8.150E-03 8.150E-03
Emission to Air
CH4 Air kg 1.710E-05 1.710E-05
CO Air kg 7.960E-04 8.820E-04
CO2 Air kg 8.540E-01 8.830E-01
dust Air kg 1.050E-03 1.050E-03
NOXx Air kg 1.970E-03 1.970E-03
NOx (as NO2) Air kg 7.360E-04 1.010E-03
S02 Air kg 1.180E-03 1.180E-03
SOx (as SO2) Air kg 2.620E-06 7.550E-05
Emission to Water
COD Water kg 2.130E-05 2.330E-05
dissolved solids Water kg 1.790E-04 1.790E-04
dissolved substances Water kg 8.730E-07 2.100E-06
Suspended solids Water kg 9.330E-06 9.330E-06
Suspended substances Water kg 1.940E-07 1.940E-07
waste water (vol) Water m3 5.600E-04 5.600E-04
Solid Emissions
collected dust Solid kg 2.590E-02 2.590E-02
Slag Solid kg 6.630E-06 6.630E-06
slag (EAF) Solid kg 1.170E-01 1.170E-01
slag (LHF) Solid kg 1.080E-02 1.080E-02

E-7




Final report: the project ” life cycle analysis of cement and steel production for environmental management”

Table 6 Inventory data of billet (per 1 kilogram) by unit production processes
Substance Type Unit Scrap Electric Arc | Ladle Heat | Continuous Other
Transport- | Fuyrnace | Furnace | Casting Facilities
ation (EAF) (LHF) | (cCMm)

Coal Raw kg 1.85E-03 4.44E-02 3.52E-03 X 1.93E-05
Crude oil ETH Raw kg 9.18E-03 5.69E-05 6.61E-06 X 1.09E-03
Lignite Raw kg 1.04E-03 1.37E-01 9.63E-03 8.47E-03 1.39E-02
Natural gas Raw m? 2.51E-04 1.38E-01 9.73E-03 8.17E-03 1.34E-02
Scrap, external Raw kg 1.17E+00 X X X X
Scrap, internal Raw kg X 2.40E-02 X X X
CH4 Air kg X 1.39E-05 9.74E-07 8.58E-07 1.41E-06
CcO Air kg 8.65E-05 4.84E-04 2.89E-04 7.69E-06 1.41E-05
c0o2 Air kg 2.91E-02 6.61E-01 7.75E-02 2.87E-02 8.59E-02
Dust Air kg X 9.30E-04 1.19E-04 1.43E-06 2.34E-06
NOx (as NO2) Air kg 2.78E-04 2.00E-03 4.28E-04 9.42E-05 1.85E-04
SOx (as SO2) Air kg 7.28E-05 1.01E-03 9.46E-05 2.55E-05 5.46E-05
BOD Water kg 1.71E-07 4.09E-07 3.88E-11 1.90E-07 1.00E-07
CcOD Water kg 2.00E-06 1.37E-05 8.76E-10 6.98E-06 5.73E-07
Dissolved Water kg 1.23E-06 1.19E-04 6.35E-08 6.09E-05 1.08E-08
substances

Collected dust Solid kg X 2.46E-02 1.31E-03 X X
Slag Solid kg X 1.98E-06 X X 4.65E-06
Slag (EAF) Solid kg x|  1.17E-01 X X X
Slag (LHF) Solid kg X X 1.08E-02 X X

The results of the study demonstrate that as per 1 kilogram of billet production,

amount of CO, emission is 0.883 kg. Of this, 21% (0.182 kg) Is emitted directly in the
steel-making process while 79% (0.7 kg) comes from other indirect processes, e.g.
electricity, oxygen, lime production. Electricity consumption contributes a large
amount of CO, emission, which is 0.552 kg/kg billet or 62.5% of total CO, emission

from the billet production.

Conclusion and Recommendation

From the study, it can be concluded that LCA is a useful environmental
management tool to assess environmental impact of product or product function
during its entire life cycle, giving a quantitative result. Industries can use LCA studies
to improve their production processes or product development. Life Cycle
Assessment, however, is a complex method and needs sufficient database and
technical knowledge to be applied. It should be noted that the country should
construct an LCA technical road map and enhance capacity of researchers and

industries to be able to perform LCA studies. National database should be built by
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inviting researchers and relevant industries to join activities. The National LCA center
should be established to coordinate all LCA related activities and allocate the budget
for research and development. Furthermore, it is necessary to increase awareness of
various industrial associations via public participation in order to better understand

and share their information for the National database development.

To build the National LCI database, it should start from basic materials used in
general, e.g. paper, plastics (PE, PVC, PP, PET, ABS), glass, aluminum, copper,
rubber, gasoline, diesel, benzene, heavy oil, etc. The next step is to study other
secondary materials. These data should be “gate-to-gate” collected, which defines by
collecting mass/volume of input for the production process of each plant and output at
the end of the production line. Nevertheless, it needs close cooperation among
researchers and industry from upstream to downstream factories of each kind. There
are two ways of data collection: (1) collection of primary data at each factory, or (2)
asking for cooperation from each industrial association or via the clubs of the Federal

of Thai Industry to fill in the data survey questionnaire and verify data afterwards.

Inventory data from this project, particularly CO, emission, provide a
background data for researchers and industry to further perform LCA of other
products, which some parts are composed of cement or steel. The CO, emission data
can contribute to the National greenhouse gases inventory, of which Thailand as a
developing country should submit to the United Nations according to the UN
Framework Convention on Climate Change. However, inventory data from this study
are only from Portland cement. There are many kinds of cement products that have
some different components, thus consuming different energy in production process
and having different energy from raw material acquisition. Furthermore, the distances
between sources of raw materials to the plants, and the plants to their retailers are
also an important factor due to gasoline/diesel used, hence GHGs will be increasingly
released to the atmosphere. Other influential factors for GHGs emission are

technology used and the energy management policy applied in the factories.

Most cement plants usually acquire industrial wastes from other industries (e.g
used oil and used tire, as substitute fuel in cement kilns.) There is some limitation of
waste usage due to low heat quantity and high amount of heavy metal or other
hazardous substances contained in some certain wastes. In the study, using wastes
as a substitute fuel have lower environmental impact than using all fossil fuel.
Therefore, it can be concluded that this is an effective waste management plan in
Thailand. The cement industry should conduct an additional study in order to use

more wastes without lowering the quality of clinker.
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For the steel making industry, electricity consumption in production process is
a major source of CO, generation, which contributes 0.552 kg of CO, per billet 1 kg or
62.50% of total emitted CO,. Therefore, an improvement of production process,
particularly electric-arc furnace, to enhance effectiveness of electricity consumption is

a key strategy for minimizing an environmental impact of steel making industry.

This research project is a cooperative work between LCA researchers and
industries. It enables both parties to share their knowledge and experiences as well
as establish objectives of the project, data collection method and research direction,
together. Therefore, data obtained from the project is more reliable and the study

results can be used effectively by both parties.

Limitation of the Study

The LCA study in Thailand is in an infancy stage. There are a few domestic
inventory data available to public. Therefore, a commercial software package,
Simapro Version 5.1, and other LCA research studies are used to obtain secondary

data of some unit processes, which cannot be collected primarily in the study.
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AININENUATANNINAMUTHUFUD9 Cement Sustainability Initiative 1| 2542 Wi
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NARINNA (A137199 2.1)

A1599 2.1 BRnunandnuius luusiavssme sendet) 2536-2542

] o Y o RS
ningl : WUAUAURRT]

Uszina 2536 2537 2538 2539 2540 2541 2542
Afghanistan 115 115 115 116 116 116
Albania 200 200 200 200 150 150
Algeria 6,400 6,060 6,822 6,900 7,000 7,800
Angola 250 250 250 270 301 350
Argentina 5,647 6,276 5,447 5117 5,447 7,100
Armenia 200 100 228 282 282 310
Australia 5,500 6,500 6,500 6,500 6,500 6,500
Austria 4,941 4,828 3,843 3,874 3,852 3,850
Azerbaijan 600 500 200 200 315 201
Bahrain 225 225 197 193 172 230
Bangladesh 275 280 280 285 285 900
Barbados 62 78 75 107 173 259
Belarus 1,900 1,488 1,235 1,467 1,876 2,035
Belgium 7,612 9,000 8,700 6,996 7,001 8,000
Benin 506 465 579 580 550 520
Bhutan 108 120 140 160 160 150
Bolivia 654 768 892 934 1,035 1,050
Bosnia and 150 150 150 150 200 300
Herzegovina

Brazil 24,843 25,230 28,256 34,597 38,069 43,000 43,000
Brunei - - - 100 400 400
Bulgaria 2,007 2,200 2,070 2,137 1,656 1,700
Burma 400 470 517 505 516 365
Cameroon 620 620 620 600 620 450
Canada 6,672 10,584 10,440 11,587 12,015 12,064
Chile 3,021 2,995 3,275 3,634 3,735 3,750

China 367,880 421,180 475,910 491,190 511,730 513,500 520,000
Colombia 7,930 9,322 9,407 8,907 8,446 9,190
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Uszina 2536 2537 2538 2539 2540 2541 2542
Congo (Brazzaville) 114 87 96 50

Congo (Kinshasa) 149 166 235 157 140 120
Costa Rica 860 940 865 830 940 1,180
Cete dnlvoire 500 1,100 1,000 1,000 1,100 650
Croatia 1,683 2,055 1,708 1,842 2,134 2000
Cuba 1,049 1,081 1,470 1,453 1,713 1800
Cyprus 1,089 1,053 1,021 1,022 910 1,200
Czech Republic 5,393 5,303 4,825 5,015 4,877 5,000
Denmark 2,270 2,430 2,584 2,629 2,683 2,528
Dominican Republic 1,271 1,276 1,453 1,642 1,835 1,885
Ecuador 2,098 2,164 2,616 2,677 2,688 2,690

Egypt 16,000 17,000 17,665 18,700 18,100 19,203 20,000
El Salvador 861 850 890 948 1,020 1,077
Eritrea - 45 50 47 60 50
Estonia 500 402 417 388 421 321
Ethiopia 350 464 611 650 750 775
Fiji 80 94 91 84 84 80
Finland 835 864 907 975 905 903

France 20,464 21,296 19,692 19,514 19,780 19,500 195,000
Gabon 132 126 154 180 200 196
Georgia 300 100 100 85 91 85

Germany 36,649 36,130 33,302 31,533 35,945 36,610 37,000
Ghana 1,203 1,346 1,300 1,500 1,700 2,000
Greece 12,618 12,636 14,480 14,700 14,982 15,000
Guadeloupe 230 230 230 230 230 230
Guatemala 1,119 1,200 1,152 1,090 1,280 1,500

Haiti 100 75 - - -

Honduras 723 1,100 721 9562 980 1,250
Hong Kong 1,712 1,927 1,913 2,027 1,925 1,539
Hungary 2,533 2,813 2,875 2,776 2,811 3,000
Iceland 86 81 82 88 101 100

India 53,812 57,000 62,000 75,000 80,000 85,000 87,000

Indonesia 18,934 21,907 23,129 25,000 27,500 22,000 25,000
Iran 16,000 16,000 16,300 16,500 15,200 17,000
Irag 2,000 2,000 2,108 2,100 1,598 1,700
Ireland 1,450 1,623 1,730 1,933 2,100 2,000
Israel 4,536 4,800 6,204 6,700 5,400 5,400

Italy 33,771 32,713 33,715 33,327 33,721 35,000 35,000
Jamaica 451 445 522 557 591 558

Japan 88,046 91,624 90,474 94,492 91,938 81,328 80,000
Jordan 3,514 4,000 3,508 3,415 3,251 1,386
Kazakstan 4,000 2,000 2,616 1,120 661 600
Kenya 1,417 1,452 1,566 1,816 1,506 1,200
Korea, North 17,000 17,000 17,000 17,000 17,000 17,000

Korea, Republic of 47,313 50,730 55,130 58,434 60,317 46,791 55,000
Kuwait 500 1,000 1,950 2,000 2,000 2,000
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Uszina 2536 2537 2538 2539 2540 2541 2542

Kyrgyzstan 700 40 300 500 658 710
Laos 7 10 10 9 9 9
Latvia 300 244 203 325 246 366
Lebanon 3,000 3,450 3,538 3,700 2,703 4,000
Liberia 8 3 5 15 7 10
Libya 3,800 3,210 3,550 2,524 3,000
Lithuania 1,000 736 649 600 714 788
Luxembourg 720 711 714 667 650 650
Macedonia 499 486 524 491 500 500
Madagascar 40 40 80 120 120
Malawi 127 122 139 91 176 175
Malaysia 8,797 9,928 10,713 12,349 12,668 10,397
Mali 20 15 13 12 10 10
Maritinique 220 220 220 220 220 220
Mauritania 111 374 120 100 80 50

Mexico 27,120 29,700 23,366 25,366 27,548 27,744 30,000
Moldova 100 39 49 40 122 74
Mongolia 82 86 109 106 112 109
Morocco 6,350 6,350 6,401 6,585 7,184 7,200
Mozambique 20 60 60 180 220 290
Nepal 274 316 327 309 225 280
Netherlands 3,078 3,180 3,180 3,140 3,230 3,200
New Caledonia 90 90 100 100 100 100
New Zealand 800 900 950 974 976 975
Nicaragua 255 309 324 360 310 336
Niger 29 29 30 29 36 35
Nigeria 3,200 2,627 2,602 2,645 2,520 2,700
Norway 1,344 1,444 1,613 1,664 1,724 1,676
Oman 1,000 1,200 1177 1,260 1,264 1,300
Pakistan 8,321 8,100 8,586 8,900 9,001 8,901
Panama 571 615 615 647 700 750
Paraguay 490 570 635 620 620 556
Peru 2,500 3,000 3,000 3,848 4,300 4,340
Philippines 7,962 9,571 10,554 12,429 14,681 13,338
Poland 12,228 13,834 13,914 13,959 15,003 14,970
Portugal 7,617 7977 8,123 8,455 9,395 9,500
Qatar 544 469 475 690 692 700
Romania 6,240 5,998 6,842 6,956 7,298 7,000

Russia 49,900 37,200 36,500 27,800 26,700 26,000 27,000
Rwanda 60 10 10 15 15 15
Saudi Arabia 15,300 15,000 15,773 16,437 15,400 14,500
Senegal 590 685 694 811 854 1,000
Serbia and 1,088 1,612 1,696 2,205 2,011 2,300

Montenegro

Singapore 2,980 3,100 3,200 3,300 3,300 3,300
Slovakia 2,500 2,700 2,902 2,802 3,017 3,000
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2-8

U

Uszina 2536 2537 2538 2539 2540 2541 2542
Slovenia 707 898 991 1,026 1,113 1,100
Somalia 25 25 25 30 30
South Africa 7,356 7,905 9,071 9,000 9,500 9,500
Spain 22,878 25,150 26,423 25,157 27,632 27,943 28,000
Sri Lanka 676 925 984 928 965 1,100
Sudan 250 160 391 380 291 300
Suriname 50 60 60 60 65 65
Sweden 2,162 2,163 2,539 2,447 2,253 2,105
Switzerland 4,000 4,370 4,024 3,638 3,568 3,600
Syria 4,500 4,500 4,463 4,500 4,460 4,500
Taiwan 23,971 22,722 22,478 21,537 21,622 19,538 21,000
Tajikistan 300 200 100 50 35 18
Tanzania 315 320 300 275 300
Thailand 26,870 29,900 34,900 38,600 37,309 30,000 34,000
Togo 350 286 440 413 421 565
Trinidad and 528 583 559 617 653 690
Tobago
Tunisia 4,269 4,606 4,938 4,567 4,431 4,590
Turkmenistan 1,100 700 437 451 450 450
Turkey 31,241 29,493 33,153 35,214 36,035 38,200 37,000
Uganda 50 36 85 180 203 210
Ukraine 15,000 11,400 7,600 5,017 5,098 5,589
United Arab 4,000 5,000 5,918 6,000 5,250 6,000
Emirates
United Kingdom 11,039 12,307 11,805 12,214 12,638 12,409
United States 75,117 79,353 78,320 80,818 84,255 85,522 87,300
Uruguay 500 707 585 685 781 960
Uzbekistan 5,300 4,800 3,400 3,300 3,300 3,400
Venezuela 6,842 6,927 7,672 7,556 7,600 7,867
Vietnam 4,200 4,700 5,200 6,600 7,500 6,000
Yemen 800 800 1,088 1,040 1,229 1,200
Zambia 350 280 312 348 384 400
Zimbabwe 1,000 1,070 968 1,000 1,100 1,100
‘1'71|m: 912411 Global Network of Construction: www.global-cement.dk (2000).
o
nMazaasIunssNY udinunuasine
241  A19ENISHAR
Tudagsenaned w.A. 2532-2535 §gunaliinisdadinliinsaauitugaanns sy
1 14
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Tnsinanasne Tssauinliiuayninannulseuapaunssy Iilsznaufianisiinendas

o ¥ =

AugRAMNITNYWTNLANA MY 327 T99eu (faya tu Hunan 2546) Taeffunninisnan

| |
= =

wazng i uudsnisdssmaAifinanIuEes ) HesainANseens iy ummuslu

D

a % 1

dszmenegeda 36 §1uU uideNaTeINIIATHgNANYARIeENIsRIleAININY A
iAsegialull 2540 memmmwgﬁ@ﬁﬁaiﬁuﬁq i lAnuseIn sl uimus luilaqii
widaedszinm 18 &y susimdinienandenseg@ 51 1wl sinlWdesdeeen
AR DTIEULN Y

flqtuprudasnslduiunlulsmaasnssinegfissdy 1820 & e
aeInefia leNe AN TRt Lﬁmmﬂmq:Lm‘]ﬂgﬁ@ﬁaiﬂﬁuﬁaﬁﬂ (P37 2.2) Wil 2544 i
naNaRLlszan 50.75 Ausiusial] dountandntjuiusilasnuaus (Portland Cement)
wasuTuinasfinandaifsduanntineufesay 3.4 lnefitdnsudnedd 20.60

UL UTNWALEIR (Clinker) HERINsIENLFREN 4.4 (19199 2.3)

Aean 2.2 Anudeenns i lullasing szudnadl 2540-2544

PHRHGHT il
2540 2541 2542 2543 2544
ButuANNAaINT I (Audu) | 36.00 20.63 18.70 | 18.02 | 18.45
ARIINITVLNEIFD (%) 2.1 427 9.4 -3.6 2.4
N3ENYFAIVBINAN AT (%) -26.2 -37.5 -11.0 -10.2 2.0

1 1 eunganauazgaatngsy U 2544 uazuwalinluswian. dhedde LInEMRuugRAMNIINL

Uszimnalne.
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A9 2.3 NN SARUT U 9xmdnaT] 2539-2544

Uszinnaeaudimug 1FUNUNTUAR (R1usUseT)
2539 2540 2541 2542 2543 2544
(M.A.-N.81.)
dudinusnanuazlasauaun 3875| 3712 | 2272| 2535| 2550 20.60
Fmsnnsilanuutlas Geeaz) 13.8 4.2 -38.8 11.6 0.6 3.4
Yudiuusiiin 3335 | 37.17| 2552 30.90| 29.40 24.48
Fnniaasuudag (Gazaz) 13.2 1.4 -31.2 21.1 -4.8 4.4

= .
NN ﬁmmmmﬂi:mﬂim

1 < = Y o a = rd‘ 1A
adnslafimnteuddnaninaestszmalnaieazanunsnnanuiwmuangandian
wae UszinAluieide wiaannisidnresanigenidnisrassinasieusl 2543 uazniay
NINARNgIAUANNFaINITeIRatn  inlisAunisdsaanatatzansioas A liisEm
Yudinuidnafuazauinlundradislunumuasinlilaseairsaesgnansss
Wazuwlas (119199 2.4) annisdsennnulutl 2544 aradn UsEMYwTius ine Jdauui
dl A v | a o = [
nnsnaalulszimAnnign Ae fesar 39 sevasndy LFEvumNUAUATAdSUAY

1599 Nile Wau Hdndusacay 25 wardasiay 18.5 AMNATAL

A9199 2.4 e dNan W e MnjuasANAINTHART WHINUE

AHAPIL
Medednan ManInae | dndaunisiaiuaes Usndnunan i e
@ wsusell) | UTEnINNTR (%)
1. wEnuiuslng anin 22.00 - -
2. UTEMuEmNUiUATIANN 12.30 28 Holcim
(%'alﬁu Holderbank Financiere Clarus)
3. udndinle Twau 9.00 73 Holcim
4 u?ﬁwgu?ﬁmuﬁmﬁﬂ 5.00 N/A Ciments Francais (ﬁJi{‘iLFm)
5. UMTALsTN1uT I 1.70 54 Ciments Francais (el5a1Ag)
6. Uit lnaanilun 0.15 - -
7. USEMATTLFTINUG 0.40 N/A Cemex (1Ind1n)
8. UTHNaTARTINUG 0.20 - -
794 50.75

11 sunAnswislssmAlnguazaInnIsa AN NAR (2544)
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a Y a a = g dll %
AN 2.5 mem@mLL@zmummﬂuumuumLL@sz@wmmwm

Hwas TG EOIT ] VG EOIT ] TG EOIT ] G EOIT ]
BAN Uafauauaassnnt  UefnuaudnAs 2179
1. USEmjudiuding Aann \@a g bl F19919
2. UTEMUTNUUATNAIN unauvae W9 3 N9 -
a v aa a = o
3. 1sunanle wau aen WA AN -
4. 13¥m)uTusie s pantia N\ - -
5. 13maalsznnudius i1 Wiy WA Adlen WEYIUIA 7 9 -
6. L3WNATAAT LG fla - - -
7. UB¥nass ST 396 AL - -
8. i3unlnsaniiun In - - -

AN: 419413N198300 ISSN 0125 1544 1191 43 i 2 T 2541
242 nzn1siLan

szmalnafinistindnanas daustl 2540 Wufunn wazlull 2543 J1lFu10uindn

INEI 8,448 i anaatl 2542 NHLFHNU 19,368 Fiud iTaanadsatiaY 43.6
2.43 A19EN15/9IRaNn

@m@mmmié’ﬁmmamﬁ@mimﬂ@ﬂmﬂ%u Satlaguanidafidunsudndie
pevauesluszmawind Wl 2535 mma‘mmamﬁﬂm@@ﬂguﬁmumﬂﬁﬂ?zmm 77,960 Fiid
aulul 2543 (A9l 2.6) Wud awnsndseenyuFunsldiiAuszanm 1517 fu dya
ANNINNTT 12,000 A1ULN

nsdaanyuiuiidalull 2544 (u.p.-6.0.) Andudndeuiasay 56.6 1991Fu00
nsdRenuARTT U muiiomn TS0 6.65 A1usu yar 4,535 Suum sty
4.6 WA 19.3 ANNAAL mmmmm’q@@ﬂﬁzﬁﬁﬁmﬁ@m A UszAtiapa e Fasas 31.9 384

= % %

AN NTUNLAWINTREAY 11.4 muzwﬁ*gﬂLm?mﬁmmumm'q@@ﬂmfﬁﬂ 10.2 apadanNt

2543 FaRdndauiasazie 31.6
Amiunisdeaaniutmusilasnuausd Andludndoniesar 43.0 a89funuNI9d
aanyianNa NN 4.97 AUl yar 5,382 duum aanaiandidAnyvedinade

%

anigeuiing Adndeunedenas 52.5 (13199 2.6 4AT M13I9N 2.7) WARNNITENLFIANAS
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annl 2543 Wasanndguas 1Hun dezmanauinn au wazladuidy sevaeniflullszme

WHY TNYTT wATAND

andeyanasnsuninensssi lwll 2544 wudinaslddngaunanlunisnantju

Hnws Ae wsiuu Jlunnnisuanustiulu (Limestone) ivaldluananunssuyfugimusd

dszanny 47 duwsu BaAaduyaAlsziin 4,000 duum Taainisndnieiinnldlu

UszmANINDL 45.5 Ausiu Aniluyadn 3,870 AuLn (19199 2.8)

ANs19N 2.6 BNnunsdseanyuiiuus sxndnal 2541-2544

Buins A s
AR Fuum
Uszinm 2541 2542 2543 2544 1enen 12543 | weneda 12544
B | dad | Bunn| dad | tsunnd | warn | s | gadn |1Bunne] dadn | tsunnd| yadn
Ywinudidn | 7.207 | 5633 | 8933 | 5620 | 8371 | 5172 | 6538 | 4535 | 63| -80| 46| 193
Yudinud | 1.833 | 2470 | 5281 | 5673 | 6.757 | 6,707 | 4.969 | 5382 | 279 | 182| -56| 54
tasnuaud
Yudinud | 0476 | 702 | 1.327 | 1,359 | 0.040 | 169 | 0.044 | 199 | -96.9 | -87.6 | 733 | 93.9
dun
99 9.516 | 8,804 | 15.541 | 12,652 | 15.169 | 12,048| 11.557 [ 10,116 | 24 | -48| 01| 123
Fan: NINLATHFNA NITNTWNETE
M15197 2.7 dndaunisdeeanlunanidfty audssnmudnsined szudnet] 2542-2543
dndaunazilszian  |pzduaannane | nandszmmiewtu | nguandeu | awsgawiEnm | dszwmadue | saw
Andull 2542 (%)
Yuin 96 1.4 15.3 23.2 505 100
Uafmuaus 0 235 4.4 50.2 21.8 100
B a7 16.5 13 67.7 9.8 100
9 5.9 10.2 10.4 36.2 373 100
Andaul 2543 (%)
T 3.1 2.7 13.9 27.6 52.7 100
tafnuaus 0 23.9 6.6 53.8 52.7 100
Bl 0 273 10.2 25 60.0 100
9 1.7 12.2 10.6 39.2 36.3 100
dndaull 2544 (w.A.-4.0.) (%)
Yuin 57 1.7 9.1 10.2 63.3 100
Uafauaus 0 24.6 1.3 52.5 21.6 100
B 0 24.4 13.8 25.8 36.0 100
9 32 17.3 5.7 285 45.2 100
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pziuaannan |nquidssinAiNauliny| nauandau | ausgawsm | dszmAaue | 5o
nsuldsuundasfaiigunudiuRginueastinau(%)
Juiin 443 2957.0 -28.1 66.1 30.5 4.6
Uasauaun n.a. 9.2 1.3-78.8 52.5-15.8 21.643.4 100-5.7
AU n.a. 67.9 199.9 1007.7 0.6 73.3
PPy 44.3 73.7 -41.3 -35.2 32,9 0
py = - o = .
NH: mmLﬂiﬂgﬂ@mamzmwmmmj mummimﬂm‘mwmunu@mm‘miiuLLMQ‘}J%LV}MWH
a a | [ o [ 1o a al'
15199 2.8 UFHIUNNTHAR N19R9a8N ﬂ’]ﬁ‘GLTLLZ\]::ﬂ’YEu’]L‘Iﬂ‘ﬂﬂxﬁLL?QMQ@UWi‘ﬂU@ﬁIWlMﬂ@?N
= & o
gumuum e Au
AR AU
HE G aRy 2540 2541 2542 2543 2544
pIELY) YA IELT YAAn IELT YA IEGLT YAaAn SIERLNt 1A
1FUNUNNTNGR
- uwaulaladm 292,441 133.0 162,057 100.7 203,850 94.0 255,472 112.5 310,720 149.4
- Sy (unground) 8,557,584  4,030.7 4,333,804 28447 | 5005173  2297.3 | 5830326 25558 | 6,190,814  2,977.8
- usuiu 58,757,086  4,994.4 | 36,593,052  3,110.4 | 48305955  4,106.0 | 43491950  3,693.8 | 46,984,285  3,993.7
- Autuana(Marl) 9,543 0.8 6,995 0.6 32,044 2.7 7,290 0.6 7,755 0.7
- #iuAuATU (Shale) 5,387,424 484.9 2,703,523 2433 | 3223186 290.1 3,110,203 2799 | 3,364,211 302.8
RSN 9,643.8 6,299.7 6,790.1 6,645.6 74244
wlafifus 35.6 28.6 29.1 28.7 30.5
1fsuntunnsdeann
- waulalaim 290,970 153.3 150,630 94.1 149,500 70.8 272,240 120.7 264,020 128.6
- il
- ground 7,280 11.0 3,151 7.0 2,453 5.2 4,010 10.4 2,816 7.2
- Unground 5977284  3,114.6 3561425 23016 | 3645528 17376 | 4,199,336 18366 | 4,249,327  2,068.6
FUTINNA 3,278.9 2,402.7 1,183.6 1,967.7 2,204.4
ilafifus 48.87 26.52 24.46 22.39 20.27
1ununsld
- uwaulaladm 5,000 3.8 6,900 43 14,900 6.6 548 0.3 962 0.5
- dudu 1,991,631 900.2 1,173,051 750.3 | 1,607,882 732.1 1,645,202 7232 | 1,744,229 839.0
- sy 55,076,038  4,681.5 | 36,206,167  3,077.5 | 48,910,768  4,157.4 || 42246576  3,590.9 | 45,519,058  3,869.1
- Autjuana(Marl) 10,073 0.9 7,895 0.7 32,544 2.8 7,790 0.7 7,855 0.7
- fiuAuATYU (Shale) 5,312,900 478.2 2,720,087 2448 | 3,204,403 288.4 | 3,156,918 284.1 3,183,096 286.5
2NN 6,064.6 4,077.6 5,187.3 4,599.2 4,995.8
iwlafifus 23.96 20.31 22.85 19.98 20.71
1Fununisindn
- uwaulalndm 176 19 4 0.0 4 0.1 8 0.1 4 0.1
- gddu 78,974 52.4 315 4.8 239 4.0 133 2.6 137 1.8
- usfiugu 23 0.1 62 0.3 50 0.3 142 0.7 460 1.7
FUNTINNA 54.4 51 4.4 3.4 3.6

AN 99U99NANNIENNUENSAT R NBINIWENNIFITS 2545
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25  nszusunsuasludinuslasauaun

o

TunseuaunINAMuTHUE HdunounInaaNdAty A

=he

251 NISNILUNDY

3
o

o A dl [ % a 173 ZJ/ % a =2 o ] o A
ﬂ'ﬁ‘j‘V]’]Lﬁll@QLWﬂu’]’JﬁlQﬂUN’ﬂﬁuu AaINANTTUNDNTTAa s 7l PNU

A

AR BRTINTT
o . A 4y 4y . . o N s
HAR ANBUTUNASY aanfedlsey qanaeresdnil Reauladudannden Tnaddu
ABUNNINLUNRY 2 TuRau Ag
:I/ 3 v A dl = a a) A a
1) dURAUNNIRENENYEMNeY  WewsaNngean  tnanisdladdensunas
W Iduvtinmiesnnfanientsuanus foduniave Midudunteuan
Tunn9ruus naenaulFuNuNLAza31981ANI5N4
2)  duReUNITHAMLT Uszneusag
- v @ o o = = = =
- w1z (Drilling) AR UARRLINTRINWIRES  TIN1TABNLATEN
49{ 1o o o dg’ A [<3 a o v ?:/ a
lwzauegAuaduasil Aa Auudsnesiiu Anwuzlaseaiaaesiuiu
LAZUIUNATDINGNLANY
= . dl A | ?.’/ dl o o o r:i o
- n9suidie (Blasting) Gedadniludunaundrdnuazdunsangalunisin
wies fadefnaadasliun auauaznsuanNI99din. N19ALANTILLEN
o p R
WINFUAZNBL LazAn ldany
- M9en (Mucking) daulnnjaziaansnfnawinlun) auautiesAl o
N9RIAANINTOFNUILIALEN wAsed lEuane AL
- nn9auLs (Hauling) wlunsauusldwniilselulneld Rear Dump Truck
- nsldvisatienus (Crushing) Taavinlizastiaslulsssuuisusaziily

wirasldaunalugIanuaiunsnlunisluasus 1,000 fwdalusauly

Tnewinludamilasazfiasmanuiiunmanudiesnis unisldfsunniiu ulunisuans
Tugnariie) dew antidshinmwniunlunissadn neaziuwinifinnsfiugluisieanis

a a g’/ dl ¥ % 1 a o !
@fzmmmﬂ?‘mmuugumumw mmmmwmamnwmLLumm\melu (2.6 AURBFATNLNET)

A
%

dl =K ) o A dl k% I a Aa 2//
Lu@mmﬂ?‘mmfwmmmmmmwummmm NN X 819 X 43 LL[?]ELuﬂ']ﬁ“j‘tLUﬁﬁuﬂuuquﬁ\‘l

%

v 1
NuarsesinuarNgslunsssidatuiiu (bench) Glu@fgﬂul,ﬂmsr/‘fﬁﬂ@@mﬁﬂ 1n# bench

v
v a

AYNANLIITINY 12 W9 TOleNIUANgITesTuiuwAaasin s LDeNuAmimies
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[ o

(N33 x 817) AFRIWINNIIdalAENIIAIMNANIAANART AINTINNNIYATNUNUTINAL
dl a a dl 1 = =& 1 o = 1 1
WaisAusziiinatly Tnemusiazgaslanu@nyiniuaANgI9e bench uAzHIzITUNIENINNGg
13e3n04 7-9 AT N9 Bazisveinaserdnaunalssann 4-5 Wns

TumedJuiRnnsinmiesiuyureslsuasinsssdaiulus wunuinndnaes

[ a o

FaaN13atlEuan INan1TUs U ATADALLATNANIUILNNINIWINEY A9FaININN99ITR

q

Wldnsmazuan ieivlildluseunisuanaws) deld Inenluwsazaimazuiunlunig
suilln azdiasinnisgagiieliudaetneiiululuisnnnagiinisssidailansaaeinu
a 4 oAl a A cAa v A 1 =
nwresiiuyuneudnldiulszneuresunniiiieneanlafinuiesas 3 vivald wndFunn

a o dl ° ¥ 1o a A a ?:/ dl a & !
nuszAuniuualdazldninisssidaiuluynutiuiesminuuniidaseanladazadua

NITNUFDNITLIUNINART WL

a a a dl ¥ I dgj ' ¥ dl ] a v
Muguu@wumumuﬂmmmumu aggnudATaseiaediulERIuNALsENNng 25 N,

waztNnaniuludnandan 3:1 e ldiduingAundnluniawsaunisuanyuiwusisely

252 NSEUIUMSIATENIANAL NISERY WAZNITUA

a % o o a

Tunamsandngau  AewndngALNIAATidulszna LN AU N NIASY

Q q

dounaz 1 lunsufa i

a a el o o al A a =)
NILLIUNNIHANY WTNUFNANATYN 2 Wiy AR nIse@nkuLilen (Wet process)

a Y A a = el d? o
LASNITHARLLLILILUS (Dry process) ﬂ’W?L@ﬂﬂﬂ?ZUQuﬂ”lﬁ‘N@ﬁlﬂ”usﬁmulﬁmﬁlﬁ TR b I ErVialo¥!

o dld ] o a j a 1o a asa & | o
LL'WVIEJ@%EL‘LL’JMQ@U TIANUBILTRLNAN LLW@\?ﬂ’]LHﬁh\Iﬂ’] ’JﬁLm_IEJ‘u AARAAUAITNANILANDUBN

o a

1 ¥ dI ZJ/ Qddﬁl 1 o ac = o a dl ¥
FIt) AUNaULad AN TNARI FUANAUANIBNTIATUN] FIt) AuatladLALHN

a

M NdnnALTUNITLIUNTNARLLLIL - dounana89ingALRANALALLASLAY

wimdn azgnilewdngudeuningavaaiuiuy Vertical Roller Mill IneianFaugnmni

szanns 200 avALTaEea Iautindlanonady uaziwadRgaungnuasziasaauls

q

o LA A o o o o a 1y A ¥
AUNALLATIRARNHNN EQ"J‘LW]Lﬁ@@qzﬁq]ﬂ@qLﬂﬁlﬂﬂ@UiﬂN@ﬁJﬂU’)mq@umﬂﬂuml"lﬂ"ﬂﬁllL‘Wﬂ‘]_lﬁeﬁ']'ﬂﬂ

pfaulsruInazidaaneanan INnILe  antuin iy lulala Tnalpraufamasao

i 1
=

o = o Yo a A~ A = [ .
ANTTULANALN wﬂmmqmuwimﬂummmmnu (Homogenizing)

a

nswzeNdngaLlunszuaunsNaRuLLLTaN aziedRgRUNNTRaNTauLAq 1

q
v

lduaniuinmnRnnndngauludewsranme (Wash Mill) 1adusin@y (Slurry) anniuum
TildauazRunwinfifesnis naunazdadamiiesyme Tailaqiiulsasuugmusly

tszmalneliinisldnisuanuuuuuuileniiuga
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253 mewudiuug

N luilaqiiudaulugjifuiuumiug (Rotary Kiln) #aifluwmannangi
N99NITUANLNLIsTNINL 50-150 WAs Hawauriugueanaalssinn 2-4 wns tnedu
dugudnansuazauamuanseivilauindgmisngn  ewm@dmldlunismnenaiy

fudiuuen (veaanusiun) Widiavzaing nnaluanmnudasagnulingusausialuug

a9 9
|

al 1 £ 1 al a al U al o dl [~
\Beaenedn 7 dsznnnd 1-2 sausiaun FanudeeannianadrenilanlildslanaNaanian

e gnmnannlnszann 1,400-1,500 a9ALTALTEA

'
a A

> - o A o a X ' Iy o
AURAAUNITENILTHANNNITANALRIFANALUNLUANC LA @muiﬂﬂ@ﬂu Iﬂﬁlﬂ@umﬂm’m AU

q
2

UuwAaReE 7 HIuAuANTed Cyclone 5 du Nanfauluaniuwatunieiudng

Q

a

AU (Counter
. A a = Y o o y 9 =
current) LAY Pre-calciner VI‘QQAMQNQQ 870 AdANLTALTUA ANNUUANALLLNNNALN TINE

a

Tundawnazilagnuln (refractory lining bricks) aifiuaufaulinialuuariidiluge

&9

1 1%
A

wauldvinusimsinge M iy guiiaunvadiunn wdalidznzAuanfeunaziiuaannis
dags lihszmeeanainiiiu duhuniissmeeenldieudalidudanan dauin
windanediafievise lndimeaiy Winauiiuldiduge induargninlifenauiEes uay
-ﬂl v =2 = @ Aa [~3 QI '8 I dl @ A dgl
\HaFauia 800 — 1,000 asAtald@aad WahuiazEuamafueulaeanlofeen Wewdnauil
Founeliigunnl dsennns 1,450 esAaias aziaUfisenianiidasudugudes
(Clinker) uazvinliifiufiansd Clinker Cooler 1Nl uaNNunNsLELAaAY UARAN
1,000 a9AEALTHA WAe 100 avAmaliea Wwaliiialasuaaliendamnn (C,S) Nnige

TuanugiudaBuudasn anduaiuludaudaaannisnuans i ludadiu
a ©
254 msumudisin

YudanfiulFludsllualuasesuawuuiuda (Roller Press) Inenanyuidniuans
w9 (Retarder) Tutlfanounawiuny @ansvuaedld 1dun @ddu (Gypsum: CaS0O,.2H,0)
wisatjunanawmas (Plaster of Paris: CaSO,.H,0) anturanuaazidansuiululundayn
Yudus (Cement Mill) Tneudinusnuaudaiaziarsmiosizeddduludnndan
svanaiFesa 4-5 Tasinmin Teinnaiansminedoulnnjauiud3uinsaasagiun (ALO.)

o al 23
v

Ao A ° = A = ol
‘V]N'ﬂ% ‘]J”‘LW]Nquﬂqﬁ\u@"ﬂzuqﬂqLLElﬂﬂqqﬂﬂzLﬂﬂﬂI@ﬂLﬂ?@\?LLﬂﬂ (Separator) ﬂuuGﬁLNummiﬂ

ANHAZIBAANNTADINT (AWAtlszanns 200 W) azgnadsaiuldlulalanfaunans

2-16



seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

= G- L

Tigndn  douguiimusndslilfaunnazgniiniuedn  Wasanniyuiiwusniauaziann
1 1 o ¥ o o [~1 Y @ 1 2 = o=l a o 4
nannadouaz linndeanudeussliondt  dryuimusiauiamaiusinifullenanali

\An19AEtin (Bleeding) MAxINnanyuiiuusnaziasn
255 NITUTTIUASAUSN

Uuanusdsagnlatazgnifuldlulalaiuy] uiimus (Cement Silo) Autlstinagy

HndafuponuTy neuazdanheligndiseld Gelaeialy Tsasuazdmiiey] wimusli

1% A
anAn 2 LU AR

=< '

n) YWTUAES (Bulk Cement) @aiNMsanavisn1esnauduazsnln Seanunsadi
wfulnamssanlalals Tnelaidinisussqgs
= 6 [ o = 6 o < 90’ o
7) YUTNUADS (Bag Cement) tlun1sunyumimusidniiazlunussqgeauiniimiin
a a [ dl o o uI/ A
gvaneaz 50 Nlaniu Inawesasdnsludnandaluas 4,000 99 e Uszunni 200
FulaziATesaednluiRanns0a s liiAseday 2,000 gasadalng
Tneesesazannsnadesuamusnlusoussnuazsn iwls
TunsainnisdenanliamireTusrelszmaanaazanminalugiluia  (Clinker)

Walidmellunuaznanldiesnuinglszasfansnu
26  WANTSNUNNRILIARDN

a = o '8 ¢ = 1 :// dl a
nIzUIUNINARWTNUALafALANs AzlinTzLIUNT9ANN ) nanaduRauTInans sy
19 o] wanHannsane liiiaNanITnUAeAIIARNUASNINENNITITNTNR INANANENIS

a N leun Juazend fng Naenin Tun dude seuisuaiemiades deloguidauan

'
o A

% QII o 4' a = o A I o A
@mmmm&lwwumﬂmgmﬁlumzmummmgwﬁmum AR Qu@mm ANNITNIUVNBY N7

HAR NNINANALLAZNITTUas Wiy (M19797 2.9) Al nnedanisaneueilymdcian

'
L% = o

Ranlunsazdunauaainszuaunsailugsd A ideasinisaniiunisaaugiunisa iy

a dl v a ! AI % 24 dl
ﬂ'W‘J“B\IZ\]ﬁ]LW@IﬁLﬂ@N@ﬂ?ZV}U[ﬂ@ZNLLQ@Z\]@MH@EW]@‘Q

o

laq1iu

4 o

NAR lARssMInaNansEnULa L I MNetlaaiuasined 1 Hn13RAGa

232

Ce

wassnduuuuninating (Electrostatic Precipitator) Tunnasnguainiasangdiamniu

= e I v =1 a 3’/ di o . P al'. 1
us uazdaeamdeidiu nsinsaeTesnduLLLgINses (Bag Filter) Tuamau o Nneli

1
o =

Aesuld a9luanidussaudaduieantlainnszuaunissine dufinedngauivgeeenty

2-17



seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

o o [

v = v o o Y =~ o o 8 o a vy =
nIdNITANAL uLL@fJuﬂﬂ@‘LmﬂLmﬁﬂﬁ?z‘]_lfmﬂﬁ‘;‘ﬂﬂﬂ?ﬂ@:ﬂﬂﬁ@@ﬂ%@mL'&ﬂimﬂﬂwwuu\‘i

q

[ %

uanani lunseuaunamaziianmdandAyaa NOx SO, waz CO, Ieifiuinnisiia

AnTaueY AuNTzUIUnITHN s LazasAlsenauraad@anden M Tudouaasningdaimas

a

[ %

Inaanlafiuazyindfjisen Desulfurization SO, tnagnuaaidanaen s (CaO) Negluing

o

2
a o a o o £ o o
AUAUAzsanulAamaNdan  (CasO,) Mlgnindnlwmwmnyuuaznaneniuyu
kiR
o o ¥ X o e 4
A mFunaninznainaingaaunssuilireudenansenuinlain  lasanniu
a v o |d90J a ac A % dl ;%3 1 [~3
AszUouNTNARLULLES Ml ldRuN I lunssuaungNAn  aziniessini duaatgiulu
A X o = o WMo
N72U2UN RN TN T B9u P 1 N9 Uaunisiasinisnaundudn g lud ldanng
aesisaanly Tudouneanldiduasdusnissvwmaldiflulawintiu lnadndnitlunislging

wuuszuLila (close circuit system)

A191991 2.9 anwouzilyundanafenndiAtyaeanisuanudiuusasnuans

o

Nﬂﬂ‘igﬂﬂﬁi@aﬂtwﬂﬁ’ﬂ&lﬁﬁﬂﬂm neTeUIUNIT saazIR

o

ANWNIS LENSWENNSBSSNIR

a A

1) dpgay QREVTPIGR " Juunasiiuiusuiaiuingiun

aAnylunisnanyuusd 1aun
o = <y

A nNnIsRuNes Ta6esiinng

WANTUNANHULTDIUNAIRULAE

fadeau saniedeulafunis

Hesrtunazuilanansznusnge 7

v
ANANATLANNNFNNHAS

nsuAYuLn " FasdnnsNansandndounimnng

b

anlunslidduuasinghvaw 7
nuanuazunaNiuyuagale

[INNITLHN

2)  wasulnAn AaaaAnszUdUNINaR | wasulndduninensidAnyasng
4 40 -

nisgaldlunnnszuounisugn Iae
wnaznsldlunszuaun1suAdng sy

wasulnAndoulv)lulneldunann

'
= 1

19 ML TR WA LN WA W (non-

a

renewable resources) i ANtasTN

275 0uiu anlud wazananaliinana

2-18




seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

NANTENUADRILINAANTNFATY NFzUIUNNG FEALDA
NIENUARRILIARANATUNARITNG
2INA

X a @ a 1 a Ay = \

3)  TRINAY UETGT TR dnnsldidamaenlduyuion
anlus Wshumn viTefnTeITNINR Liie
1 lunsywdn
X Py ' o A

N13TUES WA Il UNIZLIUNNTIUEIUAN AR
Y o4 4 . acle s
tdunea sduninenssssngnmn b
wdagryuaald 1dlunissugdeanass
Trgausaniauiusuan lidallds
fananminaniauanissu

AuNIslaazuais

NANENINAINIA

{ ° = . :z/ T ;

1) duazeny - PIImRed " Juareszedlsyuy Aveniiudu

= o a 3 U
- MswRENIRRAL ATABIWUIAANNGT 100 luATEU
N1FERLILAZNNTLA (TSP) uazHuaraasauInlanndn
- 9nLue 10 lupseu (PM10) AATUR9ANN
- meunuidn NILUIUNITHAR L1 ndlaLndngaL
- NIUITUATNIITUAN (Raw Mill) udaunlu (Cement

Mill) Lﬂ?lmmiﬁmuﬁ (Packer)
nsinwieslunsssidauaznnsIu
danglulazenis nasnaaiudng
AL LAaZN19IUAS

! o a X
u E:!uﬂxﬂﬂ\ﬁ/]Lﬂm“ﬂu'ﬂ’mﬂﬁ‘ﬁ.ﬂuﬂ’]i‘

a ' o

v
HARANN ) @1N1INANUUNNTAARS
taTasAnduuuulddiade

(Electrostatic Precipitator) lunns

o

anguaintaaandainyudiuue

. v @ a oA
naraasvdalfil LarAnAILATEY

o

ANElULULRINTaY (Bag Filter) Tu

qnaw <) Aneliindulsd dwiunis
NBALAMDALLAYNNTIUAIALAEN

a

a o

TagAvatuisaniuszuuilalé

o .
WeanN13MaNITa8 1adE UAz a8

61

2-19




seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

NANTENUADRILINAANTNFATY

nTeuUIUNIg

s1aazLRen

2) s

RER N

al

fadendrAnylunszuauninan

YuadwuusiAa No, SO, uar CO,

o

UNRINANATYIINITIAATN A8 A
nszuaunIsEnwda FelFuan
nsiafmuag fUNSTLIUNTINN
TuduazasAlsznavaasidainaed
L5

fadanaslnaanlafiinluann
nsn ludnuzdulumanasagin

Ufj7i3en Desulfurization Tng# SO,

'
al

AzgnuAaiiaNeanlEs (Ca0) Mot

a o

ludngAuduuazsausaiiu
wpaiandame (Caso,) inlWien
az 50-90 184 SO, gnN1aALRdlY
wknusaznaneiuyudn

P a = o o
Wesannnisnany wainwsiiy

g

ngzuqunIigaaldn9n v

gomniige awinlfinafgeanlss
aa¢lulnsianannnisauiives
Tulpsiauuazeandiauiifudiy
tsznavluaniniAasdananssnusie

AUNINAINA

3) Tanzuiin

nawnun

7 i
I~ a

FOAL ITOWEAY wazaaa@ntinu

=N

Manlundewn  Adautlsznevand
laventin @y Hg, Cd, V, Pb, TI,
Cu, Ni, As, Sb a2 Cr #sazdasdl
nspnuANdsnnlilfiiufiaL

Auls

4)  waAe

AARANTZUIUNITHAB

2RURLANNITLIUNIINGR (1 B
nulwainnisdenudawnn High-
alkaline dust AAAAMNANNILY
e wardanunauaInyndunay

a | a a < A
NTNAR L Wiy Au YJuila vise

Yuauus idananaudenting

2-20




seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

NANIENUADRIUIARDN

i o o

ndAny NFzUIUNNG

s1aazLRen

T o L A dgy o o
tdunaaaun Liian bAIARARIN
NIINAADUAUNIN ANNNTOUNNAL

1 Ml alvizes loAa Lavianum

NANENIUD

T o
ULAE

QUEIS N

iesannnisndmufuduuuue il
mldvnfludoutlssney  itesnnsld
LW'@@m@muqﬁmmﬁw?@mmmzmu
MIHAALATMADITULARRIINIVINTRL A
aiftn@aannnszounissan e
mnmam’@Lﬁul,m?';faﬁm%mgwﬁﬂu
ﬂﬁ‘]_mﬂ;ﬁi/%ﬁﬂmﬂiﬂﬂﬁﬂﬂﬂ’ﬂﬂ@:ﬂﬁﬂu@ﬂ

159971 (Closed Circuit System)

NANIIENNIAEN

= o n
LRENLAZLINAUAZENAU

AADANTZLIUNITHAR

WREAILATLINAUAZLIIAY  A1NN19INN

WHAMATNIZUNUNIUAR 11 Y@Ll

a

(Clinker Cooler) wsdaundnnay (Raw

Mill) MafauaTLws (Cement Mill) Hane
THAaAuiayuazidudunase

KX v = o & o
a0 AgFesinisdngUnsnitlesiu

ddd

funsungUNIRNU AT RENAS

[

27  InghuwazAENTRraIngALlumMINAnYuT A

o

a t:llo =
AOAUNATATYED

A lunsn@nudwusilsznausion  arseanlafaassisuaaiies

aa =3 a A = o ! dl tﬂl 4 o 1% 1
TANBU LUAN LACAQNLUEN IﬂﬁlNﬂﬁlﬁ"]@QuNﬁN‘V}W@LVNW%LW@imﬁ@NUMMWNmﬂQﬂW? bb1LIN

[ %

1
=

Fanaunldluntsnantwiwus i 4 90a As

a

1) dmgaunliingn CaO (lime component) Tun #iuiu Auaanes (Chalk) Auuann

(Marl) Tmﬂﬁﬂﬂﬁugwﬂu

faaldludngiunuinngn

q

1
o/ a A a

1
o a o A

AANAUNRINNT

RPN U

o a = o o
1Anylunsanyuamuws insnzai

d dl a = &
TICVEVG B P EAT I R VAL WG fE O

pasHaqulsznaLaey CaCo, agszuinadoaay 85-92

[ %

2) ppAudlingn Sio,, ALO,

, Fe,O, (clay component) i

1 a

N AUAUANY (shale)

Hunuan vy wazhumien dufuauduingaundnidAydusunassaedou

2-21




seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

Han Sndsznaudaaudfusng - he udinledlusd (kaolinite) usdalad (illite) uas

1
4

f] o
ALO, uar Fe,0, AURUATUATUNINANSBINTT LT TugAaMNgIN WTHWWE Ao
AN ALO, BgseudnFasaz 10-30 SO, agseudnFasas 40-60 uar Fe,0, ol

2eUIN95R8AY 5-10

o v o

3) AngAuldAuiuusanaN (corrective material) ilwingAulszinmldimaludan

HAN289IRRAY TunTRARWTMUE |y uuannings (Hean Cao) nane

a1 (Si0,) uitanlas (1lanna ALO,) uazwIMan (Wa11a Fe,O,)

!
o a A

4) Fapaulfiduansiin (additives) Ae ansilddnliiieqniseasdsing o g

fdn (Gypsum) linailuansmisanisnasalaanansaniuyuidaaineniu
ey L WT s Ldesindae (retarder) ugiwan (Iron Ore) ldinetnFunm

a

wan 17 lenusaInis NN iumavira AUtLaN IENL U AN AN

A919% 2.10  dadqunasaan o luuiiusileSauaus

a0n lHA1e4516)5147] \wWesidus
11119 (Cao) 60-65
TaN" (Sio2) 20-24
agH1n (Ai203) 4-8
\WAN (Fe203) 2-5

]
a

~ = R Y o A - p a -
Lll@ﬂ”wﬁ Lﬂumsﬂ\ﬂﬁ@qﬂﬂq?Lqu mqmﬂﬂﬂ'ﬂﬁﬂﬂ?:ﬁﬂﬂumqﬂLﬁNﬂl'ﬂ\iLLﬁ@LsﬁﬂN@@ﬂVLsﬂﬂ

(Ca0) Faflnaanlas (Si0,) agiiunaanlas (A,I0,) uaziespaanlas (Fe,0,) ludndaun

a

winnzan M iAaduudaniatsdsznaudinansing ) Asil

]
X a

1) 'launaaiBien 3nm (Dicalcium Silicate) Giigmaiedl 2Ca0. Si0, Bundatiady
C,S

2) lnsunaiBien §8inm (Tricalouim Silicate) Feflgmaiail 3Ca0. si0, Fanatiedn
C,S

3) lmsunaiian agiius (Tricalcum Aluminate) I9EgasAN 3 CaO. ALO, BENda

£891 C,A

2-22



seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

4) wesueaieyn  agilualss  (Tetracalcium  Aluminoferrite)  @aRgmsLAN

4Ca0. AlO,. Fe,0, Faniatiadn C,AF

a

Tneminlinsu@nuide (Clinker) 1 fuagldingausn 1.64 6 Inaidnaasunsil

q

Wutlu 1.28 i (dszunnFeaas 80) Anwilen 0.16 F AURWATY 0.16 AL (:axAULszN10l

Speaz 18) wazuwIwan 0.04 A (Ussnnnifeaas 1-2)

o

1 14
AN WU ANATY Az AL AUAIN WIBIRNAY  uazaliauaziBuI0e9

1%

1)

[ %

1.1

1.2

o

2.1

2.2

2.3

2.4

Tnguiantasuinliseanisluingiu dnguiandasuaiunsaudesnidulszinmeig o fai

q

Trguilantaanluwdinianiw ldun

Wipmanaananus Quartz dnegluiinuninndifesas 7-8 azvinliieses

a = ! (=3 1 o k74 ¥ 1% o % 1
uaiuannsaEanI N AN ldn  wazesldnasuaniaugndd
1,450 asAigaidas Tuniawiiduglwide

9;/ a ac ¥ ac A v a [ Qi 9:/ a
mu‘wum?mLL@:ﬂ@ulﬂjﬁ‘mm@ﬂ@uummwwﬂumuuugu

Trguilantaanludaai

wnndidanasnlas (Mgo) Undilujuiadl Mgo lidiiundnfeuay 2 Al

wjunldiduingaudiunm Mgo Tdmaafiufesas 3 daluinndnfasas

3 auiflusaniansganunnaespaunsani liinan sANSA

dganla (Na,0, K,0) ardsngedlufumiaowasiuiuniu Taatlnsls
a v Y al o Y a o

posiiufatar 1 fadnInazilunaide vinliiiansanfuaes feed nialy

wnuazfanlimiinnisaenafanes wlenaniuieaunsn

szt (S) Mantlugtluasdalns wu usltwlssd (Fes,) uazlugianas

daln iy ustldu (CaSo,. 2H,0) wazusuaulalasf (CasSO,) Teas

ANNNI0ATIRNABLINANTTIAIEATRR AL LA lugLaee SO, dniffun SO, |

wnifulilazinasianisiingns calcium sulkphoaluminate Waxegluijw

=3 dl dgj ] v a o Gl

WaTeanstazn lHAANNs18 AR199AR1NTH

WaaWedalumaanlas (P,0,) Teraazifialuagiuiiuly lunasazd

unnRusesay 2 a1aNINNIFesar 2 azdeuann in1sauFaLAT AT

o = Y
mmmgwﬁmummm

2-23



seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”
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Bunnaeadslull 2544 RiSunausnnndnll 2542 D9 2.9 win' Japan International
Cooperation Agency (JICA) waznsulassugnanunssy vnnnsdezanainnsredeis
wipNLszinaasgRanssuuazlssinvaesaends  wudnaeds lidunsnadiFunn
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A5 2.1 nsdssniesdegaainssumnlsvinnaesgnangs Tt 2544

3o (Aufl) UNA
UszlnnaasnnsIuns sy T —— — _
aaudelaiaunsa | aauiadunsie (ewAl)
Food (agriculture product, aquatic and non-aquatic animals) 295,105 9 295,024
Food (flour, sugar, tea, etc.) 11,881 1,218 13,099

ranunsaluaiEvestsymAlng nsuaUANNafis. 2545,
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USunew (Audl) WA
UszinnaasandInngsy
: aaadelidunsie | wauiedunsis (Al

Drink, beverage 47,208 30,079 77,287
Textile, thread, fibre 64,299 1,562 65,861
Textiles product (clothes, mats, etc.) 53,513 153 53,666
Wearing apparel 54,835 19 54,854
Hide, fur, footware 42,163 243 42,406
Woodwork (any and many items) 143,705 2,264 145,969
Woodwork (bamboo, rattan, straw cork, etc.) 61,848 48 61,896
Furniture 159,222 5,820 165,042
Paper, cardboard 48,735 227 48,962
Printed matter 36,232 9,156 45,388
Chemical matter, petroleum 5,107 43,395 50,502
Rubber 44,213 1,357 45,570
Plastic product 93,787 43,559 137,346
Glassware, ceramics, non-metallic matter 105,949 284 106,233
Steel basic industries, non-ferrous metal basic industries 668,620 124,484 793,104
Metal product (tools, appliances, household furniture, building 60,446 1,024 61,470
interior, etc.)
Metal product (construction, installation) 47,439 1,848 49,287
Metal product (others) 74,770 78,984 153,754
Machines (engines, turbines, machinery) 35,982 2,248 38,230
Machines (for producing metal or wood products) 2,346 1,298 3,644
Machines (for paper, chemical, food, textile, etc.) 2,985 283 3,268
Machines (calculating machines, accounting machines, water pum 6,086 5,954 12,040
of gas compressors, etc.)
Electric product (machines or product under no. 70, radio set, 72,951 147,919 220,870
electric instruments or appliances, etc.)
Electric product (electric equipment) 35,599 6,247 41,846
Transportation machines (ship, trains, streetcars, cars or trailers) 6,986 17,663 24,649
Transportation machines (motorcycles, tricycles, bicycles, 30,774 5,997 36,771
aircraft, wheeled vehicles, etc.)
Precision machinery 1,426 2,878 4,304
Others (musical instruments, sport, toys, etc.) 13,929 98 14,027
Others (electric power, gas, packaging, cold storage, etc.) 35,605 15 35,620
Others (engine-driven for vehicles or motorcycles, etc.) 963 18,114 19,077
Others (stone, watches or clocks, central waste treatment plant, 163 1,009 1,172
generating system, salt, etc.)

ﬁy’auuﬂ 2,364,782 557,456 2,922,238
17‘;11’1: JICA LLﬂ:ﬂ?NTiﬁdﬂuqm@ﬂﬂﬂiiu 2544. Draft report of the Study on the Master Plan on Industrial Waste Management in

the Bangkok Metropolitan Area and its vicinity in the Kingdom of Thailand.

2-25




seuatiuanysal 1rsanis “nsdaingrudeyanisdssiudpdnsiinudnieijudiuuiuazmannditenisdanisdananden”

A5 212 nsdszinnuaedagaainssnatuunanlssinnueads T 2544

. U3aunae (Auil)
Ussinanaaads
2544 2548 2553
aauFaliaunsie 2,364,782 2,485,064 2,601,993
Part and plants 58,096 58,677 59,066
Part of animals 306,668 349,030 395,617
Parts of Wood 382,775 394,397 402,943
Paper waste 91,307 98,867 106,960
Plastics or synthetic rubbers 163,704 176,273 187,904
Cloth, thread and fabric 112,911 117,794 122,327
Animal’s fat and oil and vegetable oil - - -
Natural rubbers 27,109 28,016 28,433
Metals and metal alloys (not in salt form) 720,592 742,297 763,054
Ceramic 34,421 35,695 36,417
Glasses 71,729 73,809 74,855
Stone, cement, sand and concrete 285,583 292,330 298,903
Mixed waste 45,917 48,034 49,564
%uj 63,970 69,845 75,950
VDURHDUATIE 557,456 580,909 598,278
Acid 1,881 1,966 2,000
Alkali 2,956 3,003 3,044
Heavy metal compound 4,555 4,687 4,727
Liquid inorganic compounds 51,774 54,797 57,590
Solid inorganic compounds 585 607 628
Organic compounds 14,579 15,636 16,632
Polymer material 18,331 19,850 21,286
Fuel, oil and grease 159,690 163,974 168,340
Fine chemicals and biocides 18 18 18
Picking waste 1,419 1,602 1,565
Filter, materials, treatment sludge 180,238 187,977 191,057
ﬂﬁiﬁﬁ%uj 121,430 126,892 131,394
ﬁ'@uum 2,922,238 3,065,973 3,200,271
17‘;11’1: JICA LL@:ﬂ?NTiQQWuqm@’]Mﬂ??N 2544. Draft report of the Study on the Master Plan on Industrial Waste Management in

the Bangkok Metropolitan Area and its vicinity in the Kingdom of Thailand.
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U UT9UANLFTNIANIZNINNEAANITN R1TUT 6 (W.A.2540) UAY

U 1 (W.A.2541)

Bmsuazilszianuesian | MANsKARgegasaNaes | Usandaljpaayqynsali Banadal fadigsu
Alaildusa d5usfiunsilasu iheanuanusianlssnu sudumstasusiiunisg
AYWYIA (A1) (A1) %241 2545 (A1)

8NN 8,868,521 673,560 447,198

SN

= Lidurse 405,694 354,637

. 6,690,312

" aupme 200,920 56,136

IRIUUAD

" lidunse - 402

" fupse 2,178,209 66,947 36,024

Aamsdenay 1,562,100 87,422 165,219

Tnemse (lidumae) 1,196,250 65,344 97,023

Ufuiafasuazdanay 365,850 22,078 68,196

(1M92)

A8meslaAa 361,319 1,289,669 56,215

AAUEIN 99,004 -

FluiAa

= qaauds (lddunae) 7,500 1,268,260 236,402

" qaaude (Bumgne) 18,413 4,134 17,275

B a3 (a1mIng) 236,402 17,275 56,129
‘LE‘JJ’]DAT'JJJ%@MN@(ﬁu) 10,791,940 2,050,651 668,632

'17;34’]2 ﬂiﬂiiﬂﬂquﬂm@’]ﬂﬂiim. 2545.

282 msdINNERLdeansIunsTNIN s Ul udinue

o al = [ L7 1 o [ %3 al a
nszuaunsinaesdevzadan W ldudaangaaunssnsine snndnuasglaAalag

¥ = & nz'll Y @ .;9'1/ a [ a = o Y o | |
dmngusdive liuaemasuasdngaunauny - Ansimuuarldiuetaunsvane
Tuwnadylsluazanigeisnn Auilasanuimsnisvesanning sl uFeanisenzede
fuRse  (1994)  Annuualienaeadadunmanlitaaeruiuesdlssney (Non-

a I

chlorinated hazardous waste) Inaildgmuunigendn 850 asAmaisa Wwnaiatinsias 2
a = d! = o = ai =2 = & Y
A9 B lUENENT WA T U NAUAIDNN 1,450 asAaal@asd uaznisien ndaesinmay
a d? dl a 1 = [~ a al QI o
NATuNgMNRgINd 1,200 asmaisa unad 56 Jud deswalnaGuniininaes

v
LRFUATIEI NN LA T I UAFLAT] 2543
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Fapn W ldudanvdunenywimudarunsouiaaudssinnaasnisin g sy

Q

2 15z AENINAUNULTBINAIUAZNNINAUNUI R AL
2.8.2.1 MINAUNULTALNGY

1) Sandluldudaiiasiranlnaunudamauay  aunsoudedesldmadnuni
uavaadilsznenld fil Ao

" gasnaNszItesuieTiresvan  Runifluediliznen 30-65% Imenin
win ity & YnsfueReuin 5By ninreadaannininatnde

" gaqudenunnlvgy frinfuesdisyneutiesndn 30% taenimin uaziluna
Iudnan 50 wn. v an9gneis 18

" gaqufarundn Sonfuesdilinautienndt 30%  Inetnutin uazihing
1-50 3. 11 wangAn Waalsau menawingu Coke Polymer siNuANgu6
(activated carbon) Crude Teraphalic acid (CTA) Pure Teraphalic acid
PTA (residue) t!umﬁ‘rmu Lm:m%uﬁwm%

® gaqudanifuluazaas JunfluasAlsznautasndn 30 % LazdUuInLAn

q

197 1 NN,

1% '
A o o a

2) weudsiidureavad uwdseenidu 3 dssinn Ae wsiunlduds ansduvadoiia

v
a o

YBUUAT (A198ZANE NUUeF d1991ANNEY) Teawadnluuastsyney 1eamand

' Ad % o | ¥
AnurNINeel a1Llsznauniiindu lus
dgj o [ dl 16) ¥ ¥ dl o ¥ d” a
wanand feanunsnudedannlildudonarnisntinn Iidwdemaslum i
T 28NAMNUILINNT09AAUNTTN AUAATTUANTINT 2.14 UAZANIWNT 2.15 UARIFY

281909ALI2NBLTBILNTNEUAN ML NAUNLLTRINGS

A9199 2,14 fatinglszinnaesiani W ldudainan 1 uamndmusuisulsznn

YBIQAANNTTH
ANRIUNTIN ﬂszmwi’aQﬁ'lu"l%ué’aﬁmﬂuﬁamﬁﬂmmtm%muﬁ
NITAELAZEENITANE | AAUTIMARAINNILA TENANNNITLEN
Fafud 11419 NNN3LEY NANERN Enazane
NNTARE5 Waste board, gitldu
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ARFIUNTTH dszindaanldlduasindudawaslumumndiaus
NQ9 NABNUT LASNBILUA
AansmALNagIuiesdu | Sewage Sludge, Tud1annsinvezsialy
NNINARAINT WANARN dauiaeaINnNIINaL win
< % < IL/ % | dl o % 6 o
WMANNAN werndn auin dundnldainginsaldn
Gh ATAZAE NANARN L TTeN
nI/ %; o a = % o o ' aaa dl Y v
nMINAULNNY Auwmilen Wil el iz liudn
c 1 = . Y v
UL NINLANNIINAS &, residue, 8970EUA LTUAY
LSS fitldu azansauin du

= .
NN www.Siamcement.com

AN5I9N 2.15  FInatN9adALsLNatR98N9DEILEN I LN AN LT A LN

asAlTENaL faaazlneig

[AMN 36.0
Filler (soot, SiO2) 37.0
Zn0O 1.2
Softeners 3.0
dainas 1.3
WIAN AR 18.0
B 3.5

79U 100.0

2.8.2.2 MINAULNUIAAL

o o

dl 1) ¥ v dl o a 1 dldld s < .
apnlaldudonthunduingaunauny 1w dannndesAlsznauaeaman  (iron
X @

A

sludge) FaNNagiitaNuesAtlsznay FanT wAaEexN (A1990 2.16) aeinelafinn

Ysnraunistidan i il udandalssnuyuiinuiazseaiinisiatsounasdtlsznausnge

Q
Y Yy ¥

v v aKR o o =) a o a Qi ¥ 1 4 a [
AL Vlﬁu“llum.lﬂﬁ]?’m’]ﬁ/lﬂLL‘V]LLL‘I]@L‘WZNLLZ\]KQﬁ]qﬂ‘]_I‘V]@ILL‘V]LL‘V]%]@QIMﬂ@QUuLL@‘éﬁfﬂuﬂﬁIﬂﬂ’]@Q
dl 19 ¥ v al dl 3| o = o dl ¥ = o
Nllfudouazassdendursavaciuuan Wmum:mmLmﬂu@m’m@a%mmumimm

T luunman Sedoulugjaueyiy dadesine] wu auunmaes)uda (autinniu uen.
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waz ASTM Llunan) n12afiunIsuan B9faainisnansasnnisie Cake luszuuiaznili

'
o A

\NAN3gARUNYe NALluIAanNIAYLANNIINARNIEUAT Husu

a o 1 o dl 16 ¥ ¥ dl o o a
A1919N 2.16 WQQEWGQ@@WVLNSL‘HLL@Q‘VI"]EZLHN’WI@LLVIHQL‘]Q@‘LI

din/lszinn asAsznay | Sasay N1SNALNY

AN

1. JUAINIEULNIENARMANYAD Sio, 76.2 limaunuiani azgiun
ALO, 11.2

2. JUAINITULNIENRAANITEN Sio, 78.1 limaunuiani azgiiun
ALO, 9.71

3. duannieiasdangg Sio, 79.5 iaunuusnan Tann
Fe,O, 14.4

4. HUAINNIZUIUNITALITURNINAT sio, 5.6 iaunuusnan Tann
Fe,0, 82.5

5. HuRnnavaauman sio, 37.2 liaunuusinan Tann
Fe,O, 33.7
ZnO 23.5

6. Wi Shell Core Sio, 85.9 limaunuiani axgiun usivan
ALO, 6.00
Fe,0, 0.82

7. \Am Cold Box Core sio, 95.8 MiauniEani azgiun usman
ALO, 1.0
Fe,O, 0.24

8. Alauzanimvags Sio, 50.8 limaunuani axgiun usiwan
ALO, 12.6
Fe,0, 18.2

9. Sludge 7 Thainox Ca0 41.8 TnaunuwAaLTeN

N: 13En Yuimusnegaaivnssn a1fin. 2542.

it ANATY TN MUABIAIENaLIBININAUNUTANAURNLATNALNUT AR AL
ki 9ALlsznan AnANFaudusn (Low Heating Value) Aaalss (Cl) Mzt (S) ansny
(As) Pzfia (Pb) wAALNEN (Cd) [?Tfmﬂ'wﬂ"]mw%uﬁuﬁ‘iwmmﬂmmL?ﬁﬂfqmmumimmm

unns9n 2.17
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yaamafiTinTugstszney (Aqueous) < 2,500

NSNALNUIRALLAN
- Saniildldudn <500

1 :usananseulasansUuAuNNIeITe AN 28913 YuTmuiinagnaiunes anin. 2542,

flaqiudlssnuiuiiiug 7 Tssnaanzidoununsulseuananssalunisiudan
aM oy v ~ v o 1 a o a o o a = s
Pl udanie 1 ilume mRsmaumuLa IR AUNAUNUAIMTUNTT AN THART W LS

[
o a I~

TneaRnnasnsnangega unaiiludngAuNAUNUIAT TIINRI ALY 4,671,286 Al

q
1 2

WA 2,526,520 f/Al mNaNsL (AN9 97 2.18) anngddm Ll 2544 wudnvedeiaunani
N139NHANR A TumLEN T sl 340,272 Fiu virasataz 11.6 A9LFN BRI TINNAT

a X = o a ¥ @ Ay v ° o o
Lﬂ@?.lusluﬂﬁ‘glmﬂ FILTENINUTLAY 60 UBIUDIAYNINN AL LR Lﬂﬂqmiﬁmﬂfﬁu’]ﬂ’]ﬂ’]"ﬂﬁ

=i o o a o a v = - o
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iindntaalssnuluiimusinlfiunisaanziiisulunimidpaeads

MAINSHARGNEA | MsamsuAngegn | Sanmaadeiiin
- . Tumsirdagauve | lunsudawdma | 8iaaneIm
N gadalsenu -

wnuldlunszuau wnuldlunszuau 1l 2544

nsuan (Aual) nsuan (Aual) (AW)
1| Ui Yuawudlne anrde (uisaes) 1,664,000 138,000 84,206
2 | U3 Yudus e A (iwang) 700,000 138,000 58,700
3| U3 Yudus e ain (11199) 14,000 570,240 -
4 | 13 Yudinudng afin (@119) 172,286 401,280 8,000
5 | U3 YuTusd e anin (vjea9) 1,401,000 415,000 -
6 | L3 Yudiusiunsians 720,000 691,200 100,665
7| U3 Wiwle In@u Anrin (Wwnaw) - 172,800 88,701
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n1sAn® LCA luanaunssuyudiuun
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AMFUGAANMNTINYWTLUE Wuidaeusing < Iinaadeclinanisfineg sausuuas
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1
¥ o =) %

ﬁmﬁﬁgﬁumg@uﬁymwmimuaaLLfJWZi@u (LC) Mnsadasriuywiiuussonianani et
a o 1 % 1 v 1 = " a
paunsawazdanneaiieene tiun  ananuiinufuazaounan (Portland Cement
Association, PCA) laan1snunauiny@isnanissnudwandanaesudwuilasauaus uas
vl 2 QI v 'S a = . .
1AHN171U72 @ UANFNURILI AR ANYBIDIANTHNAR ADUN IR (Environmental Council of
Concrete Organisation, ECCO) @ifumidaganuindaasnsinuduwindaninaaiunaunin
saualumdas i Nununludupanudaendy vuneadie lnefanninaes ECCO i
a o val g dl ¥ Adl a g |
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WWarmugudeyaresreunsauaskaniusiinaadeas witeeuilisetfiuasy llinois
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wananigelanIANYuIuiLvialssmAly wlieeilsuvesdszimAau dsvindesa
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LATIAS LALEIN Llueu

3.1 UIREATY LCA waz LCI Mifeadasnuandndunudinuslusiedlssing

o

e N I L b I L L T e I EEr S RGN LV I IS T G R

°D
Zo
She

1) nstlsziindpAnsTinaesnszuaunnINaauwues Tag umanende Beijing
o duss e o
Polytechnic Gﬁﬂimmﬂﬁ?mmu@wm?ﬂ‘izﬁm Ecobalance 2000
=2 a’lJ v [~3 v QI ¥ dlo o o v A
nsAnetldsrylsviauilnymsugnndennd ity Inevintinydsanisans
1d-ansa1een  (LCI)  waztsmifiunansenuaesummusinednioenisldfaueesu

Tauusi 1 Alanfu wazlinnaefuusadn (Compressive strength) 1.0E+9 Pascal

2) wisesdalunisdszifindpanstinvesueintsuaznisnieaing (Greening the
Building Life Cycle) Inel Department of the Environment and Heritage,
Environment Australia

= 2y v v ° = s \ .
maﬂﬂmu%ummmaLmum@@ﬂummﬂm‘lﬁm%w Leontief inverse

matrix (Leontief, 1966) Fauanumsanduazinisdpindnydsanislugudeyallsunsy
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SimaPro ludauaeddeyagnaiinssueinIsuazn1snea3e (Building and Construction)
Tngiansouinsldndsnuainunassing < (Embodies Energy) Tegiudayaiidniinaulne

UsznraadLngLas

3)  nmaAnsnslddasglaAalunisrudsesguiinansdans LHiAa (The
Recycled Materials Resource Center:RMRC) Ipel U.S. Department of
Transportation (DOT)
nsAnendlERRansn luddaanss Fedanndenuazdaasgaans g

mswanlaeit LCA anldiieAnslauiisuuasdsniiussuinedasslnaaiuiaguuy

LANANMSTUTHINULUNIUAN LAZIANANANTUN AN RLAZNIN U KA TUA U AR
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a

b4
o a

afauaus” Tnafadidadiunana U38n Taiheiyo Cement Corporation nnsaseiilainag
aa 1 24 -3 o‘d‘ % Yo = a o o
lauadon9lszinniBunaftgafuaulaeanlasnanaslsainnisldians laAaduiu

TR AUNAUN LA NN UN AN TN LIUN TR AL UL

A !
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nsznuudsnadenluudiuus 3 Ussan fe Yufuuslesmuaud Yufuuilsannay
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o nsAnmNssusNmsld  LCA  war LCC & wdudagneaina
(Integrating LCA and LCC To Select Cost-Effective, Green Building Materials: The BEES
Approach) ﬁmiﬁqLmuﬂslum?ﬂ@z‘gmmmmﬁﬂ;ﬁﬁ' 9 viada Durability of Building
Materials and Components W84 Brisbane UszimAeeadingiag Auau 2545

® nslszindnAnsTin Tpemsdnmdamamamaunuliunim T i
(Substitute Liquid Fuels Used In Cement Kilns) 1agl AfUengsNn1g House of Commons
Environment (HoCEC) n3angiAN 2542 ﬂ’]ﬁ‘ﬁﬂ‘]&ﬂiﬂuﬂﬂﬂﬂ?ﬂuLﬁﬂ‘].lL%x‘]Lﬂ?‘]:fﬁﬂ’]@lﬁ]§
I INE AU 1 A s (Cement  Kiln)  funisnaazsinlyl
(Incinerator)
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ARAIMNITNAN °]
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1) Tusunsn "BEES 3.0, LmﬂLLwﬂu@'ﬁ@w]mﬁﬂLﬁ'mﬁummilﬁﬂgmfmﬁﬂmmz
nsdszueinAnldane  (Building for  Environmental and  Economic
Sustainability

2) Technical Manual and User Lippiatt Iael Barbara C. zﬁmﬁummﬁﬁumz
walulail (National Institute of Standards and Technology: NISTIR) fa1AN
2545

3)  gudeyalutmuiuazaeunsn  waziuusaaey LCA  Iasadnudauiezes
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Pacific Northwest mﬂﬁlﬁmmﬁuwumm U.S. Department of Energy
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A9 4.3 Fating ”ﬂﬁﬁﬂma‘ﬁm?ﬁlqmeﬁ@mmguﬁmuﬁﬂm{mLL@uﬂ’Lmumm:ﬁLmu
IEFETAN (Aadeaslsueti)
/15 el (GITMEEETIN LI

IQALVAN
Autfu nn. 1.190E+03 1.190E+03
AURUATY nn. 2.000E+02 2.000E+02
an'lud nn. 1.630E+02 1.620E+02
Ruwilanidrnegiiuigs nn. 5.040E+01 5.040E+01
Ulnniaanian nn. 4.080E+01 4.080E+01
AugN3 nn. 2.960E+01 2.960E+01
wauna o6 nn. 3.890E+00 3.890E+00
HUnan nn. 3.240E+00 3.240E+00
m@m‘?ﬁﬁﬁlﬂwmmm nn. 2.320E+00 2.320E+00
Jewanluilanlunm nn. 1.940E-01 1.940E-01
a nn. 4.320E-02 X
N9 nn. 3.370E-02 X
Na,SO, nn. 2.560E-02 X
n3e nn. 2.230E-02 2.230E-02
vnsfundeay nn. 1.790E-02 1.790E-02
Tl (annsRARNIzANEATINY) nn. 1.700E-02 X
AUz nn. 1.220E-02 1.220E-02
Aunilen nn. 1.990E-03 1.990E-03
N9 L ENAIU
AU nn. 7.07E+00 6.91E+00
anlusd nn. 2.880E-01 2.880E-01
ANTEITNTNR ALLY. 2.32E+01 2.27E+01
Anatlinsaau ALY, 5.830E-02 5.830E-02
PSRy nn. 1.70E+00 1.62E+00
Tsuavse aLlu. 2.520E-05 2.470E-05
vinsfuR LA UEN nn. 6.000E-01 6.000E-01
vinsfuen nn. 8.140E-01 8.140E-01
vnsfundeauldud nn. 1.170E+00 1.170E+00
TINENTOEUE nn. 7.170E-01 7.170E-01
WANIUANENURAU(RINNIELIUNTNARNANGRN PE) | LHANTAA 6.660E-01 X
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ety e BT IEECT UL
wr&"\mumﬂﬁwﬁu(mﬂmsmummamwmmﬁn PE) WNNZaa 8.650E+00 X
WANIIUANN AT ITNE R (AANNTTUIUNITHAR|  LHNANTAA 1.090E+01 X
WANARN PE)
NANHNI9ANA
CO, an. 9.800E+02 9.730E+02
CcO nn. 4.600E-02 3.920E-02
SO, nn. 1.36E-01 1.01E-01
NO, nn. 1.18E+00 1.15E+00
N,O nn. 3.740E-03 2.460E-03
Ay nn. 2.600E-01 2.600E-01
CXHy nn. 3.000E-02 5.280E-03
non methane VOC nn. 2.070E-02 2.040E-02
c!u (fafmﬂixmumimﬂ'@ﬂ%muﬁ) nn. 2.330E+00 2.330E+00
#1 (SPM) (RMNNITLIUNTHARNTTANATING nn. 7.580E-03 1.150E-03
wasaildu)
el1 (PM10) stationary (AMnnIELIUNNTHAREILEN) nn. 7.470E-04 7.470E-04
el1 (PM10) mobile (aAMnnszUIUNTHARELEN) nn. 5.370E-05 5.370E-05
H,SO, nn. 5.700E-05 X
H,S nn. 4.450E-05 1.380E-05
Na,SO, nn. 8.760E-06 x
mzﬁLfJ nn. 4.190E-06 4.140E-06
wAALTEN nn. 6.550E-07 6.530E-07
PNAILAY nn. 4.920E-07 4.920E-07
Tanidau nn. 4.380E-07 4.310E-07
tsan nn. 1.290E-07 1.210E-07
NaR B9
ARETU nn. 2.680E-02 2.680E-02
TRen nn. 1.500E-02 1.500E-02
CcoD nn. 1.260E-02 1.100E-04
AN m nn. 4.820E-03 4.820E-03
BOD nn. 1.550E-03 1.090E-05
TOC nn. 1.020E-03 1.020E-03
sl nn. 8.050E-04 8.050E-04
AN nn. 6.050E-04 6.050E-04
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/9 ‘VI‘Li"«!EI LL‘iJ‘]J‘LI%“a“‘!ﬂQ\‘l LU LN

ANTUTIUADE nn. 2.590E-04 4.620E-06
Tulnsl nn. 7.720E-07 7.720E-07
Tuman nn. 5.110E-05 4.990E-05
NH3 (as N) nn. 4.950E-05 4.950E-05
Waawp nn. 2.630E-05 2.510E-05
VOC as C nn. 1.500E-05 1.500E-05
Tagiliaa (1) nn. 4.420E-06 4.420E-06
Taifla (V) an. 7.510E-10 7.510E-10
Az nn. 2.700E-06 2.700E-06
NAIUAN nn. 2.070E-06 2.070E-06
NH, nn. 1.590E-06 X

SO, nn. 5.120E-07 5.120E-07
WAALREIN an. 1.330E-07 1.330E-07
ilsan nn. 4.500E-09 4.500E-09
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51 4.5 Environmental Load 2evansz1idnlunszuaunisndnywimusilefauausngdng

1p
PortlandCementl_
KK2001(Real
100%
0.96 p 39.6 kg 138 MJ [
Clinkerl_KK2001( GypsumETH S Blectricity
DFR) Thailand
95% 1.02% 2.92%
152p 153 kg 26 kg 417 kg 100 MJ 960 kg
Raw Meal_KK_20 Lignite (Thai) Petroleum Coke Anthracite (Thai) Blectricity Calcination_(emis
01(DFR) (Thai) Thailand sion)_|_KK2001
2.36% 29% 6.76% e 1.08% 2.12% 53.1%
94.1MJ
Blectricity
Thailand
1.99%

51 4.6  Environmental Load 2238132144 Tunszuaunisa@nyude

1E3 kg
Calcination_(e
mission)_I_KK2
55.8%

1.58 p 159 kg 27.1kg 4.34 kg 105 MJ
RawMeal_KK_2 Lignite (Thai) Petroleum Anthracite Electricity
001(DFR) Coke (Thai) (Thai) Thailand
2.48% 30.5% 7.12% 1.14% 2.23%
|
ITHIT
48.9 kg 1.23p 0.314p 2.39 kg 22.7 kg 1.54 kg 97.9 MJ 5.71 tkm
Hi Alumina lLimestone_KK_ IShale_KK_2001 Iron Laterite(Thai) Waste to raw Electricity Truck Thai
Clay (Thai) 2001(WS) (ws) Powder(Thai) material Thailand
0% 0.217% 0.0849% 0% 0% 0% 2.09% 0.0907%
T T
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[ % a

g1l#1 4.7  Environmental Load 12981311140 lunssununsnandngaLnas Ussinm |

q

1p
Raw Meal_KK_20
01(DFR)

100%

0.777 p 0.199 p N 62.1 MJ 3.62 tkm
Limestone_KK_2 Shale_KK_2001( Blectricity Truck Thai
001(WS) WS) Thailand
o o o o
8.73I/o l = 3.42% | 84.2% 3.65% |
777 kg 2.64 MJ 0.0422 tkm 199 kg 0.0179 tkm 0.148 kg
Limestone_Kaeng Blectricity Truck Thai Shale_KaengKhoi Truck Thai Diesel B
Khoi_2001 Thailand _2001
51% i 3.59% L 0.0427% 3.4% | 0.0181% 0.328%
0.262 kg 0.00173 kg 0.175kg 0.000735 kg
Diesel Thailand Diesel B Diesel Thailand Diesel B
5.1% i 0.00383% 3.4% | 0.00162%

4-30



seuatiianysal 1hsenns “msdhingudeyanisdssifindginsdinndadueijufiuuiuasimanndifiansdanisausaien”

4.4 nmsdszdunanssunaandnansTanuaInann Nl udNus

a o o Na a o . = o a A
miﬂizmuw@m:wumammmmmmN@mmmgwﬂ wus  unsfAnuiTe

o o

wlaspndayanldannnisdanintinydsenisuneg lugtaasnansenuiudunden o
AnszRAelAulaEnslsuiiunansznueenidu 2 35 Tun
1) nsdszifiunansenusiaedd CML 2 baseline 2000

2) msdszifiunansenusiaeas Eco-Indicator 99

4.4.1 n1sdsziiunansznunaeas CML 2 baseline 2000

%

ALZEIAEAeNUssINUNANTENUARILI A A AN TBINA AU BT LN UAAL T
CML 2  baseline 2000 fiasan3siiilunisilszifiunansenudunany
b b 1 al'o | b dl = o v o
(midpoint)’ #Auwaaindr equivalent ssswanszny Gellauduiusiung
LCI  wn ilasaonslduiuenaenadnsas  Inalalivianisieuniae
(normalization) nisdangu  (grouping)  uwaznislinnminasudnAny
(weighting) fiesannsiasnisanilyymainnislduimindasiiuansaiulunisAiuan
anzipatlidnaanngunansyny  (Impact categories) saadanguuanszni

(category indicators) uazuuuanasenisin characterization #wiudnd

v
o o

ANNAALL AaTl

o

€

€
g

(3

NANHANTENU AT NAUDY m WULARDY

=

2

).
I®)

characterizatio
n

I [nngvinldlanfeu| dndenisuniedadunsnse [ kg  of  CO, | Intergovernment
equivalent / kg|al Panel on

nanIENUAaALInRaNaNnTnanLnaaniy 2 dezinm fAn WNANSZTNUIUNAY (midpoint category) ay HANTENL

1a18nne (endpoint category)  f728N9iT1 AINKANTTAANA LCI WL4 sTULM@ARAsiNn1slaesdnslsyney

ARBILLAZENAU T981374 2 1iia Waszwetulluutuussannid denannlsilalaw Sennutihtlaaiuiaddanslale
A (2t . - . . , y oy,
weniudunsese®dTdn - gninate  dAndsngnisaitesindeedlelon  wansenusedawindenluduiizandn

) ; A o o o ¥ G = g , Py X, o . Y
“UANIENLIUNANN”  uaaInnsfitelaugninane fdganilladrasdunglanliuntudaadunsasenysdig
Pansanaznegan Wiy i iRamlelud aand andlusie Romiafiendunensy nedalomls Aananieanianems
anad Bunaulanuazdndnziaanas s wansenuludunauilidandn “uansenudananie’  wansznulaamnig
# arautieanidu 3 dszim dun wansznusegua e NNy HansENURDITLLTNA UAZHANIZNUABNT

ALUMRRLRINSNEINT
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T
(% o

. NANHANTENU AT NRUBIAITIA WULIRDY
v characterizatio
n
(Global (W/M?) emission Climate Change
Warming: (IPCC)
GWP100)

2 | nsvinanelelauludu | nsanasesnisinanalelo kg of CFC,, | World
UFFUNA uussenmeduamslngies equ'iV(fllent/ kg Meteo;‘olo'gical
(Stratospheric emission Organization
Ozone Depletion) (WMO)

3 | nseendnduiitinain | Photochemical kg of C,H, | UNECE
UfFRenuae-1nT Ozone Creation | equivalent / kg | Trajectory
(Photo-oxidant Potential (POCP) emission model
Formation)

4 | nmaneliiaaudunsn | Deposition -|1kg of SO, | UNECE
LA LR Acidification eqqivglent / kg | Trajectory
(Acidification) Critical Load | emission model

(HuiJbregts, 1999)

5 | naznaiinduaessng | Nitrification kg of PO, | Stoichiometric
FOSURON T Tpn potential (NP) equivalent / kg | Procedure of
(Eutrophication) emission Heijungs (1992)

4.4.1.1 nsvinbilansau

nmamlilanien  wse  nsnlasuudasanmgiiennts  (Climate

Change) nannnisldndsnulufanssusine <) 2esysd  Tnaaniznisnannig

ARANVNTTHLAZNITANUN ANUIUAS

[ Y a 1 Y |
Mlian1sdassfingsaunszan

AL
<

Greenhouse effect isefiFandr “dsngnisaiaunszan” uatvsmilanin i

pRenrsaslantlasulashiinainlidgugiigaan (Global Warming)

=

ANURNEENI

u

| A = Y Y
ﬁﬂiﬁﬂgm@mw@ummﬂLummﬂmfmmmmmnu

dsngnisnifiaiuGeunazdsiuld  Faiueasinguiieseuduuazudinnfoansean

=)

AIN

o

Nuganangasenuidnuinaluan s le

dl £ Q/Adl = o o
wWasulinlgnluFewmnzdmionig

duanziugandongletiuazinaasuaulaeanled (CO,)  eenuiazgninegnialy

dj | o 1 o % & o 2 A ° v o
AIAIT N Lﬂumqu"c]ﬂ@]@sﬁ‘]_l AN TRUINN LA LL@@L@"HQ Vl’ﬂﬁﬂ']ﬂsluL?‘ﬂuL‘W’]zsﬂqﬁluillll‘qm

NHAAULATHAINBLIEUNIILITEINIANELEN
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dl a d%/ dll = a % d’f a i’/
NANTENLUNIN ﬂﬂuLNﬂI@ﬂN@.m‘MﬂmN@]\‘]LL@Z?@‘I«L?ILLI@E nngluunndqlan

widauazdalanlsitafuinnmlsznavllfaiinzuasiuds Welgumgigeauanali

¥ < @ & o | o 3 = = °
tudazanefutihdnuuumamanaz lnasegnzia seAUTINIAANEITY wazananilily
Ly a ¥y o o 0y o
wuisine aedlanifiauivionld  wenannfideinliiianisasuutlasgniawazaany
wilssauaesniennia dualinauazdndandnuauasuazetamaeiies lifaiinaiunsn
Aaa 1 ! dgj
Nanpagisen 6 luan1aziduil
fnadeunszan  (Greenhouse Gas) awnsniinauliiasniy

a A a o Aa ' G 1 | o 4
89INTAWTRAAINNNINNAANTTNANe] aeenyee |y IWlufit  nsasas nnadnld
o i v a 4:4‘ & ¥ o i’/ ! Y a &Y A al é’
anet  Ieeluilaqiiuianssuinysdidudintduaziss it sisaunseaniunnay
TnaanizingafuaulaaanlofinazalnisminatyiamnasanuauumiAtaiie 14l
Aansgpaunss @i eAnatguneurinu Nt I uN U INEANW ANT LA

afuaulasanlad (CO,) Wludansdrdngiinlilanfauau merzdanuaiunsnlunig

o

griuanfeuldtefesar 90  dougnferar 10 aziuvesfingafindu] wu lelou
. Tundseenlad wewluilly msalsvgesisansuau (CFCs) lusiu
Tunseuaunsuds Annsiaeatins CO, CHy uwaz NoO asng
Aondan  AINNIIEANGNRANTENUNNIUNT  wudaAnaAsnananeiiian1zianian  us
pry (2] ] o A ' Y a 1% =< o ! 1o o 1%
iasaninausiazialiannnsalunisne s lanieuseFandnrdndlunisminlilanieu
(Global Warming Potential : GWP) liwiniu assiasirunmsuiuansénega
delunguuansznunzianfeull ansnliddernefia CO, (carbon dioxide
. v a o dl a d%/ (2] = 1
equivalent) nisgsdsinlnaguansznuiiiatuainingzeunszansine useu 100

7 FaAaranuauwinnlgluntsgeasizendn wlnieas Equivalent #ssaasingsaunn

waf Equivalent aasnsinliiialaniau dawwanslumisei 4.4

mswnt 4.4 drdndlunisinlilanieu (GWP) (luseu 100 )

e GWP i GWP
Carbon  dioxide 1 | HFC-227¢ca 2,900
Methane (CH,)* 21 | HFC-236fa 6,300
Nitrous oxide 310 | HFC-431mee 1,300
(N20)
HFC-23 11,700 | CF,4 6,500
HFC-32 2,800 | C,Fq 9,200
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N GWP N GWP
HFC-125 1,300 | C4F;y 7,000
HFC-134a 3,800 | CgF14 7,400
HFC-143a 140 | SF4 23,900
HFC-152a 2,900

winew - * GWP 2es Methane azsanviswansznulaansauwaziaeden annszuaunisifistuzeslelouludu
nsinaile wazlavhluduanmnaiy wilimunansznulnadanninliin CO,
Aun : IPCC, 1996 #197u

http://yosemite.epa.gov/oar/elobalwarming.nsf/content/EmissionsNationalGlobal WarmingPotent
ials.html

4.4.1.2 nsyihanslalauluduussennia
Talaw (O3) dufranedluussainiaduansinades Geaguieainivg

o al o

Taniluszaznia 10-30 Alawns nutinitlesiuiadsansilaladnanangaimel i le

'
o o Aaa

asrnglanuniiumasnazisasinanafludunaesadslaie flaqiiulalauludu
ussenIAlAgnInatuazanas  tnalanmnainanslsznaunagsuinanaaalvigeals
asuau (CFCs) uazansdsznaulusiiu (anaeu) nuywdainea

paalsviganlsansuen (CFCs) iluansdszneuiigndunsziimulu
neagsr 1930 iluansniimnuanasedede  Tldesdnlnuazlideaduiy  nlod
AnsaNRmNNzand it e naungsy winnuadsueIansfana1ailineeg
Tuussennialagliidenaanafuszezioaug aulungauinszaneaulifusseiniadu
amantaaifes ars CFCs tazgniaddanirlaledninliuansdaldesesnannaesusass
gann  Aassudaszavidinygisendulelauluiui  dfgaraesuneuenlass (CLO)
o & a dl 24 a s o aaa [ 2 a
Aufingeandiaw (O,) Bvintrsesuneuenladayliinliisaiuesnensesesndiawin
| (23 a ' a A z// aaa [ dl
duluianaresinresndiaunarilantaeseznantespaesuanaie  Ugnsenduleloun
- & X 4 o e
narutazullFes etheedleduuuugnid  dewudipassuiies 1 ezmanaiun
nanalalzuldne 100,000 azneu

dl o o a o % < ¥ ] 4

walaluluussenniagniinanaas fadanilalaidnazidnunglanlaunn
é’ [ ] QI Aaa ! o va o 9 1 | ¥ a o ndl 1
uaniiudunasdeRldin  dewainiiowiielud  pndy auiuse  Homdasiecey
nowdey  uasiiaNzIaRouile  wanand  delinansznuseftuazdnd 1y annananag
unasAnaunfuamnsresdndsine  lunziaanag VAN TLATIYAL IR

d”a/ o EX = a 49{ o Y a e 1 1 [ % d’(

wananildeinlilanignuugigaanuasinliiiamnnisalsing] 1y seAuimzingaau
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dsznasine WGudiauazinldars CFCs sinlifiunninisldas
DENNTIALTY uﬁqmnﬂdﬁmm@uﬁ@@a%qLﬂu%’@mﬂmmmmjuﬂmwmm%ﬂmﬁm@
avtlssmaAduAunedendiue 178 dssma  fidesweuviienn  dssmdAuaunnn
Imelull 2530 TneRualidszmaaundnantzunmnisldans CFCs as wazlfiannng

=

HNANTZNLBID

ramuaznsidans CFCs nelutl 2543 uasiiusnldansnaunusinluali
usstnmetesndwieldfian  Tnefuuslingulsmafiwaunudeannisldans CFCs
astazay 50 uaz 85 aneludl 2538 uaz 2540 susdu  usnanniasmunli
UszmAaundnandinnmnisldars CFCs aauaaiias 0.3 Alanfusaausell st

samngan 4.5

=

o o | Aaax = |
AIFTINN 4.5 m"J@ﬂqﬂﬁq?LﬂNWNWﬁ@q?N@uW?@@@V’]QUV’]‘N@%

HRRATU qns . dsgAngnawlu | dssBnsaawlumsvinla
LGERGERY wnsiold msvhanelelay | auugRaradangeiu
(ODP) (GWP)
CFC-11 CCLF | ansuina 1.0 1.0
A1INIANLE U
A1TNIANNAZAN
el
CFC-12 | CCLF, | aamianuiu 0.9-1.0 2.8-3.4
anguln vy
alal
CFC- CCLFC | ansinannuazann 0.8-0.9 1.3-14
113 CIF, A1INIAHLE U
asu i
CFC- CCIF,C | ananmanuidu 0.6-0.8 3.7-4.1
114 CIF, anguln Ty
allal
CFC-15 | CCIF,CF | ansinanuiiu 0.3-0.5 7.4-7.6
3
Halon- CF;Br | anssumas 7.8-13.2
1301
Halon | CF,CIBr | anssuwas 2.2-3.0
1211
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NARADUA qns . dss@ngawlu | dsz@nEnwlunisiinla
TA998919 uvaiedil ngvinanalalau qmugﬁmm‘lﬁangeﬁu
(ODP) (GWP)
Halon C,F4Br; | ansdunas 5.0-6.2
2402

fiun :UNEP SYNTHESIS REPORT (ngeaneu 2532) wilauazideuideslas dsz w13dnaal uazuas
&um wodim, 2533 : 14.

4.4.1.3 nsaandinduniiaanl)nsauas-Las
Photochemical oxidant formation ssefiFaniuislidinig
Maunanady (summer smog) Hanwouziiluvuend wimna vise Aniduinng
1 A dl o a 49{ a dld I
astaglutsseniAreades dainazfiadymanluinuuniuaunaiinuazeslu
ANBINENNIAINA I U ansinainnsinyfsanssuangulnsiauaen s
(NOy) uazansilsznevduvadszmels  (volatile organic compounds:
VOC)  Gedouninazunamnmsinludfimemaed lanysnesenunivue uasd

wasanaeTusan N i AN silas LI a9

©

N o a

wansznuann photochemical smog #issn

D uansznusieiis fe falugninans aemsdaamziuaddedouals
fosydvladnas S Uliaeudl inefiandimafinduily
M ivageunis meaqmﬁmﬁ@ﬁﬂﬁﬁmmﬂ%\mum

2)uansenusanyse An inliaogenszanames M liiauddelunig
NAUTUAAAY ﬁfvé“ummmﬂm%qLﬂuﬂa&mwr}i@m@mﬂi@ uazilu
Tspszuumainumelases

o A o !

3)uansznusiedng Ae aziandeuuazinatedngsie Wasmieiaa

q

iy degawanang Tuseuw ludn uaz@ lueu

Photochemical oxidant formation ffrauazgninisnnn
Tneldandnannlunsifinlalsunuiaindfnsaiuas-iail (photochemical ozone
creation potentials: POCP) @sldansieviau (Ethylene : CoHy) iluans

#1984 pananadnaginglunisen 4.6

A5 4.0 FaetvanARNNREaTHeuYTaeARILANEE]
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/1% POCP; ans POCP;
(kg C,H,- (kg C,H,-
equiv./kg) equiv./kg)
Alkanes Non-methane hydrocabons
(NMVOCO)
Methane 0.007 0.416
Average
Ethane 0.082 Alcoholes
Propane 0.42 Methane 0.123
Olefins Ethanol 0.268
Ethylene 1.00 Average 0.196
Propene 1.030 Aldehydes
Average 0.906 Formaldehyde 0.421
Alkines Acealdehyde 0.527
Acetylen 0.168 Average 0.443
Aromates Ketones
Benzene 0.189 Acetone 0.178
Toluene 0.563 Average 0.326
o-xylene 0.666 Hyrocabons
Average 0.761 Average \ 0.377

fiun : Heijungs, R. et al; Environmental Life Cycle Assessment of Products: Guide, Ed.
CML (Center of Environmental

Science),

Leiden 1992

GEGRIN

ziegelhandbuch.org/eng/umwelt/wirkkatvoc.htm
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' v a [ a 3
4.41.4 msnaliiiaanndunsalufuiazinasn
dangnisadilunas unnede nasneliiinmanuiduns luhuuazunain
TnafiArauiunga-ans (pH) AN9N 5.6 S989AN pH WatazuanANluns ALY
a dl | o a | dl o [ % = 1 a A
ansuaneidusanisresnisinaanidunsaluussaniandiAny Ney 2 1ia A 1)
aanlasuesiaes (50) 1dun Aadamasineenlad (SO,) uazfnadamaslnseanlas
(SO,) war 2) aanladaaslulngiau (NO,) laun Ardeanlasuaslulnsian (NO,) Téun A
a & &Y c 1 dl a 1 djjd nll
lumaaaanlds (NO) wazinglulnsiaulaaanlas (NO,) uvasiunwa9d1IuaRnanITN9
I UUVANEINTNALALINIAAINAANTTHTBINY
wiassssnafann IiiAnatensaluussanae 18un nisauaznissziin
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] o & a a o ' | ¥ ! a rdld 1 c
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o g o ¥ 1 dy a a ] dl a
1aviaiafuaveenladuesiulngan lHun nsmndemasasdalssinnene ilenan
nszua i uazndenu wananileenladresdamesiuinaingnainnessussinnsine
1y gaa1unssunduundulinsaen anaivnssunaansan Nyiu douaanlamaag
lulnsawiinangnanunssndszinnenee 1w gaaunssunannInfulsz@ouas
A19U3TNeL RATUNIINNARNLY LATEAAIUNIINNARIMYITILIA
aanlannasdainasuazaanlafaaslulasiaungniaauaanain
wasnladnguasainia azgnilasuliifunsadanianaznsalussafauljnseniu

3
a ]

AANTIAULAZAMNTULAIANNALGWUAY ARNIAANITAZANTRINIATU NTANAZANTBINTA

a

ald 2 ¥19 A nnsanazaNidlan (Wet Deposition) Wunszuaunisiinsadasa uaz nem

Tusaluusseniasansaiums uazsaninailudunnasgivunu nidniuluae dunsn
Y . o) s S T
LAZNIFNAZANWIN (Dry Deposition) tluntsanzesnsaluaninsilaifisniudaulsznay
4 I 2 o & &Y o o
1un nsenvesfinadaesineanlad fmeanlafaedlulngau uareaunia/azeasdaimm
wazluimam naafuasuaeslutsseiniAazgnivan linaanuazanazanuuiony Auld
QI U % = ¥ ! C
aeniaaina santeniadngszuunisnalazeaueidae
Hunsailennasunuuasiuaziuiu azneliifianansenusng ) Al
1) uansznusadan Weavainaslsznavdaiefarnnsnniansauianuay
nal ! % ! 3| o/ ! ¥ a o 1 o I %
Aeneairerine wazdludasaliiinnisinndeusaslans danneaing
au 7 lABnuaInuanaia soNsialingu Audeu Autuin neziies
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2) wansznusatlfuazsinanisiva na1ana dunsailudunssan
Tnumss Wit loslansailagniunsaazindifuwnavwazniely denali
U ligninane nanNaresiTATEFNAANAY
A A o va A 5
3) nansznuAenu AanIsaAnazanteaInsainliRuANdunIaNINaY
o £% A a 1 al
iR sNTuNTta Wy Ca , Mg uar K gouidelil Aonuga
ANYIIIR9AUAIANAY wanantuinlisnglansuiinlufu 11y

1
o
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panu ENNNTU M 1FERRR LR NN aNaRwTiasannn1stwilauaaa
Tavgminunnau duaseitasinanlgnlunznusinaingalansmin
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ulilazanlilufuuaznandaienafluduamasaduzinals
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an1nlunsaNnnNdy Anansznusanisansadinaaalanduasinemnn
1 dl =) o o‘%’ 1 1 dl o [ %
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5) NANTTNUABEINTNEUNNE Aadaasinaanlasdenansenusa
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WBanaufild (n.n.)/ Autaludinun
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niwennsignuilsldlug , Aisansaidnduln 0
niwennglusi | Lisunsaiiadivlu

> By 1200
> Hudumu 200
> vae 40
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> fuldu 40
ninennsfignuilsldlus | lisunsaiindula

fuiman 3
dautlsznavdug 0

furuuinsINeaIRgALaMNA : 1,513 n.n. / duaasudinug
AnTlu 96% waeimgAunanuanldlunisnanyudinun

v
a °

l@sunnsldnsnensauuaziin

1Y & a o a 1w s
NAWIUNUN ﬂwu’lu’ﬂﬂunizuquﬂ’liwaﬁﬁ’aElu“ll’mgu%mum

Meaziden T wdagl
fnudiu 0.006 i
anlusd 0.140 an
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NINIRRALILAN QRETTNE T nsuAuidn gl
Hananmine

NANENI9BINA (DLANTNARAN):
Co, 2.000E+01 9.090E+02 4.200E+01 3.570E+01
CH, 1.070E-03 1.280E-03 2.580E-01 2.200E-02
N,O 6.050E-04 6.740E-04 1.180E-03 1.310E-03
SO, 1.860E-02 2.080E-02 3.380E-02 6.570E-02
NOXx 7.860E-02 9.200E-01 1.360E-01 6.800E-01
NMVOC 3.660E-03 4.620E-03 1.210E-02 1.220E-01
co 9.710E-03 1.170E-02 1.790E-02 2.030E-01
NH, 4.490E-06 5.910E-06 2.240E-05 2.010E-04
NARENGUN (Alansusas):
COD 4.040E-06 5.320E-06 1.010E-04 1.810E-04
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432

global warming (GWP100)
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photochemical oxidetion

acidification

eutrophication

Comparing product stages; Methoe: CML 2 baseline 2000 (Ecft_Thai) § World, 1935 / characterization
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RRAMNITUNARIMANTUNAN wazgRaNIsuNARANdulae (317 5.1)

a

NISHARLRANTUAY

Hun13tnduduan (Iron Ore) NlAANNUNBINENUNTZLIUANTEN  (Sintering)
naiilule (Pelletization) WATNIINGIAINANGL NARATIMANTIAN 2 wuu ldun wén
g9 (Pig Iron) WAZIANWIY (Sponge Iron %38 Direct Reduced Iron) Tagivia llanunsnuiis

s a <3 ZJ/ ¥ P aa 1 1% 1
ﬂﬁ‘ﬁ‘NQﬁﬂ’Wﬁ‘Nﬂ[ﬂmﬂﬂ‘ﬂuﬁlu‘ﬂ'ﬂﬂlﬂmu 3 'JﬁEL‘Vm_IW "'I 1@Lm
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(1) nsngamaniaeldimngauuunuan (Blast Furnace) {unsssdan1sngaman

q

wuuiin daflunisldeiniefeuniudnllluenngelaaldaiulAn (coke) Tauan

% ' a [ % a dlo [ % (<3 dl 1% 1% Qd-ljj =
IHannguiiu (coal) nuiluingaunddny wanfildainnisngesedstazEan
FUNANNG

(2) NMsnguInansaeRsanaandiaulatns (Direct Reduction) L{unssuisniangs

1
1 a

wianuuulrdnineuLaatuniNIn9n 45 1 Inedanstiiflunslgfanidy
. 1 (2] a o v dl dli’ a o v a aan
Reduction gas i fngassuand Nuiniduaemas uazinliifiadiisanan

a dl dl o aaa v a ' 3 v <3 dld dl = | [
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(3) N1INRIUANGAIERS Smelting Reduction Lﬂumiﬁdﬁmm@qmﬁmmuimuﬁ
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(1) N3raaNAIReNTLaL (Basic Oxygen Furnace: BOF) unszuaunIsuam
< )y ° o pRp o Y | A
WANNAN Tmﬂmﬁmmeaﬂmmmmﬁmm@gLmemmnqmuuwu@u 1198

q

yeafeana MAmuandn ldnansaunedon lddnlllumnaen wdaRinnng
Nupand@udn llumn  waZANNANG  (fluxes) Wan 9aRaRaLlwlusinwan
o '8 o =) [ ] dl o

AuANUTIdaes Weaneda sondemILANNNTIANTRUNNTTLATIYADN
Inanandn dqunnlsun cao war Mgo Teanisuaanlumiesndiawnilily
[~ all 1o % ¥ [ % ¥ QI 1 [ [ 3
dunszuqunisnldaudusesldnasauainniauenidiuiin e Aanas
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NNTNUANNTIATULIULAZAILAIUBIAT (combination blown)

2) nsnaanlumnansalndn (Electric Arc Furnace: EAF) WIWAILLNUNNTHAR

v
wiannanlaglfamuaniiudngAumdn  (U19ATIeNAtMANDgIUTALAN Y
! o [~ o al 1

WHANLNE1) TngiAmuranuiinisaes lunaaninistassnszua lin
HNuLyNB LA MIANat A uLINIaYANARN YN lRiAAYNFaUAINNNg
anfaliinszndnalaeaesdidalnsaduiiowan Mldwanuenfeuauign

a

naauwan T Malszanns 1-2 dalue luszninanisnaenazinsiAndmngau

q
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Wnluandszanos 1-2 Af Wawmdanuaanmadauiluiman (molten steel) A
- a o A o o a ¥ & - a a
AN ANNANTINEN19AAALUBBNANNUUAN WAZNNITRANUEBNTLALLUAN
o py o a o aaa o o I s o o
Al lummasnieleenauindfnseduinganfueusanenlad vl
5 X, e . X

AnFauNe T maeNgaauTan N IaaNIAdIEIE Y

(3) nsuaanluanlemuasn (Open-hearth Furnace) {lunssuABuuLLinTg
taaiiulddeainisldenuuds  Wasaniduwmnidss@nininnisldndasnus
dl al o a '8 aal [~1 o [3
Wasuiueneandiauiazenafaliin 35nisusenilunisinemanngs
Tddn U Tulanaaeaen WadnghuBurassmadalinalszann 2 dalus
Aavrueandiaudildludeann vl eldnsnaenwmasreananitlulilasng
79139 WHAWANMARNUMANTWTNWANLARNAzBNNANdWen1andednlsnaan

ANNUUAN

unmannldniandsnisuaaslumnazdunszuounisliulsanninaeainman
(refining) BARIUNNIENUNIZLAUNNIUABMANKLLABLILEY (continuous casting) Tauilu
%’ < dl a v 1 ra e‘d‘ Y o a o ‘dlil d@l a [ 3
nIzUAUNIMUNMANTINAS [asguiaviiine 1WA nanA e lug uuuisesnis  Tenansioe
AlFannnsuanuandunateatwuneantdiy 3 dszinn laun wanuieena (Billet) wian

ung vy (Bloom, Beam, Blanks) LaziMANLYNLLY (Slab)

a < &
NIsHARLUAnARLaNe

Wudupeunisudsgtiwdnuisildannisn@smudndunanssnlifammmusn e

3 DAl ! ¥ = < v o o 1% =R

ANMANUIRIUNMIaeNudaaziadudazilsy Aniulunisrnld 14 selomiag
% = o 1 ] ‘3‘ ZJ/ ! <3 . % ! %
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a o . ~ Y a o o @ aa an Ay =
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anagni I 4 Idnevzagniinlliiunsssdsau o) Wk Wu nnseuden (annealing) N1s
NANNAZBIARIMAN  (pickling) N193ugl  (foaming) lUaulenisenusiaia  (surface
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i dnunulFatia WAnuRARaLFNg
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(3) nquwARAIiANIUNINEY laun nAndnEinaniassaisglnssuaunalng
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5.3 NICARAFIUNTTHLUAN

[
5.3.1 ﬂ’]')%’qm@’]ﬂﬂiﬁﬂtﬁ@ﬂﬂl’ﬂﬂiﬂﬂ

HANRALATAINFBINNINARATANTasTanAINEUIRs 1ISI (International
Iron and Steel Institute) WudHuualiNgauatinsiaiiownaen 5 Tuasgausiilunismvls

PigeinitlesannnazaumaeaAssgialaninaaniyugasl 2544 (113199 5.1)

A9 5.1 adsliunoinsnanmanaaalanluszmdnedl 2541-2545

UFuaun1suan (R1UAY)
Ussina
1l 2541 il 2542 1l 2543 3 2544 3 2545
au 1141 123.7 127.2 150.9 181.6
ialu 93.5 94.2 106.4 102.9 107.7
anigalisng 97.3 96.3 101.5 90.1 92.2
AT 455 83.1 59.1 59.0 59.8
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USH1uNITHAR (RATUAW)
szina

1l 2541 1l 2542 3] 2543 3l 2544 3] 2545
NNUA LA 39.9 41.0 43.1 43.9 45.4
sl 441 421 46.4 44.8 45
YLATU N/A N/A- 31.4 33.1 33.4
9T 25.8 25.0 27.9 26.7 29.6
GINEH 23.9 24.3 26.9 27.3 28.8
Gl 25.8 24.9 26.7 26.5 26.1
ﬂszmﬁ%"uj 225.3 217.1 30.8 22.3 22.3
FANUTHUNANAR 760.4 772.1 847.2 850.3 902.2

7A3": International Iron and Steel Institute (ﬂ W.A. 2545)

'
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. _ . AU L. ANAINITHAR e
NARNTT FUAYDING 51 0] walulagnisuam . o ANTUNFNITNY
{59971 (ARl
wandusy | wannge 1 Blast Furnace 3.4 FRAILN
AN 1 Inmetco 1.00 103
2 Midrex 1.20,0.75 TRIRY, TTABN
2 Fastmet 1.80, 0.90 Uszaqupsdus, sveng
PP 6
WANTUNANY | WANWVINEIY 6 Electric Arc Furnace 2.38 . .
- TEHD, ANYT, LNTILT,
wianuvslugy 3 Electric Arc Furnace 0.46 -
aynslsnIg, 1813
LUANUYLLIY 1 Electric Arc Furnace 0.06
594 10
wiandulae | wiandu 95 N/A 4.87 N/A
WANANA 6 N/A 1.09 N/A
waninseai1egingsn 20 N/A N/A N/A
WANuHUTAau 4 N/A 6.00 N/A
WANUETALE 3 N/A 2.50 N/A
WRNLEARALRY 7 N/A 0.90 N/A
Wanvia 40 N/A 0.81 N/A
wiingUwssuafintugifiu 15 N/A N/A N/A
794 188

N7 NIUNTNRINNIBIT NIZNINAAANMNITH (2544)
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AN59N 5.3 ADALENNNTHAMWANTunansaading Tl 2538-2543
UFNUNISHAR (AU)
91¢8N19
1l 2538 1l 2539 1l 2540 1l 2541 1l 2542 1l 2543

WIANWYISENa (Billet)”
- A1AINTHAR 2,183,000 2,148,000 2,381,000 2,440,000 2,380,000, 2,380,000
- 13NN INER 1,627,488 1,556,709 1,503,745 1,279,833 1,167,778| 1,186,010
- ngldnnaeansean(Fasaz) 74.55 72.47 63.16 52.45 48.90 49.80)
wianuvislunj
(Blooms, Beam Blanks)y
- 1BHAUNINER 4234500 458,182 465,705 290,800, 306,380 461,569
9N BHINIHAR 2,050,938 2,014,891 1,969,450 1,570,633 1,474,158 1,647,579

fan: 1/ AinatiAniAnsudnuaznisads aegiudaya suiatsuisssmelne

2/ naslannssu NIUNTNENNTEICH NITNTWNYAATUNTIN
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a

v
o

foeilALIaNZNARA T AN UL aNsl

PSR 54 adRLEuNINNARNARA AN UL aneesine T 2538-2544
dFunu(mu)
91eN19
7l 2538 1l 2539 1l 2540 7l 2541 7l 2542 1l 2543 7l 2544

NYNUANNTIENT 2,085,873 2,204526| 2,279,952| 1,504,827 1,838,200| 1,766,920 1,966,105
- mAnEu 1578,867| 1,651,599 1,671,743| 1,137,812| 1,420,000 1,355,628 1,536,663
- mAnaan 283,651 324,436 397,684 236,366 295,264 284,101 286,917
- IANAIALIIAG 223,355 228,491 210,525 130,649 122,936 127,191 142,525
NANLUANNTINLIY 2,328,867| 2,405878| 2,132,479 1,847,907 3.416,135| 4,812,369 4,560,032
- WAnuEiuIRFau 1,137,901| 1,150,953 913,296 665,179| 1,520,000 2,241,330 1,894,920
- wAnuelaaLfiu - - 63,157 395,445 970,000| 1,508,402| 1,534,126
- Viamdn 549,785 605,468 511,623 329,871 374,152 477,665 489,378
- wAnuNugUAINEd 370,033 387,457 387,000 251,012 301,553 368,554 434,125
- IMANUNWARDLAYN 271,148 262,000 257,403 206,400 250,430 216,418 207,483

FeLY 4,414,740 4,610,404| 10,257,200| 3,352,734| 5,254,335| 6,579,289 6,526,137

N0 NIUNFNRNIDICE NITNIWGAAINNITH UATANINITUAIZNITUNNIAETUNNTAMU (2544)

| 1 2
= a K ﬂ
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Tanwasaniafendauivlunaings doywinisnatunnisdnzesanigaadunanley
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TiAsnsuaRatnFaeay 41 43 Az 33 ANNAAL

ANSNA 55 aARmdInaRNARSETaAnTuLaneveslng T 2538-2544
USunau(Au)
T18N1T9
112538 | 12539 | 12540 | 1l 2541 Tl 2542 | 12543 | 12544

NANLUANNSIEND 3,584,400 3,637,400 4,985,000 4,985,000 4,877,000 4,877,000 4,877,000
- widnidu 2,794,400 2,799,400 3,839,400 3,839,400 3,791,400 3,791,400 3,791,400
- Widnaan 448,000,  493,0000 738,000 720,000 660,000 660,000 660,000
- IMANAIALIIFIG 342,0000 345000 4256000 425600 425600 425600 425600
NANLAANNI ALY 4,013,800 4,122,200 5,272,200 9,217,200 10,217,200 10,217,000 10,217,000
- wdnuiFaieu 2,400,000 2,400,000 2,400,000 6,000,000 6,000,000 6,000,000 6,000,000
- widnuehiFauiu - { 1,200,000 1,500,000 2,500,000 2,500,000 2,500,000
- Yiawéan 753,800 862,200 812,200 8122000 812,200 812,200 812,200
- wAnusuguAIngd 555000 555000 555,000 600,000 600,000 600,000 600,000
- WANUKWARBLALN 305,0000 305,000 305000 305000 305,000 305,000 305,000
ERTY 7,598,200 7,759,600 10,257,200 14,202,200 15,094,200 15,094,200 15,094,200

fun: §eannsuninenessdl nssnsnsgaaunssnlunsaeuanangisznaunig
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PanfapaiumanuiiTafauuasndnuitIa Ul BN usNIYAY 574,151 Fu Tnsanaq

anilneusasay 43.1 waz 39.0 AMNAIFL (ANT197 5.6)

A1579% 5.6 ansnstiduazdsesnnansafivanaasine T 2542-2544
UFunaunsiingi () dsunaunisdeaan
T1ENIT
12542 | 112543 | 12544 | 12542 | 12543 | 1l 2544

WANIRAL 796,149 1,054,095 809,990 91,341 115747 125,850
- wannge 139,451 312,763 113,478 15,316 15,787 13,561
- LABHTAN 629,698 741,332 696,512 76,025 99,9600 102,465
WMANTUNAT 3,190,960 2,736,852 2,791,792 257 33,191 9,824
wAndulane 3,970,841 3,990,926 4,382,909 1,284,355 1,968,409 1,355,587
NANUANNTIED 530,768 593,696 602,149 411,931 539,574 428,910
- wAnu 124,542 165,629 177,739 135,665 75,885 73,875
- WAnaIA 334,455 323,388 329,709 8,148 28,062 13,855
- IMANATALIIFNEY 41,372 40,238 54,214 55978 116,070 76,408
- wianlasaaineginssoy 30,399 64,441 40,487 212,140 319,557 264,772
NANUANNTIRUY 3,440,073 3,397,230| 3,780,760| 872,424 1428835 926,677
- wAnuHInfauLaaLfY 2,811,350, 2,741,580 3,088,090 567,571 1,009,792 574,151
- viawan 164,522 112,517 135669 189,880 285327 229,861
- wanuHwAdauRa(qulany) 464,201 543,133 557,001 113973 133,716 1,221,665
Auq 74,077 86,843 69,124 14,761 75151 294,216
SANIINNA 8,005,027| 7,868,716/ 8,053,815 1,390,714 2192498 1,785,477
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wannQa (Pig Iron) AU 43.87% -
BRI 24.73% -

UTa 23.88% -

VALUAN (Scrap)
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1f15 19.19%

MR 8.89%

f1lu 39.16%
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15194 26.77%

\NUA 17.54%
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wanBa (Mn) Ganaw (Si) Tasieas (Cr) Wi (Ni) agRillan (Al) waalias (Ca) Tusew (B)
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Tavaas (Co) TWALATIN (Mo) Tnn e (Ti) uazau <)

54.3 WAMNIY

waw il lunpgaanssuranvanvasinaulivasniiu 2 9ila Aa wawa v

d’l a o (= dl o o dl a =3 il/
wazimanas wasuliiduansrsgltnandAnyige lunseusunisudmmandunans
Tnaflaqiiunalulssnunanmaninazdanilnintas (Sub-Station) iaiunszualning

panNnanng AN e nanwisdsmalng  uazdesianngasuuanada (Electricity Grid
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o

Mix) 7israenisfnuasuans uwaznisinindauninie deusesmamaindrAnylunsyuou
nsudamantaun fing LPG unsiuhivta wazunsiwmn aglull 2544 wudin1pgaaunsss
wianaedinadinisldnng LPG 60,740,000 ans (Aaludasay 1.6 2e915urmun1sldnng
?:/ % o a a v 2/%’ o
LPG lauum) tnsupima 25,343,000 ans (Aawludasay 0.17 2a9d3u1anslduindunema

v
o o

TINHA) WAZHNTUAN 232,758,000 aR3 (AALTILTREAZ 5.08 Ua9L5H04NNT 1T IANTaUNe)

54.4 @aNTLaU WATNTELRAY

1
=

sanflauazgniiliudnfgeendiau Tulnsiau wazenfneu daduansisogllnad
snflugedldlunansduneuensyuouniadamin  feiuanelaanudsdinissalaman
aandlauniglulsenues vieenaillsuaneandiauluidinalndinaelsany L‘ﬁmﬁﬁmm
nsapANsefieeendauiiaylden Taalssnundneendiautiuindudeddnss

UlAN Tatin waztinuaafiulunseuiuniuam

a & &
5.5 NISUAUNTITHARALUNANUAUNANN

a < 9:/ dl dldil 1 =2 a < ¥
nszuauNNINaAmUANduNans (U 5.5) luillaanaiadanisudamaning g
anfalvin  mendudsndsendandsaulduinniinisuanmaniaaldinngaunumuan
pouAlUALEAaNaaNTIAWHAINLLAS 1 FUIMANTINAR LS 1HeIRaINgAAIMNITHNAR

wiandunaaas naianualdiniasa tid lunsuae
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519 55  nazuounsuanmaniagldinien el
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- faaduilsenay —_—
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WaANAUA
HANAUNRY

nanAuTanN lgatnmansa lfliaaudeladle 2 desinm dun wanndnlns

= dld | @ [ 'S dJ =2 1%
YIRNFENINUANNAIANTLAU (carbon steel) TIATUNTETINDY low alloyed steel ARel WAL
=3 % . a =3 14 a v :’,
WANNA1UszIN high alloyed steels Iagnszuaunsanwannanlni azilsznaudiaadu

FIOUNAN ) A9
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[ (-3 = [ a
5.5.1 ﬂ’]%‘QﬂLﬂ‘LILL@Sﬂ’]%‘LIﬂ%‘EIN'JEIQW]J

o 1

o 3 3 o a o v Wdﬁl dl 1 o o d”
mfmmmuLm:rmmmmqmummmhwummmiufy WWM@Q@WLL@ZQWM?@Q?U@EI'N

v
%

winnzan witnalssnuarldiiluiuniasliivdsen dmdudngavau o) 1dun Wand Talivi
v
WULENUAZULILARY U119 ANFUaU 8aaHs (alloys) ANTLANLAN LL@z‘ﬁgmuiw WA TanL
v [~3 a dld a A [~3 = ndla a A o [-3
FavivluiBnuninisnaguilada  winiduneiasigentlaatinizadnisdaniululala

1 % 1 o [ dJ 1 173 1
LL@ﬁﬂ’]ﬁ‘ﬂu’&\‘im‘ﬂflLﬂu1ﬂ‘ﬂﬂ’]ﬂﬁ3&lﬂﬁ‘3'ﬂﬂﬁﬂﬂ’]ﬁLLMQ@W@I‘H?ZHU@NI‘L&W}?%M@\‘]
1 [ .
552 n1sAuLALUAN (Scrap preheating)

nsguiamnaniumatialuindniswaunauindmiunszuaunisuasmaniag 14
wanfaliin Tnedunisrinaruferainingie (off gas) MAATUaNNA1aFA IWHINALNN
Tdguiammuaniilenduinghu eilaqiiuilssnuninnds 20 wivialanildmaiiaiilunis

WA

553 n1staudngau (Charging)

i
a

nstlaulAsanaslianasaduenaantédy 3 409 dousniAHUAnN IFSn

wiseinld Bucket wdnazgninsuanaulimasluenanfalidn andusidninsanansegidnu
d? % [ % a ¥ K QI ZJ/ I8 1

UNIBAAIMAANATYNENTY  WiaNun1sl Al mudaAEnduneun1smninlnanslaas

nezud ndeudiannanAas 7 naaslumvasy N lMiAnANNFaUAINNI81TATRIWYIY

1
o a A

adnTnsauaznszua i nazipuluundsingaunad lunivaen  nalifanisansaluin
v v

semdnatanaaasdiininsanuioraswanauAuanuaaNFuiIMAN  AnduaInianig
Fnand 1w Yuana uszuslalaludasliluaiedasnidndaaatluaanaintiimwanasn

LL/ =3 ndl [~1 9; [~3 ¥y KX A [ % a
A luglresninawman (slag) Warmmdanazateiduimdnunauasasinistleudngau
waztfiFmiewmndluaii 2 wazaian 3 seld Slnsdnflunisldrmudnaiuanay
taurmmanaslumnlszunniesas 50-60 1DINIAILARTBAINADN ANTuN1sTouAs

7 2 1Ay 3 AIAAAIATNAGL
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=

5.5.4 ﬂ’\'i‘na'aumgmmzm"a‘ﬁﬂﬁ/u?QWﬁ (Arc Furnace melting and refining)

TugqaiFnaesniavaen  mdelnianldasidlumiazligainietlasiunia@anie
[ al % I a G dl o M v <

20ILBAUATNIG L Rs AN FRuTRuTNB AN IRl Idquath luAmndn uaz
4‘4‘ a '8 :g o [~3 [~3 ¢=4I 1 I Aa e o ¥ A:II A
\Hafian1sanfa AN TuasiUAMUAN Wmudnfiagsas < wivaidnmanasyinurininiiew
Taflasiunilauazannisgouidaaanuiauadls Aaiunnasluwinlunisensaasanunsoiamu
Tsaunnsuaaniadaany sl Tnaludasszudenisusantiudauninazinisld Oxygen lance
s Oxy-fuel bumer i lddaaldniaaenadaanysalidary ddemainldenaduing

¥ A

893NTALATUNNY wananteandiauaiagniuaslugumanlding nozzle Nagaulsiise
R TN R EEY b
tlaqiiunisldaandiaudniunszuounismassimaniduniouunay  weasaindae
ansunuafueunelulnimanas uazindnesdlsznausing < Nlfeanis i Weaneda
= aa o '8 dsj dl a [ aaa [ %
wuanid Fameu wardaes wananniillesendiaunilnsaiduaisseney
lalasmnfueu azifianisAnaanfeuauy duardoainanuFeuluauazlssudnimewas
Tunisuaeinan adlsfinin  wavesnisaneandaudi il lumiazinlmifafnguasu
finee) WA U AnfuenNeuantas Andueulneanled eynireanladresndn uazey
dq/w I'e A ey dl dl = & ] dl | 4
uananiingenineuviseinmiaesau | anagnandiludasaesnisvaen ivadanly
gruuiianNaNnauazdaalifanisnaunelusmaen s liiAnannzannavas

ANNAMANALLNUANA lLAN
H [ & =
555 NISINUILUANLASAISINNINALAAN

Tulsseunliinszuounislfulaennnintimén (Refining) nineIuaziansis
FanasAuardN T ANLAIRd 1 UV UAN TUEanaW/Is NI NI TNUNUAN  d17WRNLEeN 1A
o v a ;3 1 904 < 424/ < 1 o
avlazyinliifnlaszme (fume) geaulusendnnismunmuan nNTUWANAZgNUENTBWAN
4 < = ¥ v v 1% X < o A X < '
msmtmanlaeniadaann ildandAnsmss wazmnintmanasluiizassuuinugaag]

°l 1 s %’ < % 1 o vl da/ T Aa o v Y dl
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556 nsUsulgesnmmwidnuan

nsdiupennunniumdniiseunsiiizandn “ladle treatment” Wunszuaunimm
wiannlgarnmansa i i ldnunnandeanisnauazaslignszuaunisvaaimansial
£ a2 APy . o o -
mumunwﬁbﬂszuuzﬁm&@ﬁmm (vacuum generation system) waztuui Mszunanda lwin

(arc heating unit) Ingludaellazinnsldfinaeewasiindanaamuuuaeas bl ludnman

557 NISAANISNINULUAAN

1 1 &
a

Tnannfdsiinacugiunismninaman Ae duuazadiy nnTwmandedsieuazgn
yeaanuwargnin WdulaanisanlstinneunaninunuauazAnaanivanaztinlanenay
¥ alalld o dg/ <3 [ 1 A o 3 o o o
wld (lunsdindnszusunisinintwdanndusn lud)  videeagndmfivuaztinlinndn

agagnissely (lunstinlainisiindusnldlng)
5.5.8 N1TuAaLULABLIAY (Continuous Casting)

TnelnfAvnmanazgninuidunszusunvaatuusaitiaane I IANA AR UWIEN
3| 1 dl [ o 173 ¥ ! 1 3 1 =3 1 1
Wuwianusneiunisidssgnafldenusnusng o du wanuisene wanwislugy uae
< | H < o | o i < o ¥ o
wianuvuLY Inedndnazgninaindd Ladle aegad Tundish Feinuiintleuuazaiunu
dmanistlautianasluularineuasaagniaaifiugosin N BN Mmanzan wen

o

dil dl o < o a 1 < dl o 1 a =R ¥ IS ul/ a a
AINPN LRI UNITUIIAI T RAUAUUANNNIAINAD  LWNWNAAIAAINN 74U L UAAN 1AL

v Aa
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k% 1 4‘4‘ A %’ o A 1 [~ -QII -dl (% a & ] 1 dll o Y &
potNTaeAUNTatNNUNT  wisuaniAaeufaananLHfiuetNwsailesazgnin iy
Tnannsnuazaasidnlllnanss Wauiamanudasnanysniids azinnisdnuraman iy
% 3 dll %3 %3 o
PUNARINABINTF LA T LATRIF ALLILB F 1R
AMFUNIZLIUNNINARLUANLITZLNN high alloyed and special steels 14 dURaUNg
a al 1 dl o £ 1 a [~3 % [ Qul/ al
NARArdANAaLladlardUFauNINNIINITNAMMANNA ANTUauLLLUNA ] Taad
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NUNNNINTY U nszvaunsinannIdndames nsvuaunisindnfinanazaiaag L
Tulnsiauuazlalaau waznszuaunisniamAsuewn (A2838 Argon-Oxygen-

Decarburisation 138 Vacuum-Oxygen-Decarburisation) Wi
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5.6 NANTZNUNNEUINRDN
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tlymananaay
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tlymananaay

LURINILUA

s1aazLAEn

4) Ydel

NITLIUNITUABLEL

UURLANNIIUARUANHTRENN LHiaganngldHndau
Tuayiveiuvaeifiugnenibing o 1y wvaen uay
| s 4 3 , X = \
uuLuae (mold) s FeinmanuargnuyuRauEIY
nanAnuifiunaztinauld vy atnglsfipnn azi
nnganasinieaantduegaunFaniunismnun vl
o ¥ o a H @ oaa Y
Wrszuulasndgaziianannunnaaiunil AN ANy
114209819729ALTENALIAUNIINIATFIUTRITELLNY U
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DEUUNALNN 1

5) HANNIENIUAEI

NNIAALALLAZNNTIATE N

LATHUAN

NNIVABNLALLUAN

nanend@aaiutlymdAyaeenszuiunisuan
WIAN  NFNALRLNAIIUTIIN1 I AL LLAZ NN TR TN LA
AN T99N17E N VR NLATUANLALNITRNFAR 8LV
A He oo o o =

AANNIA WANANNREIHALNAIAINNITNINULBILATES
Angsing o Tneszaudesinevinliagssudng 90 - 125

dB(A)

ﬂl [ = 1| Q‘I o a [~3 b2 6
M159N 5.9 ‘ﬂ\‘lﬂﬂﬁ‘gﬂ‘ﬂlm”l\‘lLﬁN‘ﬂ‘ﬂ\‘]B;!M‘V]ﬂﬂiﬁﬁlﬁ]\‘lﬂ?@\‘]@qﬂﬂ’ﬁmﬂﬁ]Lﬂ@ﬂﬁfJHLﬁ]’]@’ﬁ‘ﬂVLWﬁ’]
. NRASIADLASIZH ANBNBINNNSHARLUAN ALl INA
a3Alsznay - . .
¥ o ANTsNURER LUANNA carbon/low | LUANNA highalloyed
(% Taguun) s .
wannarasine alloyed steel /Stainless steel
IRON 24.500 25-50 30-40
ZINC 23.300 10.0-35.0 2.0-10.0
LEAD 1.910 0.8-6 0.5-2
CADMIUM 0.025 0.02-0.1 0.01-0.08
COPPER 0.120 0.15-04 0.01-0.3
NICKEL 0.017 0.02-0.04 2.0-4.0
CHROMIUM OXIDE 0.200 0.2-1 10.0-20.0
POTASSIUM OXIDE 2.685 1.2-1.5 n/a
SODIUM PENTAOXIDE 2.800 1.5-1.9 n/a
ANADIUM 0.010 0.02-0.05 0.1-0.3
COBALT ND 0.001-0.002 n/a
CALCIUM OXIDE 9.310 4.0-15.0 5.0-17.0

5-25




seuatiuanysol Tasenis “nisdnringudeyanistssifindgnsdinuaniusiudmuiuasmdnndiianisdanisdaundan

NPT N@mq@mgf\fﬁ A1BNIBIAINMSHARUANANILlSzINA
% T qln‘l:siawmﬂ WUANNAA carbon/low | LUANNAN highalloyed
wannaadine alloyed steel /Stainless steel

IALUMINIUM OXIDE 0.925 0.3-0.7 1.0-4.0
MAGNESIUM OXIDE 2.415 1.0-5.0 2.0-5.0
SILICA OXIDE 0.870 1.5-5.0 7.0-10.0
SULPHUR 2.880 0.5-1.0 0.1-0.3
MANGANESE OXIDE 1.765 2.5-55 3.0-6.0
IARSENIC ND 0.003-0.08 n/a
MERCURY 0.001 0.0001-0.001 n/a
PHOSPHORUS PENTAOXIDE ND 0.2-0.6 0.01-0.1
FLUORINE 0.075 0.02-0.9 0.01-0.05
HYDROGEN FLUORIDE 0.075 n/a n/a
CHLORIDE 3.470 1.5-4.0 n/a
HYDROGEN CHLORIDE 3.570 n/a n/a
CARBON 2.930 0.5-2.0 0.5-1.0

ND : NON-DETECTABLE(COBALT<0.01%, ARSENIC<0.001%, PHOSPHORUS PENTAOXIDE<0.01%)

n/a : Not available

111: EUROFER EAF, 1997; Hoffmann, 1997; Strohmeier, 1996 Ua¥Naf9a3tA1eiluaInlsqsunanmandy

na1gaading 1 wia

m1519% 5.10 ﬂﬁﬁﬂi‘tﬂ’ﬂ‘].ﬁ/]’]%ﬁﬁﬁl’ﬂ\m’m%Lﬁﬁﬂ@qﬂﬂqﬁ‘mammﬁﬂﬁ"mLlﬁl’]’ﬂ’]ﬁfﬂw*ﬂﬁ

NAMTIANLATIEN ANB194D99N
asAlsznau anlssnundmuannaizasing nMSHARLUANANSLSEINA
(% Tmeninwin) NMNTLURN nNTwAN nNTUEN nNTMAN
[INLAN EAF [INLeN LHF RINLAN EAF RINLAN LHF
IRON 15.800 1.190 10.0-32.0 <2.0-5.0
CALCIUM OXIDE 17.800 58.200 25.0-45.0 30.0-50.0
CHROMIUM OXIDE 0.250 0.040 1.0-2.0 <05
ZINC OXIDE 0.200 0.040 0.02 n/a
COPPER OXIDE 0.014 0.003 0.03 n/a
NICKEL OXIDE 0.006 0.004 0.01-0.4 n/a
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NAMFIAILATIEN AND198991N
a9nilsznau anlsanunanuannataaslneg MsuAMUANFAILsEINA
(% Tmeinuiin) NNTLMARN ANTLHAN NNTLWRN ANTLHRN
aNLAN EAF QNLAN LHF aMNLAN EAF QINLAN LHF
SODIUM PENTAOXIDE 0.005 0.080 n/a n/a
POTASSIUM OXIDE 0.190 0.030 0.1 n/a
SILICA OXIDE 2.510 0.260 10.0-18.0 10.0-20.0
MAGNESIUM OXIDE 5.040 10.550 4.0-13.0 7.0-18.0
MANGANESE OXIDE 3.580 1.620 4.0-12.0 <1.0-5.0
ALUMINIUM OXIDE 4.360 2.020 3.0-8.0 3.0-12.0
TITANIUM OXIDE 5.780 3.180 0.3 n/a
VANADIUM PENTAOXIDE 0.030 0.020 0.11-0.25 n/a
SULPHUR 0.060 0.170 0.02 n/a
CARBON 0.33 n/a
PHOSPHORUS PENTAOXIDE ND ND 0.01-0.6 n/a

ND : NON-DETECTABLE(PHOSPHORUS PENTAOXIDE<0.01%)

111: EUROFER EAF, 1997; Hoffmann, 1997; Strohmeier, 1996 UavNaA39a3tAeiuaInlsaaunanmandy

nanaraalng 1 Wi

aznglsfimuainuanisdnmainadnanfuaud Ay reslssiruilymdnndan
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UNN 6

nsAn®N LCA luga@unssuinan

nmegaanssumanuaziannan lunansdssmalaiinauanlalunisin LCA 1
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M19199 6.1

saetngudeyanineadesiunsanmanuarseazigen

FIULANA
a9 u

s1EazLden

1. Tellus

fadeyauanseaziBan1ednszUauNIstes (unit process) Niag lurauianves
a < % ac = k7 ¥ o a o
MINARMANAYEAT BOS 718aZienteyalsvnaumieseniIsdngALuaTnad

U WAYIIENITE3T1RN (output emission) WHLAFUNARTNT wazi

aala o =

nalBeuiauszndnenItininisacuaniunsalliinisrauan emissions. tng

4 v o = & a
fadeya Uszneusan 1ydisnanis (LCI) vesnszileandnslaiha uaznszuau

[

A5 de-tinning 2edtAmuan  wiarliideyaeensruaunisuanuanduilane

a

(Finishing)

2. PIRa Int

ﬂ’mﬁﬂuﬂ@ PIRA Environmental Management Systems (PEMS) 4aavinuiinging
1N PIRA International luganewsiuasues PEMS qadeyalianisnaniian
aaniilu 2 ngu 1éun steel ingots uaz tinplate dayailsznavusiag inventory 189
wiaznszuaunTslusTLLRENeanysnl ;T\ﬂ,l,riiﬂ?mmﬂfﬁsﬁd”mqﬁu WA LAY

o o

] oK A X X = o o 2
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LYl

k7 1= v a o o J 3| ¥ dl dl
fayaazlitinisuandeglneais wianiduieyaasvesylstluan1izinain

A a s
Jdene s

3. Buwal 250

g ufaya BUWAL 250 nrntulag EMPA St Gallen UszinAaiaireSuaus T
1990 Anauneing Pre’Consultants Tugansiuasues SimaPro 5.1 gadeyauan
inventory data AM3LINIZUAUNNTELRYBENALIBEANIN Imﬂl,@wwzfaﬂ'wﬁlﬁmﬂ@
output emissions WazdteNIzUAUNIsIIAWIEl W N1siwmdesusuaznIg
ngaudndn s ﬁm%’mﬁ@ﬁﬁnw%ﬁuémmmam tinplate Tne/ldiAwinanann

neetlastlada Inauenidusuuiuazlifinszuaunis de-tinning.

4. IVAM

gufeya IVAM Environmental Research #e4uwanengs Amsterdam 4n
Amdelag Pre’Consultants lugenuasues SimaPro 4.0S gadayauenianis
WAmmEnataazdaan  AsLpquYNTUREUIRINNTHARIENLLL BOS uay
Usznaudiemaazidanresdoyansziauns finishing AUIUNINUENANUAAL

TNANARA T wae N AN AN TNARUANANNLATIUAD

al

5. IDEMAT2001

gudeya IDEMAT 2001 SovinTulnEAMEAFAN TN TR NLLILGAATMNTTH
NUNINeNaeY Delft University of Technology %ﬁﬂuﬁm%g@ﬁﬁwmmmn
IDEMAT 96 4nanmiinglng Pre’Consultants Tugenuwaires SimaPro 5.1 gade
yavenfeanznenAnmEniunans  uLLUARA N AuLsEnuazuLLA
HRRAMNAEUAN Tmm:lﬂui@sﬂamwmum@m%@mamﬁm Tidanaazipunves

NITUILNITEDE LATDLIANIFIANT LCI AZ39NDE NINIUARBIWIATE

6. Data Archieve

gudaya Data Archieve Hag/lu SimaPro 5.1 Tnenflugiudeyaiii (T 1990) #

P9UIINNNANTANAWIS SimaPro 4.0 1N Iagsausaunnanyiag uieyazes
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7. ETH-ESU96 (V19U
System Process baZbilil

Unit Process)

gudeys ETH-ESU96 ilugnudeyaindsenisdundsudvwin Swiss uaz

. . IS I . ¥ 29‘, ' 3 A o

Western European situation #8¢flu SimaPro 5.1 gadayatisjariuluizesreanas
y o Sy o o a1y

nuisvuan i lunsdanandmeiine o adlunisilfdeunsdinldsiesnis

seazi@enlu unit process dezvauuztinlilddayaly ETH-ESU 96 uuu

system process tasainaziinmuilunisauan waliifiaanududenly

IA7985192949 Loop WHaniNn1saAsey

¥ o

AIs9N 6.2 PenisgiudeyaninesdesiunszuauniINanman

Fudaya
NFzUUMSHAREE Tellus | PIRA | Buwal [ IVAM |IDEMA [ Data ETH-
(Unit Process) Int. 250 T 2001 | Archieve | ESU96
(SIU)
1 |IRON ORE MINING AND PROCESSING X X N/A X N/A X X
2 |IRON ORE PELLETISING N/A X N/A X N/A X X
3 |IRON ORE SINTERING X X N/A X N/A X X
4 |IRON PRODUCTION (CRUDE IRON) NA | NA | NA | NA X X X
5 |SCRAP (IRON) NA | NA | NA | NA | NA N/A x
6 |SCRAP (STAINLESS STEEL) NA | NA | NA | NA | NA N/A X
7 |COAL MINING AND PREPARATION NA | NA | NA | NA | NA X N/A
8 |COKE PRODUCTION X x N/A X N/A X N/A
9 |LIMESTONE MINING AND PROCESSING X X X X N/A X N/A
10 [LIME PRODUCTION X N/A X N/A X X X
11 [DOLOMITE MINING AND PROCESSING NA | NA | NA | NA | NA N/A N/A
12 [FEROMANGANESE MINING AND PROCESSING N/A X NA | NA | NA N/A N/A
13 [FLUORSPAR MINING AND PROCESSING N/A X NA | NA | NA N/A N/A
14 |FELDSPAR MINING AND PROCESSING NA | NA | NA X N/A N/A N/A
15 |OXYGEN PRODUCTION NA | NA X NA | NA X X
16 [ARGON PRODUCTION NA | NA | NA | NA | NA N/A X
17 [METHANE PRODUCTION NA | NA [ NA | NA [ NA X N/A
18 [SULPHURIC ACID (H2504) PRODUCTION N/A X X NA | NA N/A X
19 [HYDROCHLORIC ACID (HCL) PRODUCTION N/A X x N/A X N/A X
20 |PIG IRON PRODUCTION (BLAST FURNACE) X X N/A X X x N/A
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Fudaya
nsEUIUNISHARL s Tellus | PIRA | Buwal | IVAM [IDEMA Data ETH-
(Unit Process) Int. 250 T 2001 | Archieve [ ESU96
(S/u)
21 [STEEL PRODUCTION (BOS) (VIRGIN STEEL) X X N/A N/A X X N/A
22 |STEEL PRODUCTION FROM 23% SCRAP N/A N/A N/A N/A N/A X N/A
23 |STEEL PRODUCTION FROM 100% SCRAP N/A N/A N/A N/A X X N/A
24 |STEEL PRODUCTION FROM 20% RECYCLED STEEL N/A N/A N/A N/A N/A X N/A
25 |STEEL RECYCLING (40% SCRAP) IN BOS X N/A X N/A N/A N/A N/A
26 |HIGH ALLOY STEEL PRODUCTION N/A N/A N/A N/A N/A N/A X
27 |LOW ALLOY STEEL PRODUCTION N/A N/A N/A N/A N/A N/A X
28 |STEEL FOR MACHINERY PRODUCTION N/A N/A N/A N/A X N/A N/A
29 |CAST STEEL PRODUCTION N/A N/A N/A N/A X N/A X
30 |CAST IRON PRODUCTION N/A N/A N/A N/A X N/A N/A
31 |CONSTRUCTION STEEL PRODUCTION N/A N/A N/A N/A X N/A N/A
32 |STEEL DRAW (VERY LOW CARBON) PRODUCTION N/A N/A N/A N/A X N/A N/A
33 |HIGH GRADE STEEL PRODUCTION N/A N/A N/A N/A X N/A N/A
34 |HIGH TEMPERATURE STEEL PRODUCTION N/A N/A N/A N/A X N/A N/A
35 |LOW TEMPERATURE STEEL PRODUCTION N/A N/A N/A N/A X N/A N/A
36 |STEEL APPLIED FOR SPRING PRODUCTION N/A N/A N/A N/A X N/A N/A
37 |CONVERTER STEEL N/A N/A N/A N/A N/A N/A X
38 |STEEL SHEET PRODUCTION N/A N/A N/A N/A X X N/A
39 |STAINLESS STEEL PRODUCTION X N/A N/A N/A X N/A N/A
40 [OXYSTEEL PRODUCTION N/A N/A N/A X N/A N/A N/A
41 [COLDROLLED STEEL PRODUCTION N/A X N/A X N/A N/A N/A
42 [HOTROLLED STEEL PRODUCTION N/A N/A N/A X N/A N/A N/A
43 |GALVANIZED STEEL PRODUCTION N/A N/A N/A X N/A N/A N/A
44 [PRECOATED STEEL PRODUCTION N/A N/A N/A X N/A N/A N/A
45 [POWDER COATED STEEL PRODUCTION N/A N/A N/A X N/A N/A N/A
46 |ZINC COATED STEEL PRODUCTION N/A N/A N/A N/A N/A X N/A
47 [HOT STRIP MILL N/A X N/A X N/A N/A N/A
48 [SKIN PASS MILL N/A X N/A X N/A N/A N/A
49 [TIN ORE MINING AND PROCESSING N/A X N/A X N/A N/A N/A
50 |TINPLATED STEEL PRODUCTION N/A X X N/A N/A X N/A
51 |TIN PLATED STEEL FROM 20% SCRAP (WITHOUT DE-TINNING) N/A N/A X N/A N/A N/A N/A
52 |TIN PLATED STEEL FROM 20% SCRAP (WITH DE-TINNING) N/A N/A X N/A N/A N/A N/A
53 |TIN PLATED STEEL FROM 50% SCRAP (WITHOUT DE-TINNING) N/A N/A X N/A N/A N/A N/A
54 |TIN PLATED STEEL FROM 50% SCRAP (WITH DE-TINNING) N/A N/A X N/A N/A N/A N/A
55 |TIN PLATED STEEL FROM 80% SCRAP (WITHOUT DE-TINNING) N/A N/A X N/A N/A N/A N/A
56 [TIN PLATED STEEL FROM 80% SCRAP (WITH DE-TINNING) N/A N/A X N/A N/A N/A N/A
57 |TIN PLATED STEEL FROM 100% SCRAP (WITHOUT DE-TINNING) | N/A N/A X N/A N/A N/A N/A
58 [TIN PLATED STEEL FROM 100% SCRAP (WITH DE-TINNING) N/A N/A X N/A N/A N/A N/A
59 |TIN PLATED STEEL 20% USE OF RECYCLED TIN PLATE SCRAP N/A N/A N/A N/A N/A X N/A
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Fudaya

NsEUIUNISHARERY Tellus | PIRA | Buwal | IVAM (IDEMA Data ETH-

(Unit Process) Int. 250 T 2001 | Archieve | ESU96

(S/V)
60 |TIN PLATED STEEL 23% USE OF RECYCLED TIN PLATESCRAP | NA | NA | NA | NA | NA X N/A
61 [TIN PLATED STEEL 50% USE OF RECYCLED TIN PLATE SCRAP N/A N/A N/A N/A N/A X N/A
62 [TIN PLATED STEEL 100% USE OF RECYCLED TIN PLATE SCRAP N/A N/A N/A N/A N/A X N/A
63 |ECCS (ELECTROLITIC CHROME COATED) STEEL SHEET NA | NA X NA | NA N/A X
64 [ECCS STEEL USE OF 20% SCRAP N/A N/A X N/A N/A N/A N/A
65 [ECCS STEEL USE OF 50% SCRAP N/A N/A X N/A N/A N/A N/A
66 |ECCS STEEL USE OF 80% SCRAP NA | NA X NA | NA N/A N/A
67 |[ECCS STEEL USE OF 100% SCRAP N/A N/A X N/A N/A N/A N/A
68 |STEEL PICKLING (H2504) N/A X N/A X N/A N/A N/A
69 |STEEL PICKLING (HCL) N/A X N/A X N/A N/A N/A
70 [INGOT CASTING N/A X N/A X N/A N/A N/A
71 [CONTINUOUS CASTING N/A X N/A X N/A N/A N/A
72 |REFRACTORY RECYCLING N/A X NA | NA | NA N/A N/A
FANANUIUNTETUIUNTHARE DY 9 21 20 20 17 22 16

o o

A o o a a 1% c . ® o‘aI/ i
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lﬁl"l‘a"Nﬁ 6.3 mm'ﬁmmﬁﬂﬂ@zmw Hot Rolled Bar
WANUNIE
Hot Rolled Bar
. . (Billet)
3I8NITFIIVILVT “®ib2e
% Scrap to Billet Overall Yield
Yield 87.054% 84.007%

Direct Material Input

Scrap Ton/TP 1.15 1.19

Credit Return Scrap Ton/TP -0.05 -0.07
Total Material Ton/TP 1.10 1.12
Consumable Material

Silico-Manganeese Kg./TP 11.59 12.01

Al-kill Kg./TP 0.41 0.42

Recarburizer Kg./TP 0.59 0.62

Burnt Lime Kg./TP 30.77 31.89

Bunt Dolomite Kg./TP 15.38 15.94

Fluorspar Kg./TP 3.08 3.19

Injection Carbon/Coke Kg./TP 15.38 15.94

Oxygen Nm*/TP 36.70 38.53

Argon Nm*TP 0.10 0.10

Nitrogen Nm*TP 4.10 4.25

Electrodes & Nipples Kg./TP 2.56 2.66

Casting QOil USD/TP 0.10 0.10

Refractory—Reheating Furnace USD/TP 8.37 8.68
Utilities and Energy

Electricity — Direct KW-Hr/TP 546.82 695.98

Allocated — Electricity KW-Hr/TP 84.05 107.46

Natural Gas Gceal/TP 0.1 0.13

Bunker Oil Geal/TP - 0.47

Process Water m*/TP 0.41 2.43
MHEILUP :

1) NILUIUNNTHAR Hot Rolled Bar Hiflunnssinmanuyiaena (Billet) Mdundanncinunszuaunisinliiaulug

Tnednien Heat Furnace Ml Banaulnfnnldenadidngandning

2) TP yu18Ii FUNARTDT (ton product)

AUN: ADNUNANUAZIMANNAN (2546)

AN9199 6.4 NITUNARUANLTZLIAT Hot Rolled Coil (Strip)
AR NUTIIULI
Hot Rolled Coil
o 0 (Slab)
318013813821 “Bibae
% Scrap to Slab Overall Yield
Yield 87.628% 84.561%
Direct Material Input
Scrap Ton/TP 0.9 0.95
Pig lron Ton/TP 0.23 0.24
Credit Return Scrap Ton/TP -0.05 -0.07
Total Material Ton/TP 1.09 1.12
Consumable Material
Ferro Manganese HC Kg./TP 2.59 2.69
Ferro Manganese MC Kg./TP 1.12 1.16
Al-kill Kg./TP 2.92 3.02
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IR NUTIIUUT
Hot Rolled Coil
. , (Slab)
INYNTFITVLDT “h2e
% Scrap to Slab Overall Yield
Yield 87.628% 84.561%
Recarburizer Kg./TP 0.60 0.62
Ca Si Kg./TP 0.37 0.38
CaFe Kg./TP 0.13 0.14
Burnt Lime Kg./TP 41.19 42.68
Bunt Dolomite Kg./TP 21.62 22.41
Injection Carbon/Coke Kg./TP 16.48 17.07
Oxygen Nm*/TP 39.93 42.38
Argon Nm¥TP 1.13 1.17
Nitrogen Nm*TP 4.12 4.27
Electrodes & Nipples Kg./TP 2.57 2.67
Casting Ol USD/TP 0.10 0.10
Refractory—Reheating Furnace USD/TP 7.34 7.76
Utilities and Energy
Electricity — Direct KW-Hr/TP 497.38 620.60
Allocated — Electricity KW-Hr/TP 115.27 139.81
Natural Gas Geal/TP 0.06 0.37
Bunker Oil Geal/TP 0.10 0.11
Process Water m*/TP 0.56 2.59
PNLLNP :

1) NITUIUNIINGR Hot Rolled Coil lunszuaunissiaiiiaslaatin Slab nesfauaguiidn Tunnel Furnace sia
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nsnaulaed LPG lunanasyld (By-product) ANAnNausi (LHY) 284 LPG Nu@m b&

WiNAL 24.4 WNzaasiedns vsawiniy 45.5 wnzqasenlaniy

14) toyadeyaresafuewldn (Coke) Mldlunsuanumandnsgsaingudeyases

SPIN et lugadaya Data Archive 1w SimaPro 5.1 Guiflunszuaunisuaatinilddmiu

@mmummmaﬂimm@mz

15) tinydidaysresissatiuayunisnaniaauntlsznausae ngldininluseuy

ATL AN LavszuuAUAN uaznsldimemas a9ldun LPG Aldlunisundainman
! c 901 o ai ¥ o o ! ?/ | ¥

wardanangnenl uazthdunmanldduiunisrudanielulsanu Ineiausdludeyas
Uguniveslsenusieting

16) BxnauuazesAtlsznaunialugesnindmaniiniatuszudenisuaanmaniiude
yatgund InenudnFeras 91.5 NnainnszuaunsuaaNAmanlumanialii uazan
Fauar 8.5 NmaInnszUaunsliulpAunwmanlunn LHF  (Nam3a3inssieds

1/92NAUURININTUAN AN 7.7)

1 1%
el a K

17) BanmuansueuleenlasfifisuannTd@eomd LPG uaztnsiaims 1
AN ATLAUUNIINAR 198941 CO, emission intensities (mm‘ﬁ 7.4) annlAga
M3 “LCA for Asian Countries” lneigniiudsuandanneg sanfu JEMAI ﬂizmﬁnjﬂu e
unnss e nesfszneaLLazA AL RRE I AN T T ING S uA AT TTA

aunAgIy: M sreansd@emas LPG uasindudims Tufianssusing | 284

wineaiuayunisnasdunisn duuuanysnl
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A1919N 7.4 ArAduFaued Laz CO, emission coefficient 19N Ludl

v . v ANUAULUY CO, emission
L%QLW@Q ATAINNTBRULRANE
(kg/liter) (kg- CO,/kg)
crude oil 8,680 kcal/l 0.86 2.968
heavy oil 9,500 kcal/l 0.99 2.878
HSD 8,700 kcal/l 0.87 2.875
Gasoline 7,520 kcal/l 0.75 2.816
LPG 14,187 kcal/kg - 3.553

fun: dhagsiauas@uanden anniuGuwndentny (2545)

725 Tdsunsugrutaya (Database Software)

= a o o Na a o ¢ <3 1’/ d” v o 1757
mmﬂmmﬁﬂ@zmmmmmmmmmmmmaﬂmuﬂmm AU m’]@ﬂi“ﬁ‘ll’ﬂﬂu@ﬂgﬂ

1
o v A 1% a2

1N 1999 Us28ENS 1 ‘EmmuLﬂuﬁuﬁm WAZYIINIIAIATIZHR AN LTUTINENIAUALIA

2

!
% a QI % a [~3 2’/ o U P
aanuassziiunanIsnudwndanaasn1sHanmandunasaenane  taalgllsunsunng

o a o o = a o '3 . ® o‘aI/ o a o
mmmm@ﬁiuummﬂﬁqmmm@mmm SimaPro  1afiu 5.1 TRmulALL3HN PRe

Consultant Uszimenssesuaus denieluldsunsuilazdszneudiagiudeya LCI veudn

a ]

o & a o Ry p = 1y y ;
DTUNLASNTSUAUNTITNARNIFNDALIAN °1 mqmw1ﬁLﬂﬂﬁJﬂq?ﬁﬂHq LCA dN (ﬁf]u"ll'ﬂﬂ’l@@rluélﬁﬁy

q

n1anneAnE LCA Tuglsl) Selunsdnuniiazdanegudeyassnaisunedon

7.2.6 Wa’INNAURINTANE

Lﬂl o ¥ a o a Ai’ Q;d ] QII ¥
Lummnﬂixwm%ﬂmmmgmmmﬂm LCI 989N HNARIANAUNUFIUNNAFULNEIURN

q d9
Funisldanulunszuaunis@nman  AsiuanzisaassniufesenAanisdnegaaingiu
¥ | | | [ o & . ® o =2 &
deyasatlszmaAudiu vy gaudeyaainlusunsndidagy SimaPro weddu 5.1 dafiy
fowmannanguanluglstiludoulugiundszneunisdnen  dalgydsanisdudnndes
2 o e & o Ay vo = X o~ = Py = o =
10uARATINANTUN AN IFTuaInnsAnHarinnaavigeayaiinluGesaesinyde

n17n17laeufERNadaaiufNgGzaunszan  laganizadnetangasuaulaaanlas

o

(CO,) wnnga anzilulszsullydunadenndidtyasdlan dsenauiufunanseny
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AUARANNNATUALNNTALAUINNNTHARLUANTUN AR INe]
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ag1glafmuly@menisdnudsunfentesnaniusiuandunaneiliiunaniann

©

a o ' = d’ 1 1 = dp | ! dl
ayatguniaedlssnuinegnaiies 1 139U Tedeanaiseudanisinsiiiugeanilasnm
daniuninanlisetiosuwas lliindss@ninn vinlinavesdoyatFuinnisldvindien
geandninavialiilemauiuunasdeyanfonian  (du deayadv@sainanniumanuas

a

wianualszmnealne)

% a a [~ &
7.3 rﬁfi’mmsﬁ”\ummmﬁ'@ummmswammanmunma

7.3.1  s1gn9mg ldndnennsuaznisilaazuaads

NITUIUNITLARNAAA DT MANUWIEN989T99UsRENe Usznaudag nszuaunIg
UABNIMAN NIEUIUNNTLFULIFIAMUNIWHENUMAN NezUAUNINRDIMANLLILABLHEY uATIZUL
arluayuNINARDY | Wethulirsziiigusendiananineiresusiaznszuaunig/seuy

doe agUlAnassgn 7.3 -7.6

5UN 7.3 nszuaunsaeNmAndaam1enialin

ngdu Unit > —> [udndin Unit
WARIAN (Scrap) 1.165 Ton 1an EAF 1.000| Ton
JngAvilsznay Unit > ——> [aaa@aiiflurasuds Unit
Lime (Ca0) 29.182 Kg Slag (EAF) 114.119 Kg
Dolomite 17.269 Kg

SiMn 7.038 Kg — [uanmazmsannia Unit
FeSi 1.249 Kg £l14(dust) 24.470 Kg
FeMn 1.803 Kg Electric Arc Furnace CO 0.320 Kg
Fluorspar (CaF,) 0.348 Kg (EAF) CO, 117.881 Kg
Carbon/Coke 32.551 Kg SO 0.508 Kg
Oxygen 53.300 Kg NOx 0.408 Kg
Nitrogen 1.308 Kg dust (PM10) 0.000010 Kg
Electrodes 2.739 Kg

Refractory 3.064 Kg

NRINULAZITBINAS Unit >

nlin 554.698 | KW-Hr

LPG 3.878 Kg

assnllnady 4 Unit >

Process Water 1.206 Ton
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sUN 7.4 nezuaunsdiudanuunnimanaaein LHF

Tnnnu Unit > —> [udnsu Unit
WMAN EAF 0.995| Ton AN LHF 1.000] Ton
Tnapulsznau Unit > ——p [saafefifiurawis Unit
Lime (Ca0) 5.536|  Kg Slag (LHF) 105401  Kg
SiMn 0.932 Kg

FeSi 1919] Kg —» [uanmzneama Unit
FeMn 1.129 Kg Ladle Heat Furnace £l14(dust) 1.293 Kg
Fluorspar (CaF,) 0.482 Kg (LHF) CcO 0.271 Kg
Calcium Carbide (CaC.) 0.032 Kg CO. 25.756 Kg
Carbon/Coke 2.573 Kg SO 0.059 Kg
Argon 0.487 Kg NOx 0.309 Kg
Electrodes 0.974 Kg

Refractory 0.008 Kg

NasuLATT NG Unit >

i (mvaaw) 43.462| KW-Hr

*RaNaaANTluNMIINNITLMUNTHaNA R ARRRUAN oL asAINNN T sz NS IR BT RaNANNIINER

591 7.5 nIzuaunaaemAnuLLseiie

Innau Unit > —» [nAniuw Unit
1NUEN LHE 1.027 Ton faLan (Billet) 1.000 Ton
Inoauilsznau Unit >
Casting Oil 0.0025 Kg
Refractory 0.0027 Kg Continuous
Casting Machine
WRINULAZL AN Unit |— (CCM)
Il 16.971| KW-Hr
sssallnafy o Unt |—]
Process Water 0.6344 Ton

sUN 76 sruvdesuanliuiunisldnineinsaiuayunInan

NRSNULATRLNAS Unit > —> |udndi Unit

Tniitn 65.76 | KW-Hr In-House fialan (Billet) 1.00 | Ton

LPG 9.29 Kg Facility

DG 1.02 Kg —» [sanzvineaimia Unit
co, 3593 | Kg
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59 7.7 sruun@suaziyBRuiILazsruLAUANEuLaz sz

Unit

\4

Process Water

Production & Circulation

System

v

| 1.000] Ton
P Unit
Il 36.415] KW-Hr
NAN12ENNBINA Unit
Huidszuugingu 1.000]  Kg
NAINUUAZITAIWAY Unit
nin 0.366| KW-Hr

\4

7.32  1dsansaudawinaas

Dust Control
System

WARAT

Process Water

1.000

NAN1ITNWNUD

T o
UILAE

0.300

BOD

0.00030

COoD

0.011

SS

0.005

TDS

0.096

anaRefiiluuaaudia

Unit

Hufisnls

0.984

Kg

HANNENWBINIA

Unit

du (Mszuneg@anandan)

0.016

Kg

HANNIAANNL I8N 1A uAIARaNTaIN TN ARMANdunaalaa Faa Ly

= ' N A 1a ) o N A
2 NIUANEN 721918 NTDULANTIN 1 VLNW@mW??Ju@QLﬂHLM@ﬂ LACNIOANTN 2 : Lﬂuﬂq?

AreNsTUAAEANd NN s witet st AuannAguAInaandesiu ldng

Lﬂ?‘ﬁl‘]_lmil‘]_l‘ll@\‘m\‘i 2 NIRUANEI AIAITINN 7.5

A5 7.5 TydnenisduRewnadentesndndneimanuiaenadfiausie 1 Alaniy
FIEMIARFILINE DN dszian | wiae | wanunvenn WMaNUTIET
(laisaanisunds
LAHAAN)
1|baryte Raw kg 5.110E-06 4.560E-05
2|bauxite Raw kg 5.660E-06 9.760E-05
3|bentonite Raw kg 6.470E-07 1.290E-05
4|calcium carbide Raw kg 3.290E-05 3.290E-05
5|casting oil Raw kg 2.500E-06 2.500E-06
6|chromium (in ore) Raw kg 1.760E-08 3.600E-06
7|clay Raw kg 8.300E-07 1.960E-04
8|coal Raw kg 4.798E-02 4.983E-02
9|cobalt (in ore) Raw kg 3.250E-12 2.330E-11
10|copper (in ore) Raw kg 4.310E-08 5.570E-06
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

crude oil

diesel oil (high speed)
dolomite

energy (undef.)

energy from hydro power

ferromanganese
ferrosilicon (75%Si)
fluorspar (CaF2)
gas from oil production
graphite

gravel

heavy oil (THA overall)
iron (in ore)

lead (in ore)

lignite

lime (CaO)
limestone

lubricant
magnesium oxide
manganese (in ore)
marl

methane
molybdene (in ore)
natural gas

nickel (in ore)
palladium (in ore)
petroleum gas ETH
platinum (in ore)
reservoir content ETH
rhenium (in ore)
rhodium (in ore)
rock salt

sand

scrap

silicon (in SiO2)
silicon manganese
silver

silver (in ore)

tin (in ore)

turbine water ETH
uranium (in ore)
water

wood

wood (dry matter) ETH
zeolite

zinc (in ore)
1,2-dichloroethane
acetaldehyde
acetic acid

acetone

acrolein

Al

aldehydes

Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Air

Air

Air

Air

Air

Air

Air

kg
m3
kg
MJ
MJ
kg
kg
kg
m3
kg
kg
m3
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
m3
kg
kg
m3
kg
m3y
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
m3
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

1.475E-02
1.840E-07
1.760E-02
3.740E-01
1.031E-03
3.000E-03
3.250E-03
8.510E-04
2.000E-06
3.800E-03
7.600E-06
9.580E-06
2.585E-05
4.270E-09
1.692E-01
6.280E-05
7.880E-02
4.540E-07
3.050E-03
3.700E-09
1.110E-05
1.310E-06
6.510E-13
1.691E-01
1.200E-08
8.410E-14
7.600E-05
9.510E-14
1.380E-06
8.970E-14
8.940E-14
3.010E-07
1.780E-06
1.195E+00
1.570E-05
8.150E-03
1.220E-10
3.500E-09
2.020E-09
3.330E-04
1.596E-08
1.910E+00
1.800E-06
2.060E-07
2.780E-09
3.850E-10
3.630E-12
3.920E-10
1.770E-09
3.910E-10
1.070E-13
1.130E-08
4.780E-07

2.390E-02
1.840E-07
1.760E-02
3.740E-01
6.568E-03
3.000E-03
3.250E-03
8.510E-04
2.000E-06
3.800E-03
3.030E-02
9.580E-06
9.497E-04
2.550E-05
1.703E-01
6.280E-05
7.880E-02
4.540E-07
3.050E-03
1.390E-06
1.040E-03
1.529E-05
7.100E-12
1.693E-01
2.020E-06
8.500E-12
7.030E-04
1.030E-11
1.200E-04
7.330E-12
9.170E-12
4.110E-04
2.760E-05
1.195E+00
1.570E-05
8.150E-03
1.220E-10
3.120E-08
1.740E-08
2.930E-02
8.810E-08
2.140E+00
1.800E-06
8.390E-05
2.780E-09
4.060E-07
3.630E-12
2.620E-09
1.170E-08
2.600E-09
1.220E-11
8.220E-08
4.780E-07
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

alkanes
alkenes
ammonia

As

B

Ba

Be
benzaldehyde
benzene
benzo(a)pyrene
Br

butane

butene

Ca

carbon black
Cd

CFC-11
CFC-114
CFC-116
CFC-12
CFC-13
CFC-14

CH4

CO

CO2

cobalt

Cr

Cu

CxHy

CxHy aromatic
cyanides
dichloroethane
dichloromethane
dioxin (TEQ)
dust

dust (coarse)
dust (coarse) process
dust (PM10)
dust (PM10) mobile
dust (PM10) stationary
dust (SPM)
ethane
ethanol
ethene
ethylbenzene
ethyne

F2

Fe
fluoranthene
formaldehyde
H2

H2S
HALON-1301

Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

2.490E-08
1.110E-09
2.910E-07
4.720E-09
8.490E-09
1.550E-10
1.550E-12
3.670E-14
1.350E-07
2.160E-09
5.690E-10
8.870E-08
2.100E-09
7.900E-09
1.160E-05
3.330E-10
3.060E-13
8.070E-12
1.340E-11
6.580E-14
4.120E-14
1.070E-10
1.710E-05
7.960E-04
8.540E-01
1.280E-10
2.340E-09
2.770E-10
1.270E-03
2.910E-07
2.020E-12
1.520E-12
8.730E-14
4.250E-17
1.050E-03
1.080E-06
7.820E-08
1.020E-08
2.060E-08
1.890E-07
9.740E-06
2.780E-08
7.840E-10
5.620E-09
3.090E-09
1.590E-11
6.820E-08
6.700E-09
2.150E-08
2.820E-09
5.040E-08
9.740E-06
4.410E-10

2.530E-07
1.270E-08
3.180E-07
1.310E-08
4.950E-08
1.210E-09
1.360E-11
4.180E-12
5.230E-07
2.270E-09
5.350E-09
7.800E-07
2.570E-07
1.080E-07
1.160E-05
2.280E-09
2.320E-11
6.120E-10
1.010E-09
4.980E-12
3.130E-12
9.110E-09
1.710E-05
8.820E-04
8.830E-01
1.340E-09
4.100E-09
8.830E-09
1.270E-03
2.930E-07
2.730E-10
1.550E-10
1.470E-11
3.930E-15
1.050E-03
1.080E-06
9.800E-06
1.020E-08
1.310E-05
5.280E-06
9.740E-06
2.420E-07
5.160E-09
7.810E-06
2.360E-08
9.320E-10
6.820E-08
1.080E-07
2.150E-08
2.020E-08
5.040E-08
9.790E-06
4.010E-09
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117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

HCFC-21
HCFC-22

HCI

He

heptane
hexachlorobenzene
hexane

HF

HFC-134a

Hg

I
K

La

methane
methanol

Mg

Mn

Mo

MTBE

N2

N20

Na

Ni

NMVOC

non methane VOC
NOx

NOx (as NO2)

P

P-tot

PAH's

Pb
pentachlorobenzene
pentachlorophenol
pentane

phenol

propane

propene

propionic acid

Pt

Sb

Sc

Se

Si

silicates

Sn

SO2

SOx (as SO2)

Sr
tetrachloromethane
Th

Ti

TI

toluene

Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

1.010E-11
7.260E-14
1.340E-07
7.660E-08
2.070E-08
6.020E-17
4.340E-08
1.310E-08
1.410E-24
3.940E-11
2.720E-10
2.290E-09
4.450E-12
5.970E-06
8.430E-10
4.030E-09
3.240E-10
4.870E-11
5.900E-13
6.000E-10
3.640E-05
3.070E-09
4.100E-09
2.750E-05
8.640E-06
1.970E-03
7.360E-04
1.230E-10
4.530E-11
2.600E-11
1.520E-08
1.610E-16
2.600E-17
1.120E-07
1.200E-12
8.850E-08
4.250E-09
2.680E-11
3.440E-14
6.320E-12
1.670E-12
1.320E-10
2.730E-09
2.660E-08
3.820E-12
1.180E-03
2.620E-06
1.820E-10
3.730E-13
9.680E-12
4.950E-10
4.660E-13
1.070E-07

6.700E-08
5.520E-12
9.380E-07
7.090E-07
1.800E-07
4.360E-14
3.770E-07
1.200E-07
1.220E-20
4.390E-10
2.240E-09
1.690E-07
3.560E-11
5.690E-05
6.120E-09
3.070E-08
4.330E-08
5.330E-10
1.340E-09
7.010E-08
3.930E-05
2.990E-08
2.810E-08
2.750E-05
1.250E-04
1.970E-03
1.010E-03
1.230E-10
1.330E-09
2.030E-09
1.100E-07
1.170E-13
1.890E-14
9.690E-07
1.820E-11
7.680E-07
7.220E-08
1.900E-10
7.820E-11
1.010E-10
1.230E-11
3.480E-09
2.210E-07
2.660E-08
6.000E-11
1.180E-03
7.550E-05
1.310E-09
3.890E-11
2.930E-11
3.490E-09
8.110E-12
2.100E-07
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170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

trichloromethane

U

unspecified emission
Y

vinyl chloride
xylene

Zn

Zr
1,1,1-trichloroethane
acenaphthylene
Acid as H+

acids (unspecified)
Ag

Al

alkanes

alkenes

AOX

As

B

Ba

baryte

Be

benzene

BOD

calcium compounds
calcium ions

Cd

chlorinated solvents (unspec.)
chlorobenzenes

Cl-

Co

COD

Cr

Cr (1l

Cr (VI)

crude oil

Cs

Cu

CxHy

CxHy aromatic
CxHy chloro
cyanide
di(2-ethylhexyl)phthalate
dibutyl p-phthalate
dichloroethane
dichloromethane
dimethyl p-phthalate
dissolved organics
dissolved solids
dissolved substances
DOC

ethyl benzene
fats/oils

Air

Air

Air

Air

Air

Air

Air

Air

Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

7-19

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

4.020E-14
4.370E-12
9.190E-06
1.120E-08
2.320E-12
1.130E-07
2.380E-08
3.070E-13
2.620E-15
4.580E-12
5.730E-11
2.070E-11
3.510E-11
3.020E-07
7.510E-09
6.930E-10
2.340E-10
6.480E-10
2.370E-09
1.700E-07
1.010E-06
2.240E-13
7.520E-09
7.000E-07
3.030E-07
2.170E-06
8.530E-11
5.960E-13
1.220E-17
3.350E-05
5.870E-10
2.130E-05
2.710E-09
7.710E-10
7.360E-13
1.790E-07
5.770E-11
2.670E-09
4.950E-07
3.460E-08
1.430E-12
2.800E-10
8.910E-17
4.630E-16
2.600E-12
4.460E-10
2.910E-15
4.940E-10
1.790E-04
8.730E-07
3.020E-11
1.390E-09
1.020E-06

4.080E-12
2.550E-11
9.190E-06
7.590E-08
2.730E-11
3.930E-07
8.740E-07
1.270E-11
2.890E-11
4.040E-10
5.730E-11
3.200E-09
3.710E-10
3.340E-06
6.730E-08
6.210E-09
2.000E-09
7.070E-09
1.960E-08
1.570E-06
9.040E-06
2.860E-12
6.950E-08
8.710E-07
3.030E-07
2.280E-05
1.870E-08
1.050E-10
6.880E-14
5.510E-04
6.530E-09
2.330E-05
2.710E-09
3.740E-08
4.000E-12
1.790E-07
5.170E-10
2.180E-08
4.970E-07
3.090E-07
1.430E-12
5.960E-09
2.270E-13
4.090E-14
8.140E-11
4.140E-09
2.570E-13
4.940E-10
1.790E-04
2.100E-06
3.740E-09
1.240E-08
9.570E-06
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223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

fatty acids as C
Fe

fluoride ions
formaldehyde
glutaraldehyde
H2

H2S
hexachloroethane
Hg

HOCL

I
K

metallic ions

Mg

Mn

Mo

MTBE

N-tot

N organically bound
Na

NH3

NH3 (as N)

Ni

nitrate

nitrite

OCI-

P-compounds

P-tot

PAH's

Pb

phenol

phenols

phosphate

Ru

S

salt

salts

Sb

Se

Si

Sn

SO3

Sr

sulphate

sulphates

sulphide
suspended solids
suspended substances
tetrachloroethene
tetrachloromethane
Ti

TOC

toluene

Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

7-20

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

2.820E-07
4.890E-07
7.890E-09
2.420E-14
1.250E-10
1.330E-08
1.870E-11
1.740E-17
2.170E-10
2.640E-09
5.770E-09
3.750E-07
1.330E-08
3.460E-07
1.030E-08
1.020E-09
4.840E-14
1.650E-07
2.010E-08
1.920E-05
1.330E-07
9.280E-08
1.660E-09
4.650E-08
4.160E-11
1.570E-10
2.700E-11
5.010E-13
1.110E-09
5.550E-09
3.180E-10
6.890E-09
1.830E-08
5.570E-10
6.390E-11
7.780E-07
5.100E-08
4.920E-12
1.540E-09
4.950E-10
3.900E-12
1.450E-10
3.530E-07
1.350E-06
3.020E-06
1.830E-09
9.330E-06
1.940E-07
2.060E-15
3.150E-15
1.760E-08
8.950E-07
6.260E-09

2.610E-06
3.280E-06
2.210E-07
3.480E-11
1.110E-09
1.330E-08
1.210E-09
1.770E-15
2.730E-10
1.450E-08
5.170E-08
3.530E-06
1.330E-08
3.520E-06
1.020E-07
1.050E-08
1.100E-10
1.080E-06
1.610E-07
3.340E-04
1.330E-07
8.000E-07
1.910E-08
2.140E-06
2.930E-09
1.200E-08
2.610E-10
5.010E-13
7.620E-09
4.380E-08
3.180E-10
6.900E-08
2.130E-07
5.150E-09
6.390E-11
7.780E-07
3.880E-06
7.870E-11
1.700E-08
5.080E-09
1.870E-11
4.550E-08
3.170E-06
3.280E-05
3.020E-06
1.630E-08
9.330E-06
1.940E-07
2.100E-13
3.210E-13
2.050E-07
8.280E-05
5.720E-08
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276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

tributyltin
trichloroethene
trichloromethane
triethylene glycol
undissolved substances
\Y

vinyl chloride
VOCasC

w

waste water (vol)
xylene

Zn

collected dust

final waste (inert)
high active nuclear waste
inorganic general
low,med. act. nucl. waste
produc. waste (not inert)
slag

slag (EAF)

slag (LHF)

Al (ind.)

As (ind.)

C (ind.)

Ca (ind.)

Cd (ind.)

Co (ind.)

Cr (ind.)

Cu (ind.)

Fe (ind.)

Hg (ind.)

Mn (ind.)

N

Ni (ind.)

oil (ind.)

oil biodegradable
Pb (ind.)

phosphor (ind.)

S (ind.)

Zn (ind.)

Ag110m to air
Ag110m to water
alpha radiation to water
Am241 to air
Am241 to water
Ar41 to air

Ba140 to air

Ba140 to water
beta radiation to air
C14 to air

C14 to water
Cd109 to water
Ce141 to air

Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Solid
Soil
Soll
Soil
Soil
Soil
Soil
Soll
Soil
Saoll
Soil
Soil
Soil
Sall
Soil
Soll
Soil
Soil
Soil
Saoll

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

7-21

kg
kg
kg
kg
kg
kg
kg
kg
kg
m3
kg
kg
kg
kg
m3
kg
m3
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
Bqg
Bqg
Bq
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bqg
Bq
Bqg

5.670E-11
4.420E-13
4.780E-13
3.020E-11
2.980E-06
1.640E-09
5.850E-16
1.950E-08
3.780E-12
5.600E-04
5.440E-09
6.940E-09
2.590E-02
7.090E-05
2.540E-12
1.590E-06
1.510E-10
2.780E-02
6.630E-06
1.170E-01
1.080E-02
6.380E-08
2.550E-11
1.980E-07
2.550E-07
1.100E-12
1.520E-12
3.190E-10
7.590E-12
1.270E-07
2.080E-13
2.550E-09
5.870E-11
1.140E-11
4.810E-08
3.230E-12
3.460E-11
3.260E-09
3.830E-08
1.030E-09
3.990E-10
2.720E-06
3.220E-10
7.430E-09
9.780E-07
8.670E-04
1.550E-09
4.900E-09
5.010E-11
5.980E-04
4.950E-05
2.840E-11
3.700E-11

5.760E-10
1.360E-11
4.940E-11
3.740E-09
2.840E-05
1.740E-08
5.960E-14
1.800E-07
7.930E-11
5.600E-04
4.970E-08
9.130E-08
2.590E-02
7.090E-05
2.540E-12
1.590E-06
1.510E-10
2.780E-02
6.630E-06
1.170E-01
1.080E-02
5.940E-07
2.380E-10
1.840E-06
2.380E-06
4.370E-11
1.350E-11
2.980E-09
6.750E-11
1.190E-06
1.890E-12
2.380E-08
5.570E-10
1.010E-10
4.350E-07
1.160E-09
3.120E-10
3.060E-08
3.570E-07
9.590E-09
3.020E-08
2.050E-04
2.440E-08
5.630E-07
7.420E-05
6.540E-02
1.200E-07
4.100E-07
4.090E-09
4.540E-02
3.760E-03
2.370E-09
2.800E-09
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329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380

Ce141 to water
Ce144 to air
Ce144 to water
Cm (alpha) to air
Cm (alpha) to water
Cm242 to air
Cm244 to air
Co57 to air
Co57 to water
Co58 to air
Co58 to water
Co60 to air
Co60 to water
Conv. to industrial area
Cr51 to air

Cr51 to water
Cs134 to air
Cs134 to water
Cs136 to water
Cs137 to air
Cs137 to water
Fe59 to air

Fe59 to water

Fission and activation products
(RA) to water
H3 to air

H3 to water

heat losses to air
heat losses to soil
heat losses to water
1129 to air

1129 to water

1131 to air

1131 to water

1133 to air

1133 to water

1135 to air

K40 to air

K40 to water

Kr85 to air

Kr85m to air

Kr87 to air

Kr88 to air

Kr89 to air

La140 to air

La140 to water

land use (sea floor) II-llI
land use (sea floor) II-IV
land use lI-llI

land use II-IV

land use llI-IV

land use IV-IV
Mn54 to air

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

7-22

Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bq
Bq
Bq
Bq
Bqg
Bq
m2
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bqg
Bq
Bqg

Bqg
Bq
MJ
MJ
MJ
Bq
Bq
Bq
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bq
Bq
Bq
Bq
Bq
Bqg
m2a
m2a
m2a
m2a
m2a
m2a
Bq

7.330E-10
7.890E-08
2.240E-05
1.180E-08
1.290E-06
3.920E-14
3.550E-13
6.850E-13
5.030E-09
1.130E-08
4.250E-06
1.690E-08
2.170E-04
1.100E-07
1.400E-09
1.080E-07
2.820E-07
5.010E-05
2.630E-11
5.450E-07
4.610E-04
1.550E-11
8.680E-11
2.930E-06

6.160E-03
1.470E+00
9.320E-03
8.920E-06
1.870E-04
2.120E-06
1.420E-04
2.360E-07
9.370E-08
1.320E-07
2.250E-08
1.980E-07
1.140E-06
3.550E-06
3.660E+01
4.330E-05
1.940E-05
1.730E-03
1.360E-05
9.860E-10
1.020E-09
7.730E-05
7.980E-06
5.250E-05
2.820E-06
1.950E-06
2.160E-08
4.050E-10

6.130E-08
5.990E-06
1.700E-03
8.930E-07
9.820E-05
2.960E-12
2.690E-11
5.160E-11
4.210E-07
8.550E-07
3.350E-04
1.280E-06
1.650E-02
1.100E-07
1.060E-07
9.010E-06
2.140E-05
3.800E-03
2.200E-09
4.130E-05
3.500E-02
1.170E-09
7.260E-09
2.210E-04

4.660E-01
1.110E+02
9.320E-03
8.920E-06
1.870E-04
1.610E-04
1.070E-02
1.860E-05
7.250E-06
9.970E-06
1.880E-06
1.490E-05
1.000E-04
2.830E-04
2.770E+03
3.490E-03
1.530E-03
1.300E-01
1.090E-03
7.480E-08
8.490E-08
7.210E-04
7.440E-05
5.190E-04
7.510E-04
1.520E-03
6.590E-07
3.070E-08
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381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

Mn54 to water

Mo99 to water

Na24 to water

Nb95 to air

Nb95 to water

Np237 to air

Np237 to water

Occup. as industrial area
Pa234m to air

Pa234m to water
Pb210 to air

Pb210 to water

Pm147 to air

Po210 to air

Po210 to water

Pu alpha to air

Pu alpha to water
Pu238 to air

Pu241 Beta to air
Pu241 beta to water
Ra224 to water

Ra226 to air

Ra226 to water

Ra228 to air

Ra228 to water

radio active noble gases to air
radioactive substance to air
radioactive substance to water
radionuclides (mixed) to water
Rn220 to air

Rn222 (long term) to air
Rn222 to air

Ru103 to air

Ru103 to water

Ru106 to air

Ru106 to water

Sb122 to water

Sb124 to air

Sb124 to water

Sb125 to air

Sb125 to water

Sr89 to air

Sr89 to water

Sr90 to air

Sr90 to water

Tc99 to air

Tc99 to water

Tc99m to water
Te123m to air

Te123m to water
Te132 to water

Th228 to air

Th228 to water

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Non mat.

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Non mat.

Non mat.

Non mat.

Non mat.

Non mat.

Non mat.
Non mat.

Non mat.

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Non mat.

Non mat.

Non mat.

Non mat.

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

7-23

Bqg
Bq
Bqg
Bq
Bq
Bqg
Bq
m2a
Bqg
Bq
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bqg
Bq
Bqg
Bqg
Bq
Bqg
Bq
Bqg
Bq
Bq
Bqg
Bq
Bqg
Bq
Bqg
Bqg
Bqg
Bq
Bq
Bqg
Bq
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bqg
Bq
Bq
Bqg
Bq
Bqg
Bq
Bqg

3.320E-05
3.430E-10
1.510E-07
7.160E-11
2.790E-09
3.880E-13
6.250E-08
7.380E-05
2.360E-07
4.370E-06
6.620E-06
2.830E-06
2.000E-07
9.920E-06
2.830E-06
2.360E-08
3.880E-06
8.850E-13
6.480E-07
9.660E-05
2.780E-03
8.430E-06
2.360E-02
5.580E-07
5.570E-03
5.190E-05
1.300E+03
1.200E+01
2.110E-09
5.210E-05
5.250E+01
5.790E-01
4.050E-12
1.650E-09
2.360E-06
2.360E-04
4.900E-09
1.100E-10
7.010E-07
1.400E-11
4.000E-08
7.090E-10
1.110E-08
3.890E-07
4.710E-05
1.650E-11
2.480E-05
2.310E-09
1.780E-09
2.070E-10
8.480E-11
4.720E-07
1.110E-02

2.520E-03
2.870E-08
1.260E-05
5.410E-09
2.320E-07
2.950E-11
4.740E-06
7.380E-05
1.790E-05
3.320E-04
5.520E-04
2.250E-04
1.520E-05
8.440E-04
2.250E-04
1.790E-06
2.950E-04
6.680E-11
4.910E-05
7.330E-03
2.570E-02
6.520E-04
1.420E+00
4.930E-05
5.150E-02
4.330E-03
1.300E+03
1.200E+01
1.610E-07
4.240E-03
3.980E+03
4.340E+01
3.090E-10
1.370E-07
1.790E-04
1.790E-02
4.100E-07
8.280E-09
5.350E-05
1.110E-09
3.340E-06
5.350E-08
9.270E-07
2.950E-05
3.580E-03
1.250E-09
1.880E-03
1.940E-07
1.340E-07
1.730E-08
7.090E-09
4.180E-05
1.030E-01
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434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

Th230 to air
Th230 to water
Th232 to air
Th232 to water
Th234 to air
Th234 to water
U alpha to air

U alpha to water
U234 to air
U234 to water
U235 to air
U235 to water
U238 to air
U238 to water
waste heat to air
waste heat to soil
waste heat to water
Xe131m to air
Xe133 to air
Xe133m to air
Xe135 to air
Xe135m to air
Xe137 to air
Xe138 to air
Y90 to water
Zn65 to air
Zn65 to water
Zr95 to air

Zr95 to water

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.
Non mat.

Bq
Bqg
Bq
Bqg
Bq
Bqg
Bq
Bq
Bq
Bq
Bqg
Bq
Bqg
Bq
MJ
MJ
MJ
Bq
Bqg
Bqg
Bq
Bqg
Bq
Bqg
Bqg
Bq
Bqg
Bq
Bqg

2.620E-06
6.830E-04
2.990E-07
6.630E-07
2.360E-07
4.400E-06
8.450E-06
2.860E-04
2.830E-06
5.840E-06
1.370E-07
8.700E-06
3.650E-06
1.480E-05
1.030E-02
3.200E-06
4.860E-04
8.930E-05
2.620E-02
1.320E-05
4.470E-03
4.420E-04
1.100E-05
1.200E-04
5.670E-10
1.740E-09
3.190E-07
2.590E-11
2.000E-06

1.980E-04
5.180E-02
2.650E-05
5.270E-05
1.790E-05
3.340E-04
6.410E-04
2.160E-02
2.150E-04
4.420E-04
1.040E-05
6.600E-04
2.870E-04
1.130E-03
4.420E-01
2.820E-04
1.060E-02
7.030E-03
1.980E+00
9.970E-04
3.420E-01
3.550E-02
8.690E-04
9.620E-03
4.730E-08
1.320E-07
2.670E-05
1.960E-09
1.520E-04

a' a & 5 1) dl a 49( a =3 =3 1
15190 7.6 N@D‘]?'J"mLﬂ?’]&ﬁ‘ﬂﬁﬂﬂ?ﬁﬂﬂﬂﬂﬂ\‘iﬂ!um NAUUIATNNITHARLNANLUANLLNNEN

wmdnas %iae HAAIIVILATIER Anade

{%91n H21n29

Tolaan nsas
Iron %w/w Fe 28.500 20.500 24.500
Zinc Y%w/w Zn 15.900 30.700 23.300
Lead %w/w Pb 1.080 2.740 1.910
Cadmium %w/w Cd 0.020 0.030 0.025
Copper Y%w/w Cu 0.110 0.130 0.120
Nickel %w/w Ni 0.019 0.014 0.017
Chromium Oxide %w/w Cr,04 0.170 0.230 0.200
Potassium Oxide %w/w K,O 1.470 3.900 2.685
Sodium Pentaoxide %w/w Na,Os 2.070 3.530 2.800
Vanadium Y%ow/w V 0.010 0.010 0.010
Cobalt %w/w Co ND ND ND
Cacium Oxide %w/w CaO 14.790 3.830 9.310
Aluminium Oxide %w/w Al,O3 1.350 0.500 0.925
Magnesium Oxide Y%w/w MgO 2.240 2.590 2.415
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W1AAa3 niae HAAIIVILATIER Anade

#{a1n Ha1nge

Tolaan nsad
Silica Oxide %w/w SiO, 1.330 0.410 0.870
Sulphur %w/w S 0.290 5.470 2.880
Manganese Oxide Y%w/w MnO 1.530 2.000 1.765
Arsenic %w/w As ND ND ND
Mercury Y%w/w Hg 0.001 0.001 0.001
Phosphorus Pentaoxide %w/w P05 ND ND ND
Fluorine %w/w F 0.050 0.100 0.075
Hydrogen Fluoride %w/w HF 0.050 0.100 0.075
Chloride %w/w Cl 3.480 3.460 3.470
Hydrogen Chloride Y%w/w HCI 3.580 3.560 3.570
Carbon %w/w Fe 3.230 2.630 2.930

ND : Non-Detectable (Cobalt<0.01%, Arsenic<0.001%, Phosphorus Pentaoxide<0.01%)

ﬁl’]‘i‘ﬁ\‘l‘ﬁ 7.7 N@ﬁ]?’]“ﬁLﬂﬁ?’]%ﬁ—‘ﬂ\‘lﬂrﬂitﬂﬂu’ﬂﬂﬁﬂﬁﬂqLﬂﬁﬂﬁLﬁﬂﬁu@’mﬂW?NamLM&ﬂLLVi\‘iH’]’J
W1 NAa3 ITeT)] NAAIIVILATIER
n’mfrmgnmn n'm?rmgnmn
N3LUWN13 EAF | n32uawn1s LHF

Iron %w/w Fe 15.800 1.190
Calcium Oxide %w/w CaO 17.800 58.200
Chromium Oxide %w/w Cry0; 0.250 0.040
Zinc Oxide Y%w/w ZnO 0.200 0.040
Copper Oxide Y%w/w CuO 0.014 0.003
Nickel Oxide %w/w NiO 0.006 0.004
Sodium Pentaoxide %w/w Na,Os 0.005 0.080
Potassium Oxide %w/w K>,O 0.190 0.030
Silica Oxide %w/w SiO, 2.510 0.260
Magnesium Oxide Y%w/w MgO 5.040 10.550
Manganese Oxide Y%w/w MnO 3.580 1.620
Aluminium Oxide Y%w/w Al,O4 4.360 2.020
Titanium Oxide %w/w TiO, 5.780 3.180
Vanadium Pentaoxide %w/w V,05 0.030 0.020
Sulphur Y%w/w S 0.060 0.170
Carbon Y%wiw C ND ND
Phosphorus Pentaoxide %w/w P,0s5 ND ND

ND : Non-Detectable (Phosphorus Pentaoxide <0.01%)
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al o o 6 a [~3 ' a o 1 ] ! 3
3‘1]1/1 7.8 ANNANNUEURINTZLIUNIHARWANLYINENT 1 DlanFd (LHFINNTUUASLALIAN)
1kg 0.00929 kg 0.237 MJ
Billet (from LPG | Grid Mix
93.4% 0.912% 4.25%
1.03 kg 0.634 kg 0.0611 MJ
LHF Molten Process Grid Mix
90.8% 1.49% 1.1%
1.02 kg 0.00264 kg 0.161 MJ 0.0832 MJ
EAF Molten Coke S Grid Mix Grid Mix
80.1% 1.3% 2.88% 1.49%
0.0545 kg 1.23 kg 0.0333 kg 2.04MJ
Oxygen Process Coke S Grid Mix
1.76% 2.9% _ 16.3% ] 36.6% I
0.098 MJ 0.162 MJ 0.0442 kg 0.206 MJ
Grid Mix Grid Mix Crude coal B Furnace gas
1.76% 2.9% _ 9.3% m 2.01% a
0.00447 kg
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sUN 7.9 ANANTUSIRINTTLIUNNINARWMANUYNEND 1 Alaniu

1kg
Billet (scrap)

100%

1kg 0.00929 kg 0.237 MJ
Billet (from LPG I Grid Mix
94.2% 0.802% 3.73% _
1.03 kg 0.634 kg 0.0611 MJ
LHF Molten Process Grid Mix
91.9% 1.31% 0.963%
1.02 kg 0.00264 kg 0.161 MJ 0.0832 MJ
EAF Molten Coke S Grid Mix Grid Mix
82.5% 1.14% 2.53% || 1.31%
T

]
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1.17 kg 0.0545 kg 1.23 kg 0.0333 kg 2.04 MJ
Scrap Oxygen Process Coke S Grid Mix
12.1% n] 1.55% a 2.55% | 14.4% 0| 32.2%

0.106 tkm 0.0527 tkm 0.098 MJ 0.162 MJ 0.0442 kg 0.206 MJ
Truck 28t Truck 40t Grid Mix Grid Mix Crude coal B Furnace gas B
8.94% u] 3.16% _ 1.55% a 2.55% A 8.18% [af 1.77% _

0.00447 kg

Natural gas B

1.2%
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5191 7.10 AoudniusaeInIsuARimananmnansa i Piunns 1 Ataniu

1 kg
EAF Molten

100%

Steel (scrap)

1.14 kg 0.0533 kg 0.0292 kg 1.21 kg 0.0326 kg 2 MJ
Scrap Oxygen (THA) Lime (THA) Process Water Coke S Grid Mix
(transport) Electricity
14.7% 1.87% 0.91% 3.09% 17.4% 39%
T T ‘l
0.103 tkm 0.0516 tkm 0.0959 MJ 0.158 MJ 0.0433 kg 0.201 MJ
Truck 28t ETH Truck 40t ETH Grid Mix Grid Mix Crude coal B Furnace gas B
S S Electricity Electricity
10.8% 3.83% 1.87% 3.09% 9.91% 2.14%
0.00437 kg
Natural gas B
1.45%
< < 7 s
[ % o a [ % a o
g‘lJVI 7.11  ANNANAUSLRINTNARNIUANUAIBANANLAN LHF U5unnd 1 Alaniu

0.995 kg
EAF Molten
Steel (scrap)
89.8%

1 kg
LHF Molten
Steel (scrap)
100%

0.00257 kg
Coke S

1.24%

0.156 MJ
Grid Mix
Electricity THA
2.76%
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1.14 kg 0.053 kg 0.029 kg 1.2 kg 0.0324 kg 1.99 MJ
Scrap Oxygen (THA) Lime (THA) Process Water Coke S Grid Mix
(transport) Electricity
13.2% 1.68% | 0.817% 2.78% | 15.6% 35%
| L L
0.103 tkm 0.0513 tkm 0.0955 MJ 0.157 MJ 0.0431 kg 0.2 MJ
Truck 28t ETH Truck 40t ETH Grid Mix Grid Mix Crude coal B Furnace gasB
S S Electricity Electricity
9.73% 3.44% 1.68% 2.77% 8.89% 1.92%
0.00435 kg

Natural gas B

1.3%
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1 < 1 dl 1 o M v i dgj a
naamanuuusaiias (waseludlasaunis it WAl sz e nasaaaszuy  In-

House Facility

1kg
Billet (from
CCM) (scrap)
100%

1.03 kg
LHF Molten Steel

0.634 kg
Process Water

0.0611 MJ
Grid Mix

(scrap) Electricity THA
97.6% 1.39% |_| 1.02%
1.02 kg 0.00264 kg 0.161 MJ 0.0832 MJ
EAF Molten Steel Coke S Grid Mix Grid Mix
(scrap) Electricity THA Electricity THA
87.6% 1.21% 2.69% 1.39%
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117 kg 0.0545 kg 123 kg 0.0333 kg 2.04 MJ
Scrap (transport) Oxygen (THA) Process W ater Coke S Grid Mix
Electricity THA
12.8% 1.64% 2.71% 15.2% 34.1%
0.106 tkm 0.0527 tkm 0.098 MJ 0.162 MJ 0.0442 kg 0.206 MJ
Truck 28tETH S Truck 40tETH S Grid Mix Grid Mix Crude coal B Furnace gas B
Electricity THA Electricity THA
9.49% ! 3.36% | 1.64% || 2.7% | 8.68% 1.87% ||
0.00447 kg

Natural gas B

1.27%
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0.8 0.7
0.7

0.6

0.5

0.4

0.3 0.182

kg CO, /kg billet

0.2

0.1

Direct CO2 Indirect CO2
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