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Abstract:

In this research, quantitative analysis, comparison of the environmental impacts for
Iraqi Babel Lead acid battery (capacity of 135 Amps/hr) throughout the production
processes is conducted for 2012 year, according to the ISO (14040-14043) series of
standards. Two impact assessment methods employed are; Centre of Environmental
Studies (CML-midpoint) and (Eco 95-endpoint). Chain Management Life Cycle Analysis
[CMLCA] software is used to process and generate the collected data. In CML (mid-point)
method four potential environmental impact categories are; [Global Warming Potential
(GWP), Acidification, Eutrophication, and Human toxicity], while Eco 95 (endpoint)
method evaluates six categories of environmental impact are; [Global Warming Potential
(GWP), Acidification, Eutrophication, Heavy metals, Summer, and Winter Smog]. Results
generated according to CML method reveal that formation process as the highest
contributor to GWP by (26%), Eco 95 declared contribution to the GWP of the same
process by (4%). Through CML (mid-point) the assembly process is identified as having
the most significant impact on acidification by (50%), while Eco 95 method quantify
acidification for the same process by (4%). Human toxicity is allocated by (60%)
contribution in the assembly process by CML method, whereas the same process is
identified as the most hazardous process of (93%) contribution heavy metals impact is,
and winter smog (3%) according to Eco 95 method. Formation process is the highest
contributor to Eutrophication according CML method, while Eutiphication is not of
concern, according to (Eco 95) for this process. It is concluded that the environmental
impacts of Babel battery spread over the production processes and every process have
certain environmental impact category (nerveless the quantifying method). Therefore, it is
recommended using both methods to expose all the environmental categories, and to
control the environmental aspects of the company, also it is recommended to use new
technologies for battery production that have less impact on the environment.

Key words: Environmental impact, Lead Acid Battery, ISO, CML Method, Eco 95,
CMLCA, GWP, Acidification, Eutrphication, Heavy metals, winter, Summer, Smog.
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INTRODUCTION|
ue to the increasing awareness of environmental protection and possible impacts
Dassociated with product systems, industries are looking at new approaches to
design and manufacture products that include environmental, with the traditional
requirements of product function, quality, and cost. Life Cycle Analysis(LCA) takes into
consideration the environmental aspects throughout the product life cycle starting from
raw material extraction through production, use, end of life treatment, recycling and final
disposal [1,2]. LCA seeks to maximize the beneficial environmental impacts and to
minimize the adverse ones. Therefore LCA is a central pillar of the environmental product
sustainability [3]. In addition to reducing the negative effect on the environment,
integration of environmental aspects into industrial operations can generate significant
economic benefits [4,5]. Life cycle analysis can be defined as a methodology to evaluate
the environmental impacts of products or processes by identifying and quantitatively
describing the energy and materials used, and waste released to the environment, then
assess the impacts throughout the entire life cycle or from cradle to grave perspective
[6,7]. Life cycle analysis/Assessments (LCA) estimate the environmental effects caused
by products and processes, and employed in decision-making to provide better
understanding of human health and environmental impacts that are not traditionally
considered on selecting a product or process. LCA provides the way to describe the full
impact of decisions, and where they are occurring (locally, regionally, or globally). Life
Cycle Impact Assessment (LCIA) is used to identify significant potential environmental
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effects. LCIA show relative differences in potential environmental impacts, and could
determine which product/ process causes more impact (e.g. global warming potential)
[8,9].

LCIA comprises four elements are: classification, characterization (mid point),
normalization and weighting (end point), the choice of these elements depends on the
method employed in LCA [8,10]. Due to The complex nature of life cycle analysis, it may
not include all of the product life cycle stages, therefore different system boundaries can
be defined according to the life-cycle approach, these approaches are: - Cradle to Grave,
Cradle to Gate, Cradle to Cradle, and Gate to Gate [11,12,13]. Many studies are directed
toward batteries across the world to reveal the current interest of research towards these
products (batteries) and the environmental impact according to their different types and
sizes. Van den Bossche et al. (2005) [14] compared five different battery types which are;
(Lead—acid, Nickel-Cadmium, Nickel-metal hydride, Lithium-ion and Sodium-nickel
chloride) so as to define which type is the most appropriate for electric vehicle
applications from an environmental point of view. Olivetti, Gregory and Kirchain (2011)
[15] employed life cycle analysis to alkaline batteries in order to provide a comprehensive
means for considering the environmental impacts. Whereas Sullivanv and Gaines (2010)
[16] investigated five battery technologies which are; Lead-acid, Nickel-Cadmium, and
Nickel-metal hydride, Sodium-Sulfur, and Lithium-ion batteries. They employed (cradle-
to-gate) approach and focused on the energy use and Greenhouse Gas (GHG) emissions,
and included battery manufacturing as the production of materials that make up batteries.

It worth’s mentioning that there are studies made in the past on Lead acid battery
industry in Iraq, which aimed at recognizing the risk of toxic chemicals or exposing Lead
acid battery impacts by streamlined LCA matrix, yet there is no study on quantitative life
cycle analysis of Lead acid battery in Iraq [17-19]. The goal of the study is to explore the
potential environmental impact of Babel Lead acid battery and highlight the environmental
hotspots using Gate to Gate approach. The next paragraph review LCA methodology of
Babel battery, according to ISO standards (14040-43), followed by experimental work
where data collection, calculations, and analysis according to two impact assessment
methods (CML, and Eco95 indicator) is conducted. Results are further discussed to verify
different impacts, and the last paragraph exposed basic conclusions, recommendations that
are deduced from this research.

LCA Methodology of Babel Battery

The methodological framework of LCA of Babel lead acid battery presented in this
study is shown in Fig. (1), where it consists of four interrelated phases are [20]:- Phase
one:- Goal and Scope Definition Phase: stating the purpose of the life cycle analysis and
the functional unit “quantified performance of a product system for use as a reference
unit”.
Phase Two (LCI) Phase: The energy and raw materials where emissions to atmosphere,
water, and solid are quantified for each step in the production processes shown in Fig. (2)
according to Gate to Gate approach, boundaries are indicated by dotted lines in Fig. (2).
Then combined and related to the functional unit, an inventory of all the inputs and
outputs to and from the production system as part of the inventory analysis according to
the following equations [21,22]:-
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Figure (2). Babel Battery Production Process Flow Diagram [19]
S=A"xf (1)
Where:
A (the technology matrix) that represents the input and output material and energy.
f:(functional unit) where output amounts aggregated over the life cycle of all processes.
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S: (scaling factor): Describe how much of each process output will be used in total.
g=B xS @)

The life cycle emissions are calculated in a further step, by multiplying S with the so-
called matrix B [Emission matrix].

The aggregated emission over the life cycle of all processes the (emission matrix B) is
multiplied, by the scaling factor S. Form that a demand vector g is the result and
represents the life cycle inventory.

Phase Three: (LCIA) In this phase the effect of processes on the environment and human
health to understand its impact, effects of the resource use and emissions. The generated
results of the inventory analysis are grouped and quantified into a limited number of
categories. The Impact Assessment methods are categorized into two groups:-
e The first group uses so called “the midpoint level”, is based on internationally and
scientifically accepted approaches such as acidification, climate change and human-
toxicity, etc. [23].
e The second group impact category indicators at “endpoint level” are easier since the
use of endpoint level in LCIA helps to convey the results to common understanding (such
as damage to human health and damage to ecosystem quality [24,25]. Impact assessment
phase is divided into (characterization, normalization, weighting), as explained below.
— Characterization [h]: The characterization step in the impact assessment aggregates and
quantifies the impact within impact category, according to the following equation [23].
h=Qxg 3)

Where, h: Impact indicator: Characterization factor (based on the impact
assessment method used). and g is Inventory result.
— Normalization [N]: Is found by dividing the impact result by reference value [23].
N=h/R 4

Where, N: the normalized result.
h: the impact indicator from the characterization result.
R: the reference value.
— Weighting [EI]: Single indicators of each category are multiplied by weighting factors
and summed up in a single number, according to the Eq. (5) below [23].
EI=3 VN (5)

Where, EI: the overall Environmental Impact indicator.
V: weighting factor.
N: normalized result.

The impact assessment converts emissions of hazardous substances and extractions of
natural resources into impact category indicators based on the method used. Some of the
impact assessment methods are: CML method, the Eco indicator 95 methods, and the Eco
indicator 99 method etc.,

CML Method focuses on a series of environmental impact categories as shown in Fig
(3). The impact for global warming and Ozone layer depletion is based on
Intergovernmental Panel on Climate Change (IPCC) equivalency factors. For example, the
unit of global warming is (kg CO, equivalent) and the unit for acidification is (Kg SO,
equivalent) [9, 26].

ECO Indicator 95 method expresses the total environmental load of a material or
process in a single aggregated score, where the impact categories are shown in Fig. (4).
Eco-indicator absolute value is relatively meaningless because the indicator is intended
solely for comparative purpose. As the score is dimensionless, it can be summed up and

729



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid
(CML) and End Point (Eco 95) Methods for Babel Lead Acid
Battery Production Processes

then represent the total environmental burden in terms of one Eco-indicator value for each
system under investigation [27].

The fourth and last phase (Interpretation Phase): In this Phase results are interpreted to
determine which process has the least overall impact on human health and the
environment, and/or one or more specific areas of concern as defined by the goal and
scope of the study [8].

Characterization factor Impact potential
L
Env. exchanges L ] impact category  Category indicator
CO= e 1 ?Giﬁbal Warming kg CO-—equivalents
CH. = -,_ .- —*Eutrophication kg NOs-egurvaients
NO, e——07—eAcidification kg SO--equivalents
s, ' |

Figure (3). Environmental impact categories in CML Method [28]
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co: .I
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Figure (4). ECO Indicator 95 Method impact categories [29]

Experimental Work

In this research the life cycle analysis of Babel Lead acid battery of (135 Amps./hr)
capacity is investigated according to the International Organization for Standardization
(ISO)14040-14043 framework for LCA, to identify the major contributors to the
environmental impacts that occur in the production processes according to “Gate to
Gate” approach. The data are collected and processed for the year 2012, the inventory
analysis phase results are calculated employing the Chain Management Life Cycle
Assessment (CMLCA) software, using two different quantitative methods are; CML (Mid-
point) and ECO 95 (End-point)
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LCA phases for lead acid are applied as follows:-

Phase 1: Goal and Scope Definition of Babel Battery

The goal is: to explore the potential environmental impacts of Babel Lead acid battery and
highlight environmental impact hotspots that occur throughout production processes,
whereas the Scope is: Functional Unit (FU), is “delivering electricity throughout a
chemical reaction with an energy storage capacity of 135 (Amps/hr) corresponds to the
weight of (29.207) Kg

Phase 2: Inventory Analysis of Babel Battery:

This phase is performed by these steps:-

e Developing production process flow that is shown in Fig. (2),

e Collecting Process Data: The collected data [for the production processes shown in
dotted line in Fig. (2) i.e Gate to Gate] are quantified, for the inputs to and outputs from
each process; data of material, energy and emission rates, the inventory calculations from
different processes; and,

o Creating Environmental Data: calculations are employed using equations (1), and (2) to
calculate the environmental impacts (loads) from each process in relation to the functional
unit, relevant impact categories are selected based on the inventory analysis results,
grouped according to assessment method.

Results and Discussion.

Results generated from inventory analysis are analyzed and classified according to the
impact assessment method and related environmental impact categories for comparison
purposes. The impact assessment is presented according to Equation. (3), for CML method
and Equations. (4), and (5) according to Eco 95 method, all results are processed and
generated using Chain Management LCA software [CMLCA].

Results Analysis Based on CML

Table (1) shows potential environmental impact categories for Babel battery production
processes of: global warming, acidification, eutrorphication, and human toxicity
potentials. These results are the quantified characterized which at least shows one impact
potential related to them [30], for:

Global Warming Potential (GWP):

The highest contribution to GWP is from the formation process (26%) due to high

energy consumption while charging the plates, followed by Lead oxide production process
(22%) and PVC sintering (19%), respectively as shown in Fig(5). Generally the impact to
GWP of these processes is regarded as (indirect impacts); when generated outside the
processing [at AL-Doura refinery power plant]. Low GWP impact potential is correlated
to grid casting and small parts casting processes (2%) and (1%) respectively. This is
(direct impacts) since it is generated at the manufacturing site [due to consumption of
Liquefied Petroleum Gas or (LPG) fuel].
Acidification: From Table (1) three processes in Lead acid battery manufacturing
processes causes air acidification these are; assembly, pasting and formation processes, as
shown in Figure (6).The emissions of SO, equivalent are generated from these processes.
The assembly process represents the most significant impact on acidification it contributes
by (50%). This impact occurs due to stacking and movement of the plates to form the
cells, while the pasting process contribution of (33%) and the formation process
contribution is (17%). The summation of the remaining eight production processes share
is negligible as shown in Table (1),and Figure (6).
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Eutrophication:

Two processes pose the potential category sources of impact on eutrophication as the
rest of processes don’t cause a wastewater discharge as depicted in Fig. (7), these
processes are; formation of (71%) contribution, followed by pasting process of (29%)
contribution [because of the discharge waste water resulted from removing the suspended
material in the plates].

Human Toxicity:

This category involves the release of pollutants that are uncontrolled, except for paste
mixing processes where wet scrubber is available. This impact varies from process to
process and almost negligible in plastic manufacturing process, while other processes have
high impact such as the assembly process, as seen from Fig. (8). This process has a major
contribution to human toxicity of (59%) followed by pasting (14%) then grid casting
(12%) processes.

Table (1). Potential Impacts of Babel Battery Production Processes according CML
Method [30]

. Glob.a ! Acidification | Eutrophication Hufn.a "
Battery manufacturing warming q q toxicity
5 potential (kg potential (kg ;
processes potential (kg SO, eq.) PO, eq.) potential (kg
CO; eq.) 1,4 BD eq.)
Lead oxide production 29.8 B B 0.005918
Grid casting 2.63 B B 0.04962
Paste mixing 9.47 _ _ 0.04007
Pasting 9.47 0.0701 0.000594 0.05882
Formation 35.1 0.0371 0.00149 0.00963
Box molding 8.29 B B 0.00011
Cover molding 3.55 B B 3.28E-05
Plugs molding 3.55 B B 6.19E-05
PVC sintering 25.6 B B B
Small parts casting 0.788 _ _ 0.005886
Assembly 5.92 0.108 B 0.244
Total impact 134 0.215 0.00208 0.414

Results Analysis based on ECO 95.

This analysis is performed for Lead acid battery manufacturing processes, since ECO
95 method evaluates six categories; (global warming potential, acidification,
Eutrophication, heavy metals, Summer smog, and Winter smog). These results can be used
to compare between production processes and impact categories as shown Figure(9).
Figure (9) shows the contribution of each production process according the six categories
identified by Eco 95 method. It could be noticed the high contribution in the heavy metals
category of the assembly process by (93%), acidification (4%) followed by Winter Smog
(3%). Two processes are the major contributor to the heavy metals category are; grid and
small part castings as Lead is emitted during these processes (uncontrolled emissions
generated) thus it represents (99%) among their other impact categories as seen in Fig. (9).
For GWP category four processes are identified as having high values and overall
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contribution to this category as shown in Fig. (9), these processes are box, cover, and plug
molding followed by PVC Sintering and less impact of Lead oxide production process.

Formation process emits Lead into the water of contribution of heavy metals category
(96%), but low impact on acidification [about (4%)] the reason behind differences
between the two assessment methods is because ECO 95 method does not consider
Sulfuric acid as acidification potential, while CML method does. As seen in Fig. (9)
Eutrophication is not the main issue thorough the whole Lead acid battery production
processes. Furthermore, some emissions generated through production processes do not
have characterization factor in both methods either because these methods do not consider
these emissions as an origin of environmental impact or the environmental impact is not
known yet.

Conclusions

It is found that the environmental impact of Babel battery  production processes
spreads over all the processes and every process has a certain impact on the environment.
The following conclusions are deduced based on comparing two LCA impact assessment
methods CML, and Eco 95:

1. CML (mid-point) method signified formation process as the highest contributor to
GWP by (26%). While Eco 95 method identified GWP of the same process by (4%)
contribution. Eco methods results reveals other process that contributes highly in GWP
category are; box, cover, plug molding, and PVC Sintering and less impact value of lead
oxide production process.

2. CML (mid-point) identified the assembly process as the process of the highest impact
on acidification by (50%), while the Eco 95 method quantifies acidification for the same
process by (4%).

3. For human toxicity category CML method results allocated the assembly process by

(60%) contribution, whereas Eco 95 method assigned the same process as the most
hazardous process by (93%) contribution to heavy metals category.

4. Highest contributor to Eutrophication (71%) is for formation process according to

CML, but Eco 95 method reveals that eutrophication is not the main issue through the
whole Lead acid battery production processes.

5. Potential impacts in CML (midpoint) method are generally calculated based on
differing scales and cannot be directly compared, where in Eco95 method (endpoint) the
impacts are comparable due to performing of normalization and weighting steps.

Since production processes of Babel battery cause significant damage to the environment
through various impact categories therefore it is recommended:-

_full reconsideration in the design and production of this product should be employed to
minimize and optimize this process environmental impacts.

_Employing both assessment methods is important to verify the whole possible threats
throughout Babel Lead acid battery production process.

733



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid
(CML) and End Point (Eco 95) Methods for Babel Lead Acid

Battery Production Processes

Global Warming Potential
] 26%
35
22%
30 +——=

19%
25 ks =] - S

Kg CO; Equivalent

& % & e ,
1:?1’6 @"o & & 4 \55& & 3*8& ‘F‘:&&’ &
2+ 2 * < g <.‘¢> &F L3 4
F c}"ﬁ i L , U v
¢ & F T

Manufacturing Processes

Figure (5). Global Warming Potential Impact per Functional Unit [30]

Acidification

o
=

o
o
3]
w
w
R

17%

kg SO, Equivialent
o o
2 &

0.02 -

Pasting Formation Assembly

Manufacturing Process

Figure (6). Acidification Potential Impact per Functional Unit [30]

734



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid

(CML) and End Point (Eco 95) Methods for Babel Lead Acid
Battery Production Processes

kg 1,4 DB Equivalent

Eutrophication

Pasting Formation

FE)
c
g
m
2
=
o
fld
Ao g
o
o

%

Manufacturing processes

Figure (7). Eutrophication Potential Impact per Functional Unit [30]

Human toxicity
0.3
0.25
0.2
15 -
0.1

o 8
]5
C
£
g
s
|

| 2

: _ . & b
o A LAY "y b LA
é}bﬂ+ ; @tF @{“& S ; 5 6.{53\ ep}& {@:? ?b&@
& %
OB o N §¢
L+
Manufacturing processes “

Figure (8). Human Toxicity Impact per Functional Unit [30]

735



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid
(CML) and End Point (Eco 95) Methods for Babel Lead Acid
Battery Production Processes

100% x
90% B Winter smog
80% —
E J0Rs
‘E E0% L SUMmmer smiog
= S0%
£ 40% -
8 H Heavy metals
¥ 30%
200 ;
10% B Eutriphication
0%
. : i
‘)c‘: & &s*’ﬂ P § f ~:~’¢*§a§* &éﬁ& La$ﬁ§§ B Acidification
& & & 5? S
It & -1‘“' W &
,ab-a o B Global warming
2 " tential
L Manufacturing processes potentia

Figure (9). The Contribution of Battery Lead acid production Processes to
Environmental Impact per Functional Unit [19]

References

[1] Soriano, V. J. “A simplified assessment methodology to environmentally sound
product design,” Proceedings of the Fifth Asia Pacific Industrial Engineering and
Management Systems Conference, Diliman, Philippine, 2006.

[2] Koroneos, C., Nanaki, E., Rovas, D., Krokida, M. “Life cycle assessment: a strategic
tool for sustainable development decisions,” The Third World Sustainability Forum,
Greece, 2013.

[3] O’Neill, T.J. “Life cycle assessment and environmental impact of polymeric products”,
Rapra Technology Limited, United Kingdom, Vol. 13, No. 12, 2003.

[4] Eltayeb, T. K. and Zailani, S. “Going green through green supply chain initiatives
towards environmental sustainability”, J. Operations and supply chain management Vol. 2,
No. 2, 93-110, 2009.

[5] Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkele,r D., Norris, G., Rydberg, T.,
Schmidt, W.P., Suh, S., Weidema, B.P., Pennington, D.W. “Life cycle assessment part 1:
framework, goal and scope definition, inventory analysis, and applications,” Environment
International, Vol. 30, No. 5, 701-720, 2004.

[6] Morera, S. and Comas, J. “Life cycle assessment and water management-related
issues”, Documenta Universiteria, Girona, Spain, 2012.

[7] Curran, M.A. Life Cycle Assessment Handbook: A Guide for Environmentally
Sustainable Products, Wiley, USA, 2012.

[8] Curran, M.A “Development of life cycle assessment methodology: a focus on co-
product allocation”, Ph.D dissertation, Erasmus University Rotterdam, USA, 2008.

736



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid
(CML) and End Point (Eco 95) Methods for Babel Lead Acid
Battery Production Processes

[9] Trenton, E. “The Application of two models of life cycle assessment (lca) for transition
to the low-carbon economy: a case study in the aluminum industry”, M.Sc. Thesis,
Ryerson University, Canada, 2012.

[10] Huang, H. Life Cycle Assessment Comparison Between Pepfacant and Chemical
Surfactant Production, University of Adelaide, Australia, 2008.

[11] Cuevas, P. “Comparative life cycle assessment of biolubricants and minerals”, M.Sc.
Thesis, University of Pittsburgh, USA, 2010.

[12] Jeamjumrussin, K “Life cycle assessment of paints for refrigerator in Thailand",
M.Sc. Thesis, Kasetsart University, Thailand, 2006.

[13] Huang, H. “Life cycle assessment comparison between pepfacant and chemical
surfactant production”, University of Adelaide, Australia, 2008.

[14] Van den Bossche, P., Vergels, F., Van Mierloc, J., Matheysc, J. and Van Autenboer,
W. “SUBAT: an Assessment of sustainable battery technology”, Journal of Power
Sources, Vol. 7193, 1-7, 2005.

[15] Sullivan, J.L. and Gaines. L. A Review of Battery Life Cycle Analysis: State of
Knowledge and Critical Needs, Energy Systems Division, Argonne National Laboratory,
USA, 2010.

[16] Olivetti, E., Gregory, J. and Kirchain, R. “Life cycle impacts of alkine batteries with a
focus on end of life”, National Electrical Manufacturers Association, Massachusetts
Institute of Technology, USA. 2011.

[17] Al-Alusi, O. “Risk assessment for lead emissions from babel batteries manufacturing
in Al-Waziriya Baghdad”, M.Sc. Thesis, University of Baghdad, Iraq, 2004.

[18] Al-Saffar, K. “Green design: a case study,” Al-Muhandas Journal, Al-Mustansiriyah
University, Vol.3, Oct, Iraq, 2002.

[19] Hind, .M., “Investigation of LCA for Babel Lead Acid Battery Manufacturing
Processes,” M.Sc. Thesis, University of Technology, Baghdad, Iraq, 2014.

[20] Scientific Applications International Corporation (SAIC) “Life cycle assessment
principles and practices,” EPA/600/R-06/060, Ohio, USA, 2006.

[21] Heijungs, R., Settanni, E., and Guinée, J., “Toward a computational structure for life
cycle sustainability analysis: unifying LCA and LCC,” Int. J. Life Cycle Assessment,
2012.

[22] Heijungs, R. and Suh, S. “The computational structure of life cycle assessment,”
Kluwer Publisher, Dordrecht, Europe, 2002.

[23] ISO, International Standard 14042 “Environmental management-life cycle
assessment-life cycle impact assessment”, Switzerland, 2006.

[24] Simoes, C.L, Xara, S.M., and Bernardo, C.A. “Influence of the impact assessment
method on the conclusion of a Ica study: application to the case of a part made with virgin
and recycled HDPE,” Institute of polymer composites, University of Minho, Portugal,
2008.

[25] Trenton, E. “The application of two models of life cycle assessment (lca) for
transition to the low- carbon economy: a case study in the aluminum industry,” M.Sc.
Thesis, Ryerson University, Canada, 2012.

[26] Huang, H. “Life cycle assessment comparison between pepfacant and chemical
surfactant production,” University of Adelaide, Australia, 2008.

[27] Jeamjumrussin, K. “Life cycle assessment of paints for refrigerator in Thailand,”
M.Sc. Thesis, Kasetsart University, Thailand. 2006.

[28] Thrane, M and Schmidt, J.H. “Life cycle assessment introduction to LCA,” Tools for
Sustainable Development, PP. 204-239, Aalborg Universitets forlag, Denmark, 2007.

[29] Goedkoop, M. “The ECO-indicator 95: final report,” Pré Consultants, Europe, 1994.

737



[ RN L IR LIARE R LR GV L)) Comparison Study of Environmental Impact between Mid
(CML) and End Point (Eco 95) Methods for Babel Lead Acid
Battery Production Processes

[30] May George Kassir, Lamyaa Mohammed Dawood, and Hind Ihsan Mohammed
“Gate to Gate” life cycle Analysis of Babel Lead Acid Battery,” Diayla J. of Engn.Sci.,
Dayala University, Dayala, Iraq (under publication Processing) 2015.

738



