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VILRECOMMENDATIONS

Energy and waste management systems are cost-effective and should be implemented in
different industries.

Employee’s awareness should be included as a key factor in the success of any energy or
waste management systems.

Applying a scheduled for preventive maintenance of process machinery is recommended,
in order to minimize forced shut downs in production line that affects overall efficiency.
Acidification, eutrophication and respiratory potentials due to the release of air emission
from printing, dyeing, chemicals handling and boilers emissions can be minimized by
using non-volatile chemicals, optimizing boiler operations and reducing the use of
solvents.

It is preferable to useincineration as a handling method for hazardous solid waste as it has
less impact on human health, and ecosystem quality.

State of the art incinerator or landfill should be used for hazardous solid treatment even if
they are more cost expensive, in order to mitigate negative environmental impacts.

It is recommended to minimize the usage of inorganic pigments and use organic
ecofriendly dyes in acrylic fiber manufacturing to reduce the ecotoxicity and carcinogenic
potential of generated wastes.

LCA methodology should be an integrated part of environmental management system to
ensure sustainability and better quality of life.

It is recommended to use LCA software and develop new ones to easy the procedure and
have it done more precisely.

Further investigations are required for usage of energy from industrial wastes as
renewable energy sources.

Acrylic fiber industry is a high energy consumer; it is recommended to minimize energy
requirements and use other energy sources in the different process in order to reduce both
energy consumption and environmental impact of the industry.
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IX. APPINDICES
APPENDIX (A)
APPENDIX (A1): IS0 14040:1997

International Standard for “Environmental management — Life
cycle assessment - Principles and framework”

Introduction

The heightened awareness of the importance of environmental protection, and the possible
impacts associated with products, manufactured and consumed, has increased the interest in the
development of methods to better comprehend and reduce these impacts. One of the techniques
being developed for this purpose is Life Cycle Assessment (LCA). The International Standard
describes the principles and framework for conducting and reporting LCA studies, and includes
certain minimal requirements. LCA is a technique for assessing the environmental aspects and
potential impacts associated with a product, by
- compiling an inventory of relevant inputs and outputs of a product system
- evaluating the potential environmental impacts associated with those inputs and outputs
- interpreting the results of the inventory analysis and impact assessment phases in relation to the
objectives of the study.
LCA studies the environmental aspects and potential impacts throughout a product’s life (i.e.
cradler to grave) from raw material acquisition through production, use and disposal. The general
categories of environmental impacts needing consideration include resource use, human health,
and ecological consequences.

LCA can assist in

- identifying opportunities to improve the environmental aspects of products a various points in
their life cycle

- decision-making in industry, governmental or non-governmental organizations (e.g. strategic
planning, priority setting, product or process design or redesign)

- selection of relevant indicators of environmental performance, including measurement
techniques ; and

- marketing (e.g. an environmental claim, ecolabelling scheme or environmental product
declaration).

The scope, boundaries and level of detail of an LCA study depend on the subject and
intended use of the study. The depth and breadth of LCA studies may differ considerably
depending on the goal of a particular LCA study. However, in all cases, the principles and
framework established in this International Standard should be followed.

LCA is one of several environmental management techniques (e.g. risk assessment,
environmental performance evaluation, environmental auditing, and environmental impact
assessment) and may not be the most appropriate technique to use in all situations. LCA typically
does not address the economic or social aspects of a product. Because all techniques have
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limitations, it is important to understand those that are present in LCA. The limitations include

the following.

- The nature of choices and assumptions made in LCA (e.g. system boundary setting, selection
of data sources and impact categories) may be subjective.

- Models used for inventory analysis or to assess environmental impacts are limited by their
assumptions, and may not be available for all potential impacts or applications.

- Results of LCA studies focused on global and regional issues may not be appropriate for local
applications, i.e. local conditions might not be adequately represented by regional or global
conditions.

- The accuracy of LCA studies may be limited by accessibility or availability of relevant data,
or by data quality, e.g. gaps, types of data, aggregation, average, site-specific.

- The lack of spatial and temporal dimensions in the inventory data used for impact assessment
introduces uncertainty in impact results. This uncertainty varies with the spatial and temporal
characteristics of each impact category.

Generally, the information developed in an LCA study should be used as part of a much more

comprehensive decision process or used to understand the broad or general trade-offs. Comparing

results of different LCA studies is only possible if the assumptions and context of each study are
the same. These assumptions should also be explicitly stated for reasons of transparency.

This International Standard provides principles and framework and provides some

methodological requirements for conducting LCA studies. Additional details regarding methods

are provided in the complementary International Standards IS0 14041, IS0 14042 and IS0 14043

concerning the various phases of LCA .

1 Scope

This International Standard specifies the general framework, principles and requirements for
conducting and reporting life cycle assessment studies. This International Standard does not
describe the life cycle assessment technique in detail.

2 Normative reference

The following standard contains provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of the publication, the edition indicated was
valid.

3 Definitions
For the purposes of this International Standard, the following definitions apply.
3.1. Allocation
Partitioning the input or output flows of a unit process to the product system under study
3.2. Comparative assertion
Environmental claim regarding the superiority or equivalence of one product versus a
competing product which performs the same function
3.3. Elementary flow
(1) Material or energy entering the system being studied, which has been drawn
environment without previous human transformation
(2) Material or energy leaving the system being studied, which is discarded into the
environment without subsequent human transformation.
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3.4. Environmental aspect
Element of an organization’s activities, products or services that can interact with the
environment

3.5. Functional unit
Quantified performance of a product system for use as a reference unit in a life cycle
assessment study

3.6. Input
Material or energy which enters a unit process
Note: Materials may include raw materials and products.

3.7. Interested party
Individual or group concerned with or affected by the environmental performance of a
product system, or by the results of the life cycle assessment

3.8. Life cycle
Consecutive and interlinked stages of a product system, from raw material acquisition or
generation of natural resources to the final disposal

3.9. Life cycle assessment (LCA)
Compilation and evaluation of the inputs, outputs and the potential environmental impacts
of'a product system throughout its life cycle

3.10. Life cycle impact assessment
Phase of life cycle assessment aimed at understanding and evaluating the magnitude and
significance of the potential environmental impacts of a product system

3.11. Life cycle interpretation
Phase of life cycle assessment in which the findings of either the inventory analysis or the
impact assessment, or both, are combined consistent with the defined goal and scope in
order to reach conclusions and recommendations

3.12. Life cycle inventory analysis
Phase of life cycle assessment involving the compilation and quantification of inputs and
outputs, for a given product system throughout its life cycle

3.13. Output
Material or energy which leaves a unit process
Note : Materials may include raw materials, intermediate products, products, emissions
and waste.

3.14. Practitioner
Individual or group that conducts a life cycle assessment

3.15. Product system
Collection of materially and energetically connected unit processes which performs one or
more defined functions
Note : In this International Standard, the term “product” used alone includes not only
product systems but can also include service system

3.16. Raw material
Primary or secondary material that is used to produce a product

3.17. System boundary
Interface between a product system and the environment or other product systems

3.18. Transparency
Open, comprehensive and understandable presentation of information



87

3.19. Unit process
Smallest portion of a product system for which data are collected when performing a life
cycle assessment

3.20. Waste
Any output from the product system which is disposed of

4. General description of LCA
4.1. Key features of LCA
The following list summarizes some of the key features of the LCA methodology.
- LCA studies should systematically and adequately address the environmental aspects of
product systems, from raw material acquisition to final disposal.
- The depth of detail and time frame of an LCA study may vary to a large extent, depending
on the definition of goal and scope.
- The scope, assumptions, description of data quality, methodologies and output of LCA
studies should be transparent. LCA studies should discuss and document the data sources,
and be clearly and appropriately communicated.
- Provisions should be made, depending on the intended application of the LCA study, to
respect confidentiality and proprietary matters.
- LCA methodology should be amenable to the inclusion of new scientific findings and
improvements in the state-of-the-art of the technology.
- Specific requirements are applied to LCA studies which are used to make a comparative
assertion that is disclosed to the public.
- There is no scientific basis for reducing LCA results to a single overall score or number,
since trade-offs and complexities exist for the systems analysed at different stages of their
life cycle.
- There is no single method for conducting LCA studies. Organizations should have
flexibility to implement LCA practically as established in this International Standard,
based upon the specific application and the requirements of the user.
4.2. Phases of an LCA

Life cycle assessment shall include definition of goal assessment and interpretation of
results, as illustrated in goal and scope, inventory analysis, impact figure 1. LCA results may be
useful inputs to a variety of decision-making processes. Applications of LCA such as the
examples listed in figure 1 are outside the scope of this International Standard.
Life cycle inventory studies shall include definition of goal and scope, inventory analysis and
interpretation of results. The requirements and recommendations of this International Standard,
with the exception of those provisions regarding impact assessment, also apply to life cycle
inventory studies.
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5. Methodological framework

In addition to the general requirements specified below, it is a requirement of this
International Standard that the definition of goal and scope and the inventory comply with the
respective provisions of IS0 14041.

5.1 Definition of goal and scope
The goal and scope of an LCA study shall be clearly defined and consistent with the
intended application.
5.1.1 Goal of the study
The goal of an LCA study shall unambiguously state the intended application, the reasons
for carrying out the study and the intended audience, i.e. to whom the results of the study are
intended to be communicated.
5.1.2 Scope of the study
In defining the scope of an LCA study, the following items shall be considered and clearly
described :
- The functions of the product system, or, in the case of comparative studies, the systems ;
- The functional unit
- The product system to be studied
- The product system boundaries
- Allocation procedures
- Types of impact and methodology of impact assessment, and subsequent interpretation to be
used
- Data requirements
- Assumptions
- Limitations
- Initial data quality requirements
- Type of critical review, if any
- Type and format of the report required for the study.
The scope should be sufficiently well defined to ensure that the breadth, the depth and the detail
of the study are compatible and sufficient to address the stated goal.
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LCA is an iterative technique. Therefore, the scope of the study may need to be modified while
the study is being conducted as additional information is collected.
5.1.2.1 Function and functional unit

The scope of an LCA study shall clearly specify the functions of the system being studied.
A functional unit is a measure of the performance of the functional outputs of the product system.
The primary purpose of a functional unit is to provide a reference to which the inputs and outputs
are related. This reference is necessary to ensure comparability of LCA results. Comparability of
LCA results is particularly critical when different systems are being assessed to ensure that such
comparisons are made on a common basis. A system may have a number of possible functions
and the one selected for a study is dependent on the goals and scope of the study. The related
functional unit shall be defined and measurable.
Example : The functional unit for a paint system may be defined as the unit surface protected for
a specified time period.
5.1.2.2 System boundaries

The system boundaries determine which unit processes shall be included within the LCA.
Several factors determine the system boundaries, including the intended application of the study,
the assumptions made, cut-off criteria, data and cost constraints, and the intended audience. The
selection of inputs and outputs, the level of aggregation within a data category, and the modelling
of the system shall be consistent with the goal of the study. The system should be modelled in
such a manner that inputs and outputs at its boundaries are elementary flows. The criteria used in
establishing the system boundaries shall be identified and justified in the scope of the study. LCA
studies used to make a comparative assertion that is disclosed to the public shall perform an
analysis of material and energy flows to determine their inclusion in the scope of the study.
5.1.2.3 Data quality requirements

Data quality requirements specify in general terms the characteristics of the data needed
for the study. Data quality requirements shall be defined to enable the goals and scope of the
LCA study to be met. The data quality requirements should address :
- time-related coverage
- geographical coverage
- technology coverage
- precision, completeness and representativeness of the data
- consistency and reproducibility of the methods used throughout the LCA
- sources of the data and their representativeness
- uncertainty of the information.
Where a study is used to support a comparative assertion that is disclosed to the public, the
above-mentioned data quality requirements shall be addressed.
5.1.2.4 Comparisons between systems

In comparative studies, the equivalence of the systems being compared shall be evaluated
before interpreting the results. Systems shall be compared using the same functional unit and
equivalent methodological considerations, such as performance, system boundaries, data quality,
allocation procedures, decision rules on evaluating inputs and outputs and impact assessment.
Any differences between systems regarding these parameters shall be identified and reported. In
the case of comparative assertions disclosed to the public, this evaluation shall be conducted in
accordance with the critical review process of section 7.3.3. Another requirement for comparative
assertions disclosed to the public is that an impact assessment shall be performed.
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5.1.2.5 Critical review considerations

Critical review is a technique to verify whether an LCA study has met the requirements of
this International Standard for methodology, data and reporting. Whether and how to conduct a
critical review, as well as who conducts the review, shall be defined in the scope of the study. In
general, critical reviews of an LCA are optional and may utilise any of the review options
outlined in 7.3. A critical review shall be conducted for LCA studies used to make a comparative
assertion that is disclosed to the public and shall employ the critical review process outlined in
78.3.

5.2 Life cycle inventory analysis
5.2.1 General description of life cycle inventory

Inventory analysis involves data collection and calculation procedures to quantify relevant
inputs and outputs of a product system. These inputs and outputs may include the use of
resources and releases to air, water and land associated with the system. Interpretations may be
drawn from these data, depending on the goals and scope of the LCA. These data also constitute
the input to the life cycle impact assessment. The process of conducting an inventory analysis is
iterative. As data are collected and more is learned about the system, new data requirements or
limitations may be identified that require a change in the data collection procedures so that the
goals of the study will still be met. Sometimes, issues may be identified that require revisions to
the goal or scope of the study.
5.2.2 Data collection and calculation procedures

The qualitative and quantitative data for inclusion in the inventory shall be collected for
each unit process that is included within the system boundaries. The procedures used for data
collection may vary depending on the scope, unit process or intended application of the study.
Data collection can be a resource-intensive process. Practical constraints on data collection
should be considered in the scope and documented in the study report.
Some significant calculation considerations are outlined in the following.

- Allocation procedures are needed when dealing with systems involving multiple products
(e.g. multiple products from petroleum refining). The materials and energy flows as well
as associated environmental releases shall be allocated to the different products according
to clearly stated procedures, which shall be documented and justified.

- The calculation of energy flow should take into account the different fuels and electricity
sources used, the efficiency of conversion and distribution of energy flow as well as the
inputs and outputs associated with the generation and use of that energy flow.

5.3 Life cycle impact assessment

The impact assessment phase of LCA is aimed at evaluating the significance of potential
environmental impacts using the results of the life cycle inventory analysis. In general, this
process involves associating inventory data with specific environmental impacts and attempting
to understand those impacts. The level of detail, choice of impacts evaluated and methodologies
used depends on the goal and scope of the study. This assessment may include the iterative
process of reviewing the goal and scope of the LCA study to determine when the objectives of the
study have been met, or to modify the goal and scope if the assessment indicates that they can not
be achieved.
The impact assessment phase may include elements such as, among others :

- assigning of inventory data to impact categories (classification)
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- modelling of the inventory data within impact categories (characterization)
- possibly aggregating the results in very specific cases and only when meaningful
(weighting). Note : Data prior to weighting should remain available.

The methodological and scientific framework for impact assessment is still being developed.
Models for impact categories are in different stages of development. There are no generally
accepted methodologies for consistently and accurately associating inventory data with specific
potential environmental impacts. There is subjectivity in the life cycle impact assessment phase
such as the choice, modelling and evaluation of impact categories. Therefore, transparency is
critical to impact assessment to ensure that assumptions are clearly described and reported.

5.4 Life cycle interpretation

Interpretation is the phase of LCA in which the findings from the inventory analysis and
the impact assessment are combined together, or, in the case of life cycle inventory studies, the
findings of the inventory analysis only, consistent with the defined goal and scope in order to
reach conclusions and recommendations. The findings of this interpretation may take the form of
conclusions and recommendations to decision-makers, consistent with the goal and scope of the
study.
The interpretation phase may involve the iterative process of reviewing and revising the scope of
the LCA, as well as the nature and quality of the data collected consistent with the defined goal.
The findings of the interpretation phase should reflect the results of any sensitivity analysis that is
performed. Though subsequent decisions and actions may incorporate environmental implications
identified in the findings of the interpretation, they lie beyond the scope of the LCA study, since
other factors such as technical performance, economic and social aspects are also considered.

6. Reporting
The results of the LCA shall be fairly, completely and accurately reported to the intended

audience. The type and format of the report shall be defined in the scope phase of the study. The
results, data, methods, assumptions and limitations shall be transparent and presented in sufficient
detail to allow the reader to comprehend the complexities and trade-offs inherent in the LCA
study. The report shall also allow the results and interpretation to be used in a manner consistent
with the goals of the study. When the results of the LCA are to be communicated to any third
party, i.e. interested party other than the commissioner or the practitioner of the study, regardless
of the form of communication, a third-party report shall be prepared. This report constitutes a
reference document, and shall be made available to any third party to whom the communication
is made. The third-party report shall cover the following aspects:
a) general aspects :

1) LCA commissioner, practitioner of LCA (internal or external)

2) date of report

3) statement that the study has been conducted according to the requirements of this

International Standard.

b) definition of goal and scope
c) life cycle inventory analysis : data collection and calculation procedures
d) life cycle impact assessment : the methodology and results of the impact assessment that was
performed
e) life cycle interpretation :

1) the results
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2) assumptions and limitations associated with the interpretation of results
3) methodology and data related
4) data quality assessment.
f) Critical review :
1) name and affiliation of reviewers
2) critical review reports
3) responses to recommendations.
For comparative assertions, the following issues shall also be addressed by the report :
- analysis of material and energy flows to justify their inclusion or exclusion
- assessment of the precision, completeness and representativeness of data used
- description of the equivalence of the systems being compared in accordance with 5.1.2.4
- description of the critical review process.

7 Critical review
7.1 General description of critical reviews

The critical review process shall ensure that.

- the methods used to carry out the LCA are consistent with this International Standard

- the methods used to carry out the LCA are scientifically and technically valid

- the data used are appropriate and reasonable in relation to the goal of the study

- the interpretations reflect the limitations identified and the goal of the study

- the study report is transparent and consistent.
Since this International Standard does not specify requirements on the goals or uses of LCA, a
critical review can neither verify nor validate the goals that are chosen for an LCA, or the uses to
which LCA results are put. The scope and type of critical review desired shall be defined in the
scope phase of an LCA study.
7.2 Need for critical review

A critical review may facilitate understanding and enhance the credibility of LCA studies,

for example by involving interested parties. The use of LCA results to support comparative
assertions raises special concerns and requires, critical review, since this application is likely to
affect interested parties that are external to the LCA study. In order to decrease the likelihood of
misunderstandings or negative effects on external interested parties, critical reviews shall be
conducted on LCA studies where the results are used to support comparative assertions.
However, the fact that a critical review has been conducted should in no way imply an
endorsement of any comparative assertion that is based on an LCA study.

7.3 Critical review processes

If an LCA study is to be critically reviewed, the scope of the critical review should be
defined during the goal and scope definition phase of the study. The scope should identify why
the critical review is being undertaken, what will be covered and to what level of detail, and who
needs to be involved in the process. Confidentiality agreements regarding the content of the LCA
study should be entered into as needed.
7.3.1 Internal expert review

A critical review may be carried out internally. In such a case, it shall be performed by an
internal expert independent of the LCA study. This expert should be familiar with the
requirements of this International Standard and have the necessary scientific and technical
expertise. A review statement is prepared by the person conducting the LCA study and then
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reviewed by the internal, independent expert. The review statement may also be prepared in its
entirety by the internal, independent expert. The review statement shall be included in the LCA
study report.
7.3.2 External expert review
A critical review may be carried out externally. In such a case, it shall be performed by an

external expert, independent of the LCA study. This expert should be familiar with the
requirements of this International Standard and have scientific and technical expertise. A review
statement is prepared by the person conducting the LCA study and then reviewed by the external,
independent expert, The review statement may also be prepared in its entirety by the external,
independent expert. The review statement, comments of the practitioner and any response to
recommendations made by the reviewer, shall be included in the LCA study report.
7.3.3 Review by interested patties

An external independent expert is selected by the original study commissioner to act as
chairperson of a review panel. Based on the goal, scope and budget available for the review, the
chairperson selects other independent qualified reviewers. This panel may include other
interested parties affected by the conclusions drawn from the LCA study, such as government
agencies, non-governmental groups, or competitors. The review statement and review panel
report, as well as comments of the expert and any responses to recommendations made by the
reviewer or by the panel, shall be included in the LCA study report.
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APPENDIX (A2): SimaPro Software
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A software package developed for implementing life cycle assessment, developed by PRé
Consultants Company, the Netherlands. Since 1990, SimaPro has been the market—leading life
cycle solution all over the world.

Address: Plotterweg 12, 3821 BB Amersfoort, the Netherlands

phone + 31 33 4555022, fax + 31 33 4555024

e-mail support@pre.nl

web site www.pre.nl

SimaPro comes with loads of data. Around 10,000 inventory data records are available for
SimaPro. Most are included for free with a license.

SimaPro7 software contains a number Ecoinvent libraries. These libraries contain over
2500 processes, covering a very wide range of processes. It contains a number of impact
assessment methods as well.

It is distinguished from other softwares which develop life cycle assessment by the ability
to develop waste handling scenarios for different approaches.

SimaPro includes input-output datasets. Use cost data to define the LCA model. Ideal data
for screenings, or for estimating and assessing services. Combine cost and environmental
data.

SimaPro evaluates uncertainties in such a way that determine the significance of the
differences in a comparison between product systems.

SimaPro is designed for LCA teamwork. SimaPro is the only commercial LCA software
that supports true multi user implementations. LCA team can work on a single database at
the same time, even if they are in very different locations (using a network, Citrix or a
similar solution).
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Impact Indicator*

Waste streaming approach

Incineration Landfill
Global Warming Potential (GWP) v \
Acidification Potential (AP) \ v
Eutrophication Potential (EP) \i \
Carcinogens Potential (CP) \ v
Ecotoxicity Potential (ETP) v \
Respiratory Inorganic Formation Potential (RIFP) \ v
Respiratory Organic Formation Potential, Radiation (ROFP) X X
Ozone Layer Depletion (OLD) X X
Minerals Depletion (MD) X X
Land Use (LU) X
Fossil Fuels Depletion (FFD) v

* Effect on impact indicator at cut off criteria 0.1%
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Date of Inspection :

Area:

Inspectors Name:

Leakage Place Leakage Type Job type
Sr. Remarks
No Dept. Area Equip. Description Air water Steam RM Online Shutdown
Figure B1. Template of internal audit for leakages
Data Collection Sheets
Unit: Section:
Date: Time:
Major Leakages Observed In the System
Major Pressure ; Extent of | Energy
S.no. headers K g/cmz Location leskaoe wasted
/ branches g
1
2
3

Figure B2. Template for data collection sheet used during the audit
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Doc.
MOTOR DATA Rev. No.
Date
Name of Unit :
Description of Make Rating KW
Driven Location Motor Design Rated
Sr. No. Equipment No. Equipment Sr.No. Rated Actual Efficiency Speed
CRITICAL LOAD
1
2
’ ||
Figure B3. Motors data collection sheet
Doc.
VARIABLE SPEED DRIVES DATA Rev. No.
Date
Name of Unit :
Sr.No. Location / Make Rated Type of Motor Filter
Driven Equipment KVA Drive Motor Rating, kW Installed
1
2
3

Figure B4. Variable speed drive data collection sheet
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Doc.
CAPACITOR DATA Rev. No.
Date
Name of Unit :
Sr. Location Make Type Rated KVAR Power Factor
Before After
Voltage Installed | Operation Cap. Cap.
1
2
3
Figure BS. Capacitor data collection sheet
Doc.
LIGHTING DATA Rev:
No.
Date
Name of Unit :
Sr. Location Topeot Ko oF 5 Actual Lux
No. (Section) Fitting Fittings Installed | Actual Level

Figure B6. Lighting data collection sheet
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Doc.
ENERGY METERS DATA Rev. No.
Date
Name of Unit :
Last Calibration Done
Sr.No. | Location Type Sr.No. of Meter Make Accuracy (date)

Figure B7. Energy meters data collection sheet
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APPENDIX. (©)

Egyptian standards concerning wastewater discharge to non-fresh water
drains (key parameters).

Parameter Law 48/82
(mg/l unless otherwise noted) Industrial Discharge

BOD:s (5 day, 20°C) 60

50
COD (Permanganate)
COD (Dichromate) 100
PH (units) 6-9
Oil & Grease 10
Temperature (deg.) 35
Total Suspended Solids 60
Settleable Solids (ml/l) -
Total Dissolved Solids 2000
POy 10

NH;-N (Ammonia) -

NO;-N (Nitrate) 40
Total Recoverable Phenol 0.005
Fluoride 0.5
Sulfide 1
Chlorine -
Surfactants -

Probable counting for the colon group in 100 cm’ 5000
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