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ABSTRACT

The Life Cycle Assessment (LCA) tool has received mereasing attention for its role in
environmental decision making processes, where it supports the process of identifying
where there is the need for environmental improvernents along a product's life cycle. The
[nternational Organisation for Standardisation (ISO) has developed a guideline for
conducting LCA in the 14040 - 14043 scries. The LCA method involves collecting data on
raw materials used. energy consumption and wastes to air, water and land. Data is collected
for every stage of the life cycle of a product, from mining or cultivation of the raw
materials through to processing, transport, consumption and disposal. Based on a relevant
functional unit for the system under study, this data is then aggregated and modelled into a
life cycle inventory, which in tumn is classified and characterized 1o determine the
cnvironmental impacts of the system. The method is alss called cradle-to-grave

environmental assessment,

This study aims to introduce the coneept of LCA to the cocoa industry in Ghana and
specifically perform an LCA on chocolate production mcluding the stapes of cocoa
production, transportation of cocoa beans, industrial cocoa processing and chocolate
manufacturing. The CML 2001 and Eco-indicator 1999 methods included in the LCA
software GaBi have been used for the impact calculations. The funcrional unit, to which all
masses and emissions in this assessment have been adjusted, is the production of | kg of

chocolate in Ghana,
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The -impncls related to the cocoa production stage were found to be mainly caused by the

—_———production and use of fertilizers and pesticides. The impacts for the transportation stage
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resulted from combustion of diesel and at the processing industry boilers and roasters were
found to be the significant contributors to the environmental impacts. The results clearly
showed that freshwater aquatic ecotoxicity, followed by energy resources consumption,
human toxieity and global warming are the most significant environmental impacts
associated with the chocolate production chain in Ghana. Fertilizers and pesticides as inputs
to the cocoa production stage were the main cause of the freshwater aguatic ecot oxicity and
human toxicity impacts, while diesel consumption at the cocoa processing stage contributed
the most to global warming and resource energy consumption. It is also evident from the
results that chocolate manufacturing and transportation are the most environmentally

friendly stages of the life cycle stages studied,

The study recommends that improvement activities along the chocolate production chain
should be focussed on fertilizers and pesticides at the cocoa production stage and
consumption of diesel in boilers and roasters at the cocoa processing stage. The general
limitations regarding the application of the LCA tool in developing countries like Ghana

are also discussed.,
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CHAPTER 1

INTRODUCTION

Cacoa was first imported into Ghana and planted in the year 1879. The country became the
leading producer of cocoa in the world in the 1920721 season and maintained that position
tll the 1977/78 season. Cwrrently Ghana, producing over 700,000 tons of cocoa beans
annually, is ranked second in the world, coming after her western neighbour Céte d*Ivoire,
which produces more than twice as much as Ghana. Tn terms of quality however, Ghana is
recognised as the world leader in premium quality cocoa beans production. In spite of all
the significant gains madc by other sectors of the Ghanalan ECONCIMY 111 recent times, cocoa
continues o occupy a key position in the country’s economy as tar as foreign exchange
generation and domestic income sources are concerned. In 2004, 36.7% of Ghana’s GDP
and 60% of total employment were derived from agriculture. The Cocoa Industry is the
single largest contributor to agricultural GDP (4.5%), The industry also employs about 60%
of the national agriculiural labour force (Appiah, 2004, Aryeetey and Kanbur 2005). For
these farmers, cocoa coniributes about 70-100% of their annual household incomes
(COCOBOD, 1998). Improving the livelihood of farmers is a crucial aspect of the plan for
reducing poverty in Ghana. It has therefore been the avowed aim of gavernment, which is
committed to reaping the maximum benefit from the cocoa sector, to ensure thal the
country increases its cocoa production. The government also plans to process more of the
beans into downstream products for both the local and export markets, rather than exporting

the raw beans (Awua, 2002),

"
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In pursuance of this, the government in year 2001 initiated a national Cocoa Discase and

__Pest Control (CODAPEC) Project, commonly known as the Mass Spraying Program, to



help address the two major causes of decline in cocoa production, namely pests and
diseases. By this programme, cocoa farms across the country are spraved with pesticides at
no cost 1o the farmers. This exercise resulted in tremendous increases in cocoa production
from 340,562 metric tonnes in 2001/02 to 496,846 metric tonnes in 2002/03 and 736,000
metric tonnes in the 2003/04 season. The percentage of locally processed beans has also
Jumped from 20% to about 35% with further re-capitalization and CXpansion programs

underway to reach a target of 50% in the near future (Appiah, 2004 and ICCO, 2004},

With the growing awareness and concern about issues of natural resource depletion and
environmental degradation, the impact of products and processes on the environment has
become a key issue. The impacts of food production have attracted mncreasing interest
because of the scale and relevance of food production. Not only the content and quality of
foods are important to consumers these days. but also the environmental impacts of
farming, processing and fransporting to the market are also becoming important issues
(Ellingsen and Aanondsen, 2006). With a nationwide use of agrochemicals (through the
CODAPEC programme) at cocoa farms, transportation trucks emitting gaseous pollutants,
and wastes and emissions from the processing factories, the cocoa industry has hath
environmental responsibilities to live up to and money to save by making the right
technological investments and incorporating the right environmental management strategics
along the production chain. To remain competitive in this emerging environmentally
sensitive global market, it 1s essential to introspect, substantiate and defend the cocoa
industry’s position with a scientific scrutiny on the environmental performance of the
pmducﬂ::_ﬁi;;ﬂﬂ supply _chass—Tife Cycle Assessment (LCA) 15 onme of the most
internationally accepted environmental management tools that can be used to generate the

needed environmental information on the cocoa industry. 1.CA traces both direct and
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indirect impacts associated with a produet throughout the entire life cycle from cradle 1o
grave. This helps to get a holistic overview of the environmental burdens associated with a
product or process. Many companies across the world have now tummed to a life-cycle
approach in an attempt to assess the full environmental impacts of their products (Ellingsen

and Aanondsen, 2006).

When performing an LCA not only processes directly related to the products are assessed.
Each input will have a prior history of environmental impacts, which must be included in
the assessment. This makes LCAs very heavy in data and calls for a structured procedure.
The International Organization for Standardization (ISO) has produced a guideline for
conducting LCAs in the ISO 14040 — 14043 series. To deal with numerous data inputs and
outputs from a produet life cycle, all of which have their own life cycles that must be
included in the assessment, existing databases must be taken to use. A number of LCA
softwares including databases with life eycle inventories (LCls) and impacts are available

on the market,

This project aims to apply the LCA tool to the cocoa industry in Ghana and specifically
performs LCA on chocolate. About 90% of the cocoa produced in the world is used in the

manufacture of chocolate (ICCO, 2004), thus establishing the relevance of this project.



CHAPTER 2

LITERATURE REVIEW ON ENVIRONMENTAL LIFE CYCLE ASSESSMENT

2.1 The Concept of Sustainable Development and Environmental Initiatives

The principal components of sustainable development emerged at the United Nations
Conference on the Human Environment, Stockholm, 1972. The themes of the conference
were:

= interdependence of human beings and the natural environment:

» links between economic and social development and environmental protection:

« need for a global vision and common principles.

In developing these themes, the World Commission on Envircnment and Development
(Brundtland Commission), 1987. defined sustainable development simply as: “development
that meets the needs of the present generation without compromising the ability of future
generations to meet their own needs™ In more detail, sustainable development is a process
of change in which the exploitation of resources, the direction of mvestments, the
orientation of technological development, and institutional change are all in harmony and
enhance both current and future potential to meet human needs and aspirations (WCED,
1987). Ways of fulfilling needs are considered sustainable when they comply with three
basic requircments (Mild, 2003):

* lechnically feasible and economically viable

= socially acceptable, and

» cnvironmentally frendly,

Sweral_t;ﬁ;:epﬁ and tools-fer—atiiieving a more sustamable future have been developed.
They are developed within separate disciplines and for somewhat different purposes.

e . ]
Concepts are usually ideas on how to reach sustainability. Design for the Environment,

4



Industrial Ecology, Dematerialization, Life Cycle Thinking and Eco-Efficiency are
examples of concepts. Tools, on the other hand, are often supporting a concept and
presenting a more systematic way of measuring environmental burden, indicating progress
towards sustanability. Examples of environmental assessment tools include Environmental
Impact Assessment, Strategic Environmental Assessment, Life Cycle Assessment, Cost-
Benefit Analysis, Risk Assessment, ete. (OECD, 1995). Many of these tools are still under

development and therefore do not have standardized methodologies.

2.2 The Life Cycle Assessment Tool

Life Cycle Assessment (LCA) is one of a number of tools available to support
environmental decision-making in industrial seftings. LCA addresses the environmental
aspects and potential environmental impacts (e.g. use of resources and the environmental
consequences of releases) throughout a produet's life cycle from raw material acquisition
through production, use. end-of-life treatment, recycling and final disposal (i.e. cradle-to-
grave) (ISO 14040, 1997). LCA has been recognized not only as an analytical
environmental management tool, but also as a concept. This concept helps in understanding
the overall environmental implications of the services required by society. Life Cycle
Thinking reflects the acceptance that key societal factors cannot strictly limit their
responsibilities 1o those phases of a life cycle in which they are directly mvolved. It
expands the scope of their responsibility from the cradle to the giave of the product, process
or activity (Mufoz, 2006). Fundamentally, LCA is a material and energy balance applied to
the product’s system, combined wilh_an assessment of the environmental impacts related to

i — _,.-.r--._-__-_'_ » -
the mputs and outputs to and from the product system. The main strength of LCA is its
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comprehensive character that helps to avoid problem shifting, Three common types of
problem shifting can be identified (UNEP, 1996) as:

(1) shifting from one stage of the life cycle to the other, e.g. substituting a hazardous raw
material by a less hazardous one, which may however produce more wastes during its
production

{ii) shifting from one problem to another (such as replacing a gaseous emission problem by
the mtroduction of gas serubbers producing solid waste or liguid effluent) and

(ui) shifting from one location to another.

2.2.1 Definition of LCA

The first international consensus on the definition of LCA was reached at the beginning of
the 1990s by the Society of Environmental Toxicology and Chemistry (SETAC). which
considers LCA as

“'an objective process to evaluate the environmental burdens associated with a product,
process or activity by identifying and quantifying energy and materials used and wastes
released to the environment; to assess the impact of those energy and material uses and
releases to the environment; and to identify and evaluate oppertunities to effect
environmental improvements. The assessment includes the entire life cycle of & product,
process or activity, encompassing extracting and processing raw materials: manufacturing,
transportation and distribution; use, re-use, maintenance; recycling, and disposal” (Consoli

et al, 1993),

=t

t — T i :
I'he Intemational Organization for Standardization (ISO) has also provided very relevant

__input to the process of defining LCA. According to ISO 14040 (1997), LCA is



“a compilation and evaluation of the inputs, outputs and the polential environmental
impacts of a product system throughout its life cycle. A product system is a collection of
materially or energetically connected unit processes, which performs one or more defined
functions”.

As can be seen, both definitions are quite similar, mghlighting the need of taking into
account, in the analysis, the entire product chain and the potential consequences on the

environment, based on the compilation of a mass and energy balance of the product system.

2.2.2 Historical Development of LCA

The origin of LCA has been traced to the energy crises of the late 1960s and carly 1970s,
which forced industries to look for energy efficient solutions for their products.  Several
authors consider the (unpublished) smudy carried out in 1969 by the Midwest Research
Institute for the Coca-Cola Company to be the first LCA study. The aim of this project was
to compare and determine which container had the lowest release to the environment and
the lowest consumption of material resources (Weidema, 1997). Instead of the term LCA,
this study and subscquent ones were called Resource and Environmental Profile Analysis
(REPA). During this initial period, studies were simple and generally restricted to
calculating energy requirements and solid waste. During the 1970s, extensive Energy
studies based on Life Cycle Tnventories (LCI) were performed for a range of industrial
systems. By the end of the 1980s, numerous studies using LCA had been performed,
mainly by private companies in Sweden, Switzerland and the USA (Udo de Haes, 1993),
However, these studies were performed usimg different methods and without a common
meoretiarﬁ@wark. This resulted in the situation where different studies for the same

__product gave different and somelimes conflicting conclusions because of different
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methodological choices (Weidema, 1997). Many initiatives were taken 1o harmonize [CA
methodology. These efforts resulted in methodological guidelines. most of which were
vahid for a specific geographical area, a particular category of products, or a particular
application of LCA (Russell, Ekvall and Baumann, 2005). Some of these initiatives
miclude: the Product Ecology Project in Sweden, which developed the FEnvironmental
Priority System (EPS) method, the United States Environmental Protection Agency
(USEPA) life cycle design project, the Nordic Environmental Sound Product Development
(NEP) project in Norway and Sweden, and the Environmental Desipn of Industrial Products
(FDIP) project in Denmark (Weidema, 1997). The various guidelines include different and
often conflicting recommendations. An effort te reach consensus on a broad, international
level was initiated within the Society of Envirenmental Toxicology and Chemistry
(SETAC) in 1990. In 1993, this organization published a “Code of Practice” which
presented general principles and a framework for the conduct, review, presentation and use

of LCA findings. (Russell, Ekvall and Baumann, 2005).

Today the “Code of Practice” has been replaced with an international set of standards
developed by the ISO in the peried 1997 to 2000 (ISO 14040-43), These standards provide
an internationally agreed method of conducting LCA, but leave significant degrees of
flexibility in methodology to customize any individual preject 1o the desired application

and outcomes.

More recenily, a jomnt initiative by the United Nations Enviromment Program (UNEP) and
SETAC _ﬁas -been launched—eatted Life-Cycle Initiative (UNEP/SETAC Life-Cycle

Initiative 2002). Mainly, the Life Cycle Initiative is aimed at facilitating access to inventory

_.—-'-_._._ . i - = . 3
data and providing impact assessment procedures that are adapted to practitioner’s needs.
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The idea is to facilitate a global application of the tool, both in rich and poor countries, and

i big companies and Small and Medium Sized Enterprises (SMEs).

2.2.3 The ISO LCA Methodology

IS0 has four main standards for LCA. These are: ISO 14040: Principles and Framework:
ISO 14041: Geal and Scope Definition and Inventory Analysis; 1SO 14042 Life Cycle
Impact Assessment; and ISO 14043: Life Cycle Interpretation.

These standards are broken down into four main phases as presented in figure 2.1.

r"—"_“\(/"___‘\

Gionl and scope  re—
definition =
\ J
i
-
=~ —
Inventory g
analysis "
L% F,
1 T Interpretation
=
limpact _"‘__
Assessmicnt S /

Figure 2.1 Components of a Life Cycle Assessment (150 14040)

Whereas [SO 14040 provides the general framework of LCA, ISO 14041 provides
guidance for determining the goal and scope of an LCA study, and for conducting a life
cycle inventory. [SO 14042 is about the hfe cycle impact assessment phase, and 1SO 14043
provides guidance for the interpretation of results from an LCA study. In brief, the goal and
scope definition states the intended objectives of the study, and define the system under
study: its_function, the system’s boundaries, data requirements, etc. In the life eycle

invcnlm_}f (LCT) analysis, those substances crossing the system's boundaries that may be

_kelevant from an environmental point of view are identified and quantified. It is the data



collection phase of the LCA study. The environmental si gnificance of the inventory data is
assessed i the life cycle impact assessment (LCIA) phase. The interpretation is the final
phase of the LCA, in which the results of LCI and LCIA are discussed in the light of the
goals set in the beginning of the study. A more detailed description of each phase according
to the ISO 14040- series is presented in Appendix A. It must be noted that the phases are
not simply followed in a single sequence. The making of LCA is an iterative process, with

considerable feedback between the phases, as illustrated in figure 2.1.

2.2.4 Applications of LCA

Typically, LCA 18 used to evaluate the environmmental implications of materials and

products, although services have also been studied using this tool. According to the ISO

14040 (1997), LCA can assist in:

* identifying opportunities to improve the environmental aspects of products at various
points in their life cycle;

* decision making n industry, govemmental or non-govemmental organizations (e.g..
strategic planning, priority setting, product or process design or redesign);

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

= marketing (e.g. an environmental claim, eco-labelling scheme or environmental

product declaration).

2.2.5 Liﬁﬁtntinns and Comeron Problems of LCA

Besides the unique advantages of LCA, there are shortcomings and limitations which have

_-_-_._.-_ "
to be understood and considered when applying it. According to Guinée e al (2001), the

10



core charactenstic of LCA, its holistic nature, in addition of its main strength 15 also its

main limitation, since the broad scope of analyzing the entire life cycle of products and

processes can only be achieved at the expense of simplifying other aspects. Particular

limitations of LCA can be summarized as follows:

!:-..I‘

4.

LCA addresses potential rather than actual impacts. This is due to the fact that in LC A,
impacts are not specified in space and time. The ISO 14042 standard, dealing with Life
Cycle Impact Assessment, specially cautions that LCA does not predict actual impacts
or assess safety, risks, or whether thresholds are exceeded. The actual environmental
effects of emissions will depend on when, where and how they are released mto the
environment. Concerning spatial differentiation, it is possible to identify the regions
where certain emissions take place, and take into account the different environmental
sensitivities of these regions. However, LCA does not provide the framework for a
complete risk assessment, in which the actual impacts associated with the operation of a
facility in a specific place can be predicted. The same can be applied for the time
aspect, since LCA is typically a steady- state, rather than a dynamic approach.

The LCA model focuses on physical characteristics of industrial activities and other
economic processes. Market mechanisms or other secondary effects on technological
development are not included.

LCA generally regards all processes as linear, both in the economy and the
environment. Doubling the production of a matenial is assumed 1o have double impact,
and the same applies for doubling the release of a pollutant to the environment.
Although some progress is being made in reducing this limitation, LCA at its core is

has_tigil-]. linear modeling ———

LCA focuses on environmental issues associated with products and processes,

excluding economic and social consequences. Where economic aspects are concerned,



Life Cycle Costing (LCC) can be expected to become a standard addition to LCA
applications. However, the inclusion of social issues into LCA or the intepration of
LCA with tools for social assessment is still in its infancy,

3. Finally, availability of data is another limitation, Databuses are being developed in
various countries, but in practice, data are frequently obsolete, incomparable, or of

unknown quality.

Clearly no single tool can provide answers to all the questions posed by environmental
issues. The limitations of LCA highlight the fact that in order to fill these gaps. other

analytical tools must be added to given decision situations.
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CHAPTER 3
COCOA PRODUCTION, COCOA PROCESSING AND CHOCOLATE

MANUFACTURING IN GHANA,

3.1 Production of Cocoa Beans in Ghana

3.1.1 Cultivation

The cultivation of cocoa in Ghana is in the hands of awvery large number of Ghanaian
peasant farmers, each with an average farm holding of abont three hectares. There are very
few large-scale plantations (Pabi and Owusu, 1998), The farmers usually clear the
undergrowth of the forest floor, followed by the elimination of certain species of trees that
are harmful to cocoa. The cut materials are burnt to clear the land for planting. Cocoa is
then planted and cultivated under the shade of the rémaining frees in association with
plantains, banana and other fruit trees. Most cocoa is raised from seed, which is easier and
cheaper than vegelative propagatioi. During the unproductive years after planting, it is
necessary 1o create excellent preconditions for the development of the young cocoa plants
through adequate shade, careful weeding and prumng, soil cultivation as well as plant
nutrition. Annually returning activities in mature plants include fertilization, pest and
diseasc control, pruning, shade management and harvesting. Planting material is more
varied. The national averages for the distribution of the four types of cocoa commercially
grown in the country, according to a 1995 survey, are as follows: Amelonado, 42%:

Amazon, 36%; hybrids developed by the Cocoa Research Institute of Ghana, Akokorabedi,

19%; and mixed cocoa, 3% (Fekeama 2005).
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3.1.2 Fertilization

The overall goal of fertilizing is to increase the field’s productivity. Mineral fertilizers are
usually used. The most commonly used fertilizer in cocoa production currently in Ghana 1s
the special, pre-mix fertilizer called “Asaase wura” with the composition N: P K (0 22 ;

18) + 9Ca0 + 7S + 6MgO,,,.

3.1.3 Pruning and Weeding

Pruning aims at getting the trees into such a shape as 10 maximize production, to ease
harvesting and maintenance, and to achieve the best control of pests and diseases, This is
normally done by using cutlass. Slashing with cutlass is the method of weeding in
Ghanaian cocoa farms. The cut material is left to form mulch. Control of weeds by
herbicides is not common. Shading by mature cocoa and shade trees reduces weed growth

in established areas.

3.1.4  Pests and Diseases management

Pests and diseases constitute the most serious constraint for cocoa. These pests and diseases
thrive in the warm, humid climate in which cocoa is grown (Inge de Groot, 2001). The

important insect pest affecting cocoa trees in Ghana is the mirid or capsid (“akate”).

There are two key cocoa diseases in Ghana that are caused by fungi, namely the black pod
and the cocoa swollen shoot discases. Successful pest and disease management relies on
careful -application of seleetive msecticides and fungicides that are recommended by the

Cocoa Research Institute of Ghana (CRIG). The main pesticides and fungicides used are
_ T
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Confidor 200SL (Imidacloprid), Akate master (Bifenthrin), Carbamult (Pirimicarb),
Champion (77% Cupric hydroxide), Ridomil 72' (12% metalaxyl, 60% copper-1- oxide)

and Nordox 75 (86% Cu,0, 14% inert) (Ghana Cocoa Farmers Newspaper, 2006).

J.1.5 Harvesting

Cocoa pods are harvested when fully ripe, which is visible from the orange or yellow shell
colour. The pods are cut off the tree with cutlasses without damaging the cushion, on which
turther fruits will form. Once harvested, baskets of coecoa are carried to a central point
where the pods are opened with a blunt machete or wooden club to remove the beans for

fermentation, The husk is a waste product.

3.1.6 Fermentation

The beans are fermented as soon as they are removed from the pod. The beans are usually

heaped on to and covered by banana leaves to permit liquid to drain out and to let air

circulate freely around the beans. Fermentation usually takes 6 to & days. Fermentation has

four ohjectives:

* toremove the mucilage attached to the beans

* 1o kill the embryo so that the beans cannot germinate

* 10 encourage chemical changes within the bean which produce the substances
responsible for the chocolate aroma, and

* toreduce the moisture content of the beans

— ..-F""'"_F--_-d_
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3.1.7 Drying

Fermented beans are dried to prevent deterioration. This is mainly done by spreading them
out in the sun on raised mats. The beans need to be covered overmight and in rain. Sun
drying takes at least a week. stirring of the beans is needed to ensure umiform drying.
Defective and germinated beans and foreign matter are picked oul from the beans during

the drying period. The dried beans have a moisture content of 6 to 7%.

3.1.8 Storage

Dried cocoa beans are bagged in clean jute sacks, The local buying companies then

purchase the cocoa and store them in warchouses, The stored cocoa is fumigated when

found to be infested by insects.

3.1.9 Transportation

Haulage is by road or rail. The rail haulage is only 5-10% by volume. Heavy trucks are
used to convey the 90-95% to the harbour for export or to the cocoa Processing company

(COPAL Report, 2004).

3.2 Industrial Processing of Cocoa in Ghana

Cocoa processing covers converting the beans into intermediate products namely: cocoa
liquor, burter. €ake and powder. The main processes involved in cocoa processing in Ghana

e _,,_..-"""'_-d_
are described by Awua (2002) as follows:
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3.2.1 Bean Cleaning

After dned cocoa beans have been received at the processing plant, they are inspected and
thoroughly cleaned of all extrancous matter. such as sticks, stones, metal fragments, dust,
loose shells, small fragments and clumps of cocoa beans. The cleaning process consists of
series of operations. which by means of screens of varying apertures, brushes, airlifis and

magnetic separators remove the unwanted materials.

3.2.2 Roasting

The cocoa beans are roasted to develop the chocolate flavour. The energy 1s supplied by gas
oil or electricity. During roasting, the beans loose moisture. the shell is loosened and the

nib (cotyledon) becomes friable and generally darker in colour.

3.2.3 Breaking and Winnowing

The main objective of this process is to separate the nib, which is the valuable part, from
the shell, which has a minimal value. The shells which have been loosened by roasting are
lightly crushed with the aim of preserving large pieces of nib and avoiding the creation of

smaller particles and dust. This process is referred to as breaking.

The mixture of broken shell pieces and nibs 1s then winnowed. Winnowing machines use a
multi-layer sieve frame with meshes of different sizes, one above the other, with the largest

mesh at the top and the smallest at the bottom. The shell pieces are removed by pneumatic

.-"-F-FF

suction at-the overflow of eactrsieve, with remaining nib pieces being directed to chutes at

the side of the machine.
s .
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3.2.4 Nib Grinding and Cocoa Butter Extraction

The roasted and crushed beans are ground into a paste known as cocoa liquor or cocoa
masse. The gnnding process is achieved in two or three stages, using a combination of
mills. The cocoa liquor obtained is heat-treated in storage tanks al temperatures of about
90-100 °C for aging and microbial destruction. Part of the treated cocoa liquor is subjected

to hydraulic pressing to extract cocoa butter.

3.2.5 Cake Grinding

The cocoa cake released after pressing is passed through kibbling machines, which break

them into smaller pieces. These are then packed and sold as kibbled cake.

33  Chocolate Manufacturing in Ghana
Chocolate manufacturing covers the blending and refining of cocoa hquor, cocoa butter and
other ingredients such as milk and sugar. The main processes involved in chocolate

manufacturing are described by Awua (2002) as follows:

3.3.1 Kneading

Cocoa liquor is mixed with the other ingredients of chocolate, viz, butter, sugar, milk and
emulsifiers. The ingredients are dispensed by automatic methods controlled by computers

which deliver the exact quantities according to a given formula.

18




3.3.2 Conching and Refining

After mixing, the blend is put into large agitators called conches to stir with simultaneous
heating to remove any residual moisture and to enhance its viscosity. The liquid chocolate
obtained may be used by the confectionery, dairy and baking industry or converted into

bars for retailing.

33.3 Tempering and Moulding

Tempering is the art of transforming liquid or semi-liquid chocolac into a solid.
The chocolate is heated to a specific temperature until the cocoa butter crystals have melted
completely. This 1s followed by cooling at a carefully selected temperature, It is then
poured and moulded into different shapes, depending on the types of moulds used. It is

finally wrapped, labelled, and packed into cartons ready for distribution.
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CHAPTER 4

METHODOLOGY

This study was conducted in accordance with international 1SO procedural framework for
performing LCA in the ISO 14040-14043 series. Data storage and analysis were performed
using the GaBi 4 LCA analysis software, The method used for the impact assessment is the
CML 2001 method, developed by the Centre for Environmental Science, University of
Leiden, Sweden. According to the 1SO._standards, LCA study has four main phases.
namely, goal and scope definition, life cycle mventory analysis, life cycle impact
assessment and interpretation of results. These phases are described in more detail in

appendix A.

4.1  Goal and Scope of the Study

The goal of the study requires that the reasons for carrying out the study, 1its intended
audience and intended applications are defined, The scope on the other hand describes the

system being studied.

4.1.1. Defining the Goal of the Study

The goal of the study is to generate LCA type of environmental information on the
production of chocolate in Ghana, to identify the improvement potentials for the production
chain and to compare the environmental burden of the major stages of production. Thus this
study ail‘rw_T.c;: | e—

1. present stakeholders of Ghanaian cocoa industry with the life cycle environmental

_—-——'_-_-_ I
consequences of the industry’s production processes, and
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2. highlight areas for improvement of the environmental performance of selected

activities,

The specific objectives of the study are:
I, to conduet life cycle assessment of chocolate, the main cocoa product.

Z. to compare the environmental burdens associated with each major stage of

chocolate’s preduction chain, and

3. 1o make suggestions towards improvement of the environmental performance of

chocolate production based on the results abtained,

The mtended audience or the target group for this study is made up of all stakeholders of
the Ghanaian cocoa industry, namely: COCOBOB, cocoa farmers, cocoa processors and
cocoa researchers. Environmental authorities and environmental planners as well as LCA

practitioners elsewhere may also find the results and methodology of the study useful.

4.1.2  Defining the Scope of the Study
According to (15O 14040, 1997), the scope includes items such as the system boundary, the

functional unit, allocation procedures, data quality requirements, ete.

4.1.2.1 The System Boundary
The system boundary specifies which of the life cycle stages and/or processes contributing
towards a system will be included within an LCA study. Taking into consideration the

interests of stakeholders, m; studied was sub-divided into four life cycle stages

~__(sub-systems) as follows:
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- Cocoa production stage (including pesticides and ferilizer production, cocoa

cultivation, pnmary processing on the farm and tempaorary storage of beans),
Transportation stage (transport of beans 10 the processing factory),

Cocoa processing stage (including cleaning, roasting, breaking and winnowing, and
grnding of cocoa beans at the factory), and

Chocolate manufacturing stage (including mixing of ingredients, conching and refining.

tempering and moulding, and packaging).

The following aspects were excluded from the study due to lack of relevant data;

Product distribution and consumption phases of the product’s life cycle. Thus the study
can be described as cradle-to-gate as it ends at the factory gate (Khan et al, 2004).

Life cycle tracing of all packaging materials and additives that are used in chocolate
manufacturing, including transportation of additives.

Machinery and equipment used in the production and processing of cocoa are also

excluded from the system.

A flowchart displaying the inputs to and outputs from the various life cycle stages within

the life cycle of chocolate is presented in figure 4.1.
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4.1.2.2 The Functional Unit
For this study, the functional unit chosen is 1 kg of chocolate, All the inputs and outputs in

the Life Cycle Inventory (LCI) and impact scores produced in the Impact Assessment phase

of this LCA study were cxpressed with reference to the functional umt.

4.1.2.3 Data Quality Requirements
Descriptions of data quality are important to understand the reliabi lity of the study results

and properly interpret the outcome ‘of the study (ISO 14041, 1998). The following data

requirements and priority were established.

« Data obtained through direct on-site measurements were preferable.
* Mass and energy balances were emploved where no dircct measurements exist.
» Caleulations based on technical literature were used only if direct data could not be

obtained.

4.1.2.4 Allocation

Allocation is the process of splitting the environmental burdens (inputs and outputs) for a
process, which besides the main product also has one or more co-products of economic
value in accordance with [SO 14041 (1998). In addition to the cocoa beans itself, cocoa
production also generates two more -:n-produ.cts: bean sweatings, which are used for wine
and jam making, and cocoa pod husk which are used in soap-making. However all
environmental burdens at this stage were attributed to cocoa beans, as the use of these co-
products 18 not yet commercially viable. Thus the cocoa pod husk and bean sweatings were
cnns:derad—a;’ waste. At ﬂre"ﬁ_rEEe_s_sEFg stage, 90% of the environmental burdens were

attributed to cocoa liguor and cocoa butter and 10% to cocoa cake and shells which are now
_--'-_._-_ =
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used to manufacture fertilizers, The allocation was based on the economic values of the

products,

4.2  Life Cycle Inventory Analysis (LCI)

This is the second phase of the LCA methodology and it involves identifying and
quantifying the mputs to and outputs from each process in the life cycle. The inventory

analysis consists of two major steps namely, data collection and data processing.

4.2.1 Data Collection

Data on energy and raw materials consumed, emissions to air. water and soil, and solid

waste produced were collected for each of the life cycle stages studied,

4.2.1.1 Collection of Data for Cocoa Production Stage of the Product’s Life Cycle

The cocoa production stage of the life cycle covers the production of farm nputs and
aclivities undertaken in mature cocoa farms such as fertilizer application, pests and discases
control, harvesting and splitting of pods, fermentation, drying and temporary storage of
dried beans. Data on these processes were obtained through site visits to farms and
interviews conducted with cocoa farmers and researchers at the Cocoa Research Institute of
Ghana (CRIG). Background data on production of fertilizers and pesticides were included
using the Swiss eco-invent database. Enussions due to fertilizer and pesticide usage were

quantified using estimation methods (Hauschild, 2000 and Heathwaite, 2000).

T e

Average cocoa yield per hectare varies in relation to the variety of crop and characteristics

~of the land on which it is planted, together with other ecological factors, as well as 1o the

25



age of the cocoa plants. The approximate yield ranges from 350 to 3000 kg dry beans per
hectare. In consultation with experts from COCOBOD, a vield of 850 kg/hectare/year was

assumed for this study. Thirty (30) years was assumed as the cconomic lifetime of the

cocoa plant for ealeulating the annual land oce upation.

4.2.1.1 Collection of Data for Transportation of Beans to Processing Factory

Dried cocoa beans are transported by truck from the farming areas 1o the processing
factory. Inventory data for transportation was calculated based on average distance of 250
km travelled by diesel engine trucks in Ghana. The fruck chosen was 38 ton total capacity
(and 26 ton payload) long distance truck-trailer. (This 1s the average truck capacity of some
cocod haulage trucks inspected). Data on fuel consumption and emissions for the
transportation was taken from the GaBi 4 LCA database. Thus it was assumed that the

trucks used in Ghana are similar in condition to those used in Eurape,

4.2.1.3 Collection of Data for Cocoa Processing and Chocolate Manufacturing

The Cocoa Processing Company (CPC), Tema, owned by the COCOBOD, which is
considered to be state of the art, was selected for a detailed study and data gathering on
cocoa processing and chocolate manufacturing, Background data on the production of the
energy (electricity from hydropower and diesel) consumed by the plant, were adapted from

the eco-invent database and the GaBi 4 T.CA darabase respectively.

4.2.2 Data Processing

In this step, the raw data collected were converted to values that relate to the functional unit

(et kg of chocolate). This involved simple conversion calculations.

26



4.2.3 Sample calculation

The amount of fertilizer applied on a land = 200 kg/ha/yr. Also a hectare of land yields 850
kiz of cocoa beans per year and | kg of chocolate requires 0.8687 kg cocoa beans.
The amount of fertilizer required for the production of 1kg chocalate

_ D.8687 kg cocoa = 200 kg fertilizer
850 kg cocoa

= 0.2044 kg fertilzer/functional unit

The data per functional unit for each life cycle stage (as presented in Appendix B) were
then entered into the GaBi 4 LCA tool as individual process data. The various processes
were linked together in the GaBi object “plan™ to form a flowchart. Mass was used as
reference flow from one process to the other. The GaRi object “plan” is shown in figure
4.2. All the inputs and outputs data in the various unit processes were then aggregated to
result in an inventory table, which is a Hst containing the quantities of pollutants released to
the environment and the amount of energy and material resources consumed. The inventory
table is presented in Appendix C, The sources of inputs and outputs data for the various

unit processes identified in figure 4.2 are shown in table 4.1,

= e———
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Table 4.1 Data Sources for Unit Processes

Data - | Source

Fertilizer production Ecu-invent database
Pesticides production Fco-invent database

Petrol (fuel) production Eco-invent database
Diesel (fuel) production Eco-invent database
Cocoa cultivation Collected data from Ghana
Steam production Collected data from Ghana
Water processing Eco-invent database
Translmrtatinu (aB1 4 database

Cocoa processing Collected data [rom Ghana
Electricity production (hydro-electric) | GaBi 4 database
Chocolate production Collected data from Ghana

43 Life Cycle Impact Assessment (LCIA)

In the impact assessment step, the potential human health and environimental impacts and
resources consumption associated with the inventory data were determined and analysed.
For this phase, only the steps considered mandatory by the ISO 14042 standard (2000) were
carried out, These steps are selection of impact categories and category definition,

classification, and characterizatior.

4.3.1 Selection of Impact Categories and Category Definition
The impact categories are selected in order to deseribe the environmental impacts caused
by the system under study, A default list of impact categorics has been elaborated,

distinguishing between ‘iﬁﬁﬁfimmt categories. *study-specific’ impac? categories and

‘other’ impact categories (Guinée et al, 2001). In this study only baseline impact categories
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were sclecied, as their charactenization models are well established and included in the
software used. These impact calegories are resource energy use, abwolic resources
depletion, acidification], cutrophication, climate change, photo-oxidant ozone formation,
ozone layer depletion, impacts of tonising radiations, human toxicity, freshwater aquatic
ecoloxicity and terrestrial ecotoxicity  polential. Study-specific impact  categories
(categories that may merit inclusion depending on the object being studied), such as loss of
biodiversity resulting from the destruction or alteration of land, and land occupation in the
sense of land being temporarily unavailable} were not included as their charactenzation
models are not included in the software used. Description of the impact categories

considered and their characterisation models are presented in Appendix D.

4.3.2 Classification

In the classification step the resources consumed and environmental emissions identified in
the inventory table were grouped or classified into environmental impact categories or
indicators selected above. For example CO, and CH, emissions were classified nto the

environmental impact category of global warmin 8

4.3.3 Characterization

In the characterization step, the environmental emissions within cach impact category were

expressed in terms of a reference unit. This was done by multiplying the amounts of the

cmissions by their concomitant charactenzation factors and aggregating the results of these

multiplications for each impact category. The resulting figure for one particular impact
e S

category 1s referred 1o as a category indicator result, and the complete set of category

_indicater results is referred to as the environmental profile of the system studied. The
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equivalency factor for an emission is a value that expre

of the emission can contribute

reference substance. Sample classification and characterization calculation is shown in

to the impact category compared with a mass unit of the

figure 4.3. These steps were carried out using the GaBi LCA software,

The characterization factors used by CML method

environmental impact categories as used in this study are presented in Appendix E. The

characterization results (the overall environmental impact profile) and their analyses are

presented in chapter 5.
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4.4 Life Cyele Interpretation

The last stage i conducting an LCA according to ISO 14040 (1997) is the interpretation
stage. The objectives of life cycle interpretation are to analyze results, reach conclusions.
explain limitations and provide recommendations based on the findings of the preceding
phases of the LCA or LCI study and to report the results of the life cycle interpretation in a
transparent manner. For this thesis the interpretation stage is presented in chapters 5 and 6

as the results and discussion, and conclusion and recommendation respectively.
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CHAPTER 5

RESULTS AND DISCUSSION OF RESULTS

Several life eycle impact assessment methods have been developed for use by LCA
practitioners. The ISO 14042 standard describes procedures and not specific methodologies
or madels for the life-cycle impact assessment phase. Therefore, all the impact assessment
methods and methodologies available in literature are acceptable as long as they meet the
I50 procedural requirements (Friedrich, 2001 ). In this project, the CML 2001 method was
chosen as the main impact assessment method. The results obtained by the CML impact
method were however verified with another widely used impact assessment method.

namely the eco-indicator 1999 method.

5.1 Impact Assessment Results Obtained by Using the CMI, 2001 Method

3.1.1 Characterization results obtained by using the CML 2001 method
The characterization results for the production of 1 kg chocolate in Ghana based on the

CML 2001 method is presented in table 5.1 and illustrated graphically in figure 5.1,

As shown in figure 5.1, the niost significant impacts associated with chocolate production
are [reshwater aquatic eco-toxicity potential (FAETP), human toxicity potential (HTP),

resource energy use (EU) and global warming potential (GWE).
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Table 5.1 Characterization results (overall impact scores) for the production of 1 kg

chocolate in Ghana, obtained by using the CML 2001 method

I

Environmental Impact Ca S.;mp.: Unit
Abiotic Resources Depletion (ADP) 1.7636E-03 kg Sb.
Acidification Potential (AP) 9.7351E-03 kg SO,
Energy use (gross calorific value) (EU) 4.1090E+00 MJ
Eutrophication Potential (EP) 9.1568E-04 kg PO
Freshwater Aquatic Ecotoxicity Potential (FAETP) S5.0797E+00 kg DCB
Global Warming Potential (GWP) 3.5602E-01 kgCOs
Human Toxicity Potential (HTP) 4.4426E+00 kg DCB
Ozone Layer Depletion Potential (ODP) 4.9805E-09 kgRI1
Photochemical Ozone Creation Potential (POCP)  9.3002E-04 kg Ethene
Radioactive Radiation Potential (RRP) 3.7042E-10 DALY
Terrestrial Ecotoxicity Potential (TETP) 6.3796E-03 kg DCB

6.00 B

5.00 ——

400 —— -

3.00 / =

Impact Scores

2.00
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EP FAETP GWP HTP ODP POCP RRP TETP
Environmental Impact Categories

Figure 5.1 Graph of impacTassessment scores for the entire system studied

(production of 1 kg chocolate in Ghana), based on the CML 2001 method
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In order to obtain a clear overview of which

environmental impacts, the results are presented per stage in table

stage (sub-system) contributes the most to the

5.2 and figure 5.2. From

the figure 5.2, the cocoa production stage clearly stands out. The impacts from the cocoa

production stage are mainly caused by the production and use of pesticides and fertilizer,

Table 5.2 Characterization results for sub-systems (life cycle stages), obtained by

using the CML 2001 method

35

Environmental Impact Cocoa Cocon Chocolate Transpor-

Category roduction rocessing  manufacturin tation Linit
Abiotse Resources Deplesion (ADP) JO0ZIZE04 | 1LOT29E-03 3 STROE-4 30642E05 kg Sh
Acidification PoL (AF) 217904~ 71066E403 T I69RE-D3 40700E45 kg S0,
Energy use (gross calonfic value) (ELT) BASMEOL  2A031E+00 B.O160E-01 GREIIE-G2  MI
Eutrophication Pat | ER)y B.ESOTE-04  1.7721E-05 S9112E-06 GYTHIEDG kg PO
Freshwater Aq. Ecotoxicity PuL (FAETP)  5OT90EHD 6 178RE-04 G.48RTE-05 SATUEDS kg DCB
Global Warming Pot (GWE) 45918E-02  2.2677E-01 T.5624E-02 TTOEYE-03 kg OO,
Human Toxicity Pot. (HTE) 4 4269640  1.45606E-02 L.O405E-03 TISTEDS kg DOUB
Oizone Luyer Depletion Pol. (ODF) F9R05SE-D8  QLO0ODEH)D 0. COO0 E-HM DOCOOE+00 kg RI1
Photeehem Oz Creation Pol (POCE) 22297E05 6.7353F04 2.2528E-4 O.8224E-00 kg ethenc
Radisactive Radiation Pot, (RRI") Lo660E-10.  2.8080E-12 9. 3664E-13 ROI92E-14 DALY
Terestrial Ecotoxicity Pot. (TETF) 54306E-03  TS751E-04 L9 40E-04 1.5982E-07 kg XCB
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Figure 5.2 Graph of impact assessment scores for various sub-systems (life cycle
stages) based on the CML 2001 method.

5.1.1.1 Resources Consumption
Impact categories that relate to resources consumption are energy use and abiotic depletion

potential.

Energy use

From figure 5.2, the energy requirements of the cocoa processing subsystem is the highest
(contributing about 58% to the total emergy consumption), followed by chocolate
manufacturing (20%) and cocoa production (18%). The energy consumption by the
transportation sub-system is least as compared with the other sub-sysiems. The cocoa

processing stage uses relatively hight:r_ amounts of diesel, electricity and liquefied natural

888,

e ——
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Abiotic Depletion Potential
For the abiotic depletion category, cocoa processing is the key life cycle stage (61%). The

contributions by the other stages are chocalate manufacturing (20%), cocoa production

(17%) and transportation (

non-renewable resources such as mineral ore and fossil fuels.

5.1.1.2 Environmental Impacts

The environmental impacts can be grouped into global, regional and local effects (USEPA,

2001}).

(a) Global Environmental Impacts

The main global impacts are global warming and ozone layer depletion potentials (USEPA.
2001). The cocoa processing stage of the product’s life cyele makes the largest contribution
to global warming (about 64%) because of its relatively high consumption of fossil fuels.
The cocoa production stage contributes nearly 100% to ozone layer depletion potential. The
impact was found to be caused by some emission of halons and CFCs during the production

of pesticides.

(b) Regional Environmental Impaets

Acidification, eutrophication and photochemical ozone creation potentials are classified as
regional environmental problems. Eutrophication is mainly caused by leakage of nutrients

during fertilization and enﬁsw;ﬂlates and nitrates from the fertilizer production

N

operations (USEPA, 2001), For eutrophication, the cocoa production stage is an obvious

-het=spol (contribution of about 96%). Industrial processing of beans made the largest
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contribution to photochemical ozone creation potential (about 73%) and atmospheric

acidification potential (about 73%). The impacts are mainly caused by emussions from

energy supply and fuel combustion,

(c) Local Environmental Impacts

Local environmental impacts include all toxicity impacts and radioactive radiation effects
(USEPA; 2001). The characterization results show that local toxicity impacts (human
toxicity, freshwater aquatic eco-toxicity and terrestrial eco-toxicity) are relatively high. For
these impacts, the cocoa production (farming) stage isa het-pot. The main contributors are
heavy metals content in phosphorus fertilizers and leakage of pesticides during Spraying as
well as emissions resulting from fertilizers and pesticides manufacturing operations. The
cocoa production stage is also the sole contributor to radicactive radiation effects, The
reason 1s the emission of radon caused by the extraction of coal used in the production of

agrochemicals.

5.1.2  Normalization results obtained by using the CML 2001 method

Normalization, which 18 an optional step, was however performed on the impact scores
(characterization results), Normalization allows for comparison of the impact scores to the
total impact scores contributed in a specified area. The data should have been compared to
a national or an Africa regional reference scale, but for lack of such data, the world was
used as reference. The estimated annual contribution to each impact category
(normalization walies) and normalized impact scores are presented in table 5.5 and figure

et e e

5.5 The nn;n;alized scores were obtained by dividing the impact scores for each impact

_catesary by the normalization values.
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Table 5.3 Normalization results based CML 2001 global normalization values

ﬁnn;r:tng.m“::}]w Impact Normalization Normalized
pas : Score values Impact Scores
Abiotic Resources Depletion (ADP) 1.7636E-03 1.5654E+11 1.1266E-14
Acidification Potential (AP) 8.7351E-03 2.9940E+11 3.2516E-14
Eutrophication Potential (EP) 9.1568E-04 1.2913E+11 T.0910E-15
Freshwater Ag. Ecot. Pot. (FAETP) 5.0797E+00 2.0305E+12 2.5017E-12
Global Warming Potential (GWP) 3.5602E-01 4.4509E+13 71.9989E-15
Human Toxicity Potential (HTP) 4.4426E+H)0 4.9772E+13 8.9259E-14
Ozone Layer Depletion Pot. (ODP) 4.9805E-09 5.1518E+08 9.6676E-18
Photochem. Oz, Creation Pot. (POCP) 9.3002E-04 4.5491E+10 2.0444E-14
Radioactive Radiation Potential (RRP) 3.7042E-10 1.337T4E+HO5 2.7698E-15
Terrestrial Ecotoxicity Potential (TETP)  6.3796E-03 2.6787E+11] 2.3816E-14

3.0000E-12

2.5000E-12

2.0000E-12 —

1.5000E-12 -

Mormalized Scores

1.0000E-12 - =

SUOE-LY ——————

0.0000E+00
ADP AP EP

FAETP GWP

HTP

oDp - POCP

Environmental Impact Categories

REP  TETP

Figure 5.3 Graph of normalization results for production of 1 kg chocolate in
Ghana based on the CML 2001 global normalization values
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Afler normalization, freshwater aguatic ecatoxicity impact (FAETP) still stands out as the

most significant impaet associated with the systems studied, The contribution of the system

studied to the other impacts are however seem not to be significant when compared with

the contribution from all processes across the globe to impact categories,

5.2 Impact Assessment Results Obtained by Using the Eco-indicator 1999 Method

5.2.1 Characterization results obtained by using the Eco-indicator 1999 method

The Eco-indicator 1999 method assesses he impacts on human health, ecosystem quality
and resources. Damages to human health are expressed in Disability Adjusted Life Years
(DALY, using estimates of the number of Years Lived Disabled (YLD) and Years of Life
Lost (YLL). Damages to ecosystem quality are expressed as Potentially Disappeared
Fraction (PDF) (i.e. the percentage of species that have disappeared in a certain area due to
the environmental load). The PDE value is then multiplied by the area size and the time
period necessary for the damage to occur, Damage to resources is expressed as the surplus
cnergy for the future mining of resources. (Goedkoop and Spriensma, 2001), The
characterization results by the Eeo-indicator 1999 method are shown in table 5.3, figures

53 and 5.4,
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Table 5.4 Characterization M{Mhmm]hmmmﬂl kg

ﬂnmhuhﬂhu,uhhhedhyuhgﬂt&o-hdhhrlmmﬂlhnmﬁul
Approach).

Environmental Impact Category 1.:::-;“ Unit
Resources, Fossil fuels (FUELS) 3.9704E01  MI[surplus energy]
Resources, Minerals (MIN) 9.8741E-05  MIJ [surplus energy|
Ecosystem quality, Acidification/Eutrophication
(AC/EU) 1.1518E-02 PDF*m**a
Ecosystem quality, Ecotoxicity (ECOT) 1.5451E-01 PDF*m’*a
Human health, Carcinogenic effects (CE) T.07T81E-08 DALY
Human health, Climate Change (CCH) 7.4619E-08 DALY
Human health, Ozone layer depletion (ODP) 5.2390E-12 DALY
Human health, Radiation (RAD) 3.7040E-10 DALY
Human health, Respiratory (inorganic) (ResIN) 1.3283E-06 DALY
Human health, Respiratory (organic) (ResOR) 5.0046E-10 DALY
0.4500 e ——

0.4000 35 7 ’A
03500 +——— = — e

0.3000 +— i e /— = e
0.2500

0.2000 -

Impact Scores

0.1500

0.1000

0.0500 -

AC/EU  CE CCH ECOT ODP RAD FUELS MIN ResiN ResOR
” Environmental Impact Categories

Figure 5.4 Graph of im pact assessment scores for the entire system studied
(production of 1 kg chocolate in Ghana), based on the Eco-Indicator 1999 method
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Table 5.5 Characterization Results for sub-systems (life cycle stages), obtained by
using the Eco-indicator 1999 method (Hierarchical Approach),

Environmeatal Impact Cocon Cocoa ranspo
. Chocalate T r-
Category production processing manufacturing  tation Unit

Acid./Eutroph. (AC/ELT) 5.6253E-04 7.9854E-03  2.6620E.03 3.0732E-04 PDF*m™a
Carcinogenic Effects (CE) ~ 6.8745E-08  1.5239E09 5.0720E-10  4.8972E-12 DALY

Climate Chunge (CCH) 96065E-09 4.7540E-08  1.5854E-0B  1.6166E-09 DALY
Ecotoxicity (ECOT) LAT99E-01 64730E-03  4.3726E05  220ME-07 PDF*mi*a
Fossil Fuels (FUELS) S.2822E-02 2.5271E01  B4294E-02  7.2170E-03 MJ
Minerals (MIN) 9.8649E-05 6.7112E-08  22386E-08  1.9166E-09 MI
Ozone Layer Depl. (ODP)  5.2390E-12 0.0000E+00  0.0000E-+00 0.0000E+00 DALY
Radiation (RAD) 3.6658E-10. 2.80B0E-12.  9.3664E-13 B0192E-14 DALY
Respiratory (inorganic)
s T.7E81E-08 1.113BE-06  1.3142E07  S52174E09 DALY
Respiratory {organic) ;
BN 2.5820E-11 3.4633E-10  1.1552E-10  1.2792E-11 DALY
0.30 -
0.25 —
0.20
g
£ /\
0.10 L]
0.05 + . \
D-EH} A T T . ' .

ACIEU  CE CCH ECOT ODP RAD FUELS MIN  ResiN ResOR
Environmental Impact Categories

=g OCOA Prﬁi:iﬁc_t_ign == Cocoa processing —&—Chocolate Manufacturing =s==Transportation

Figure 5.5 Graph of impact assessment scores for various sub-systems (life cycle

___stages) based on the Eco-Indicator 1999 method
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As can be seen from figure 5.3, the “fossil fugls” impact category (i.e. the surplus enerey
required for the future extraction of fossil fuel) and ecotoxicity are the most significant
environmental impacts. For radicactive radiation impacts, the Eco-Indicatar 1999 method
gave exactly the same characterization result as the CML 2001 method. For depletion of
non-rencwable resources, the Eco-Indicator 1999 method distinguishes between fossil fuels
and minerals consumption whilst the CML 2001 method does not, Here, the cocoa
production stage makes the highest contribution to minerals consumption whercas cocoa
processing is the key stage in fossil fuels consurption. For ecotoxicity impacts, the CML
2001 method distinguishes between terrestrial and freshwater aquatic eco-toxicity, but the
Eco-Indicator 1999 method combines the two. Acidification and cutrophication are treated
as a single impact category by the Eco-Indicator 1999 method. Ecotoxicity, carcinogens,
ozone depletion and radiation categories exhibited a very high contribution m the cocoa
production subsystem. For acidification/eutrophication, climate change, respiratory
organics and respiratory inorganics, the cocoa processing subsystem is identified as a hot

spot.

Even though it was not possible to make meaningful validations for some impacts due to
the difference in the characterisation modelling and available characterisation factors for
the impact categories, the two impact assessment methods identified the same
environmental hot spots namely the cocoa production and cocoa processing life cycle
stages. The two methods again confirm the insignificance of the chocolate manufacturing

and transportation subsystems in terms of environmental impacts.

LUK T
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5.2.1 Normalization Results Obtained by Using the Eco-indicator 1999 Method

The characlenization results obtained using the Eco-indicator 1999 method were aleo

normalized using world normalization values based on E199, HA (Hierarchist approach).

Table 5.6 Normalization results based on EI99, HA (Hierarchist approach) world
normalization values,

Environmental Impact  Normalization Normalized
Impact Caiegory Score Values Scores

Fossil fuels (FUELS) 31.9704E-01  B.2600E+03  4.8068E-03
Minerals (MIN) 9.8741E-05  1.4800F+02 . 6.6717E-07
Acidification/Eutroph (AC/EU)  1.1SI8E-02  3.7500E402  3.071 5E-035
Ecotoxicity (ECOT) 1.5451E-01  Z.1100E+02 1.9052E-04
Carcinogenic Effects (CE) 7.0781E-08  2.0000E-03 3.5301E-05
Climate Change (CCH) 74619E-08  2.3900E-03 3.1221E-05
Ozone Layer Depletion (ODP)  5.2390B-12  2.1900E-04 2.3922E-08
Radiation (RAD) 3. 7040E-10  2.68B00E-05 1.3821E-05
Respiratory (inorganic) (ResIN) 1.3283E-06  1.0700E-02 1.2414E-04
Respiratory (organic) (ResOR)  5.0046E-10  6.8400E-05 7.3167E-06

e e an e
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Figure 5.6 Graph of normalization results for production of 1 kg chocolate in Ghana
based on the EI99, HA (Hierarchist Approach) world normalization values

3.3  Improvement Options for Sustainability

The analysis has revealed that the most important resources and environmental concerns
that need to be addressed are freshwater aguatic eco-toxicity, human toxicity energy
consumption and global warming. The cocoa production and cocoa processing stages are
also identified as “hot spots” (i.e. the life cycle stages contributing the most to the

environmental impacts) and therefore offer opportunities for environmental improvements.

5.3.1 Improvement Options for Cocoa Production Stage

Due to the practice of sun-dryinig of the cocoa beans, and non-usage of agricultural

machinery in cocoa production in Ghana, energy use and its associated impacts such as

_-_-_--'_'_
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climate change and acidification are not very significant at the cocoa production stage. As

shown in this study, the environmental Impacts at the cocoa production stage are mainly

caused by the use of pesticides and fertilizers, though the quantities are assumed to be
within acceptable limits (Ghana Cocoa Farmers Newspaper, 2006). If these two potential
impact sources are curbed, then a further plus point for Ghanaian cocoa production would
be attamed. The use of low input systems which rely on integrated pest management (that
involves a high degree of hiological control of the major pests and discases); adeguate soil
fertility management; as well as high yielding and pests resistant cocoa varieties that have
been developed by the CRIG are recommended to further enhance the environmental

triendliness of cocoa production in Ghana (Pabi and Owusu, 1998),

In addition to the impacts derived quantitatively by the LCA tool, there are other known
important impacts that result from cocoa preduction. The eocoa production stage penerates
a large amount of solid waste in the form of pod husks, The pod husk constitutes about
67% of the fresh pod weight (Adu-Amankwa and Twumasi, 2002 unpublished). At
present, pod husks are largely a waste product of the Ghanaian cocoa industry, and present
a serious disposal problem. The direct impacts of these could not be assessed by the LCA
tool, However, according to (Figueira ef al, 1993), they become a significant source of
disease when used as mulch inside the plantation. Cacoa seeds are surrounded by an
aromatic pulp which anses from the seed teguments (technically an aril). During on-farm
processing of cocoa seed (the valuable product), the pulp is removed by fermentation and is
hydrolyzed by micro-organisms, Hydrolyzed pulp is known in the industry as "sweatings."
ﬂppmximatf_:_l}:-.;{-} litres of Egl,p.caa—b:—nbtained from 800 kg of wet seeds (Figueira ef al,

1993). The sweatings are also allowed to drain off as liquid waste in the farms. Viable

T

technologies have been developed for using cocoa pad husks to make soap and animal feed,
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and cocoa pulp for making wine (Adu-Amankwa and Twumasi, 2002 unpublished). The

conumercialization of these new products could be an important economic incentive to

cocoa production in the country as well as help green the cocoa supply chain. Another
important environmental issue of concern is loss of biodiversity. Large quantities of healthy
and genetically diverse native flora and fauna are an indication of 4 balanced ecosystem
(Narayanaswamy et al, 2002), The biodiversity lost from an area where original vegetation
has been cleared, for cocoa cultivation must be estimated. However, the application of LCA
to Agriculture is recent, and therefore some of these impacts resulting from agricultural
practices are still under development for the LCA methodolegy (Mattson et al 2000).
Notwithstanding biodiversity loss due to cocoa production, increased cocoa production in

Ghana must be commended for the sequestration of carbon dioxide by the cocoa trees.

5.3.2 Improvement Options for Cocoa Processing Stage

The production and consumption of fossil fuels in boilers and roasters were identified as the
main cause of the environmental impacts in the cocoa processing stage. Therefore, efforts
must be focused on improving the efficiency of energy use in thesc c¢nergy-intensive

equipments.

The main by-product from the processing industry, namely, cocoa shell, 15 no longer
considered a solid waste, as it is being processed and packed for sale as animal feed and

cocoa fertilizer by the cocoa processing company.

— __,..-r""-_-_-_._-
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CHAPTER 6

CONCLUSION AND RECOMME NDATIONS

The overall aim for conducting this LCA study was 1o identify and quantify the potential
environmental impacts associated with the entire production chain of chocolate, so that
improvement actions can be focussed on the mosl significant environmental impacts. The
assessment has been camied oul on four stages m the life eyele of chocolate, namely cocoa
production, at which pesticides and fertilizer production are use are significant, transport.
which deals with diesel consumption, and industrial processing of cocoa and chocolate

manufacturing, where emissions from boilers from roasters must be taken seriously.

A significant number of impact categories were covered. However, some relevant
environmental impacts resulting from cocoa production such as loss of blodiversity,
disposal impacts of pod husks, etc, have not been assessed and included in the impact
assessment since their methodology 1s not included in the impact assessment methods

adopted.

High quality and representative data are critical for reliable LCA results (UNEP, 1996). In
developing countries, it is often the case that baseline data, especially describing
background systems, are not always available and thus. LCA practiioners have to
supplement the missing data by using the databases provided i commercial LCA
softwares, adding to the low confidence level of LCA results (Mungkung, Udo de Haes and
Clift, 2006). In this study, data pertaining to electricity generation, fuels and agrochemicals
production and i}alnsﬁ;mtiuﬂmum European databases, since specific local or

regional databases are lacking. Considering the potential of the tool for sustainable
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development, there is the need to further deve lop the tool and promote its application in the

country’s development priority areas. This will require a substantial effort to develop a

simplified language that communicates the concepts and tools of LCA together with its
benefits to policy and decision-makers (Ramjeawon et al, 2005) and the development of
database relevant 1o domestic conditions. Current LCA methodologies address only

environmental aspects and impacts, therefore recommendations based on LCAs fail to

address possible trade-offs between environmental protection and both social and economic

concerns in the product life cycle (Guinée et al, 2001 and Dreyer ef ql, 2006). This raises
questions about LCA's ability 1o support actual decision-making in companies, which aim
for sustainability. and it creates an incentive for developing LCA methodology to include

these other dimensions of sustainability (Dreyer ef al, 2006),

Despite these general limitations regarding the application of the LCA tool in developing
countries like Ghana, and in finding ways towards sustainability, one cannot underestimate
the environmental perspective offered by a tool, which makes it possible to wdentify key
environmental 1ssues in support of sustainability measures, For this case study, the LCA
tool proved to be successful in identifying and quantifving a number of significant impacts

associated with cocoa production and processing in Ghana.

Future studies could expand the system boundary to include the product distribution and
consumption phase of the life cycle and also cover other processes such as the production
of packaging, sugar and other ingredients to chocolate omitted 1n the current study. Such a
study could E@II Dih&r tools t0_assessJand use impacts such loss of biodiversity and soil
fertility. etc, to complement the findings made in this LCA study. The outcome of such a

?ﬁm; LCA could start the process of eco-labelling of the product, which will help meet
51
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the increasing demand of consumers for better information on the environmental impacts of

the product.

Sensitivity and uncertainty analyses have not been carried out and therefore the specific
result values of the study must be adapted with caution. However. the general conclusions

of the assessment are not likely to be affected by the uncertainties.

————
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APPENDIX A
METHODOLOGICAL FRAMEWORK FOR LCA - A REVIEW OF

THE IS0 14040-14043 STANDARDS

APPENDIX Al: GOAL AND SCOPE DEFINITION

Al.l1 Defining the Goal of the Study
The ISO 14040 states that the goal of any LCA study shall unambiguously state the
intended application, the reasons for carrying out the study and the intended audience, i.e.

1o whom the results of the study are intended to be communicated (ISO 14040, 1997).

Al.2 Defining the Scope of the Study

The scope of the study 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

(ISO 14040, 1997). Furthermore, according to the same document, under the scope of the

study the following list of items should be considered and clearly defined: the function of

the product syster, or, in the case of compartative studies, the systems, the functional unit,
e e S e~

the product system to be studied, the product systems boundaries, allocation procedures,

typesOT impact and methodology of impact assessment, and subsequent interpretation to be

used, data requirements, assumptions, limitations, initial data qualty requirements, type of

critical review, if any, and type and format of the report required for the study.

A1.2.1 Functional Unit
Defining the functional unit is one of the most important steps in performung an LCA
cale for comparison of two or more products (systems)

because the functional unit sets the s
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including improvement on one product (system). The functional unit is used to relate all

data collected in the inventory phase 1o one or more functions of the system under

consideration. It has particular importance in comparative LCA studies where products or
systems fulfilling the same function are evaluated against each other. The 1SO 14041 states:

“The functional unit defines the quantification of the identificd functions. The functional

unit shall be consistent with the goal and scope of the study, One of the primary purposes
of a functional unit 1s to provide a reference to which the mput and output data are
normalized (in a mathematical sense). Therefore the functional unii should be clearly
defined and measurable. Having defined the functional unit, the amount of product which is
necessary to fulfil the function shall be quantified. The result of this quantification is the
reference flow. The reference flow is then used to calculate the inputs and outputs of the
system. Comparisons between systems shall be made on the basis of the same function,

quantified by the same functional unit in the form of their reference flow” (ISO 14041,

1998).

A1.2.2 System Boundaries

In a detailed LCA study all input flows should be traced back to the extraction from the
environment for inputs and to the discharge into the environment for outputs. However, this
approach could lead to endless regression since some inputs could be the result of several
processes and the products and by-products of a system may be used as inputs for another
series of processes. Thercfore, it is important to define the boundaries of a system. The
system boundaries specify which of the processes contributing towards a system will be
included wntrynan ECA SEWding to [SO 14040 several factors determine the
system boundaries including the intended application of the study, the assumptions made,

CUL-off criteria, data and cost constraints and the intended audience. Also the criteria used in
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establishing the system boundaries shall be identified and justified i the scope of the study

(ISO 14040, 1997),

A1.2.3 Data Quality

The ISO 14040 (1997) states that data quality requirements should be defined to enable the
goals and scope of the 1.CA 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; and
uncertainty of the information. ISO 14041 (1998) elaborates on each of the data quality

requirements presented above and states that where a study is used to support a comparative

assertion that is disclosed to the public, all data quality requirements described shall be

included n the study.

A1.2.4 Critical Review

The aim of a critical review process is to ensure the quality of an LCA, facilitate
understanding and enhance the credibility of LCA studies. ISO 14040 (1997) defines
critical review as a technique to verify whether an LCA study has met the requirements of
this International Standard for methodology, data and reperting, The review can be mternal,
external or it may involve interested parties and the ISO 14040 (1997) document gives

more specifications for the types as well as for the whole review process.
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APPENDIX A2: INVENTORY ANALYSIS

The inventory analysis is the second phase of an LCA study; this involves data collection

and caleulation procedures to quantify relevant inputs and outputs of the system studied.

Usually the inventory produced in this phase is used as mput for the next phase which is the

life cycle impact assessment. There are some simplified LCA studies where an inventory
analysis 15 enough to draw conclusions; however, this has 1o be specified in the goal and

scope of the study.

The first procedure of the inventory analysis is to prepare for data collection. The 1SO

14041 sets five steps for this procedure as follows:

« Drawing of specific process diagrams that outline all unit processes to be modelled,
including inter-relationships,

* Description of each unit process in detail and listing of data categories associated with
each unit process

* Development of a list that specifies the units of measurement

* Description of data collection techniques and calculation techniques for each data
category, to assist personnel at the reporting locations to understand what information is
needed for the LCA study and

» Provision of instructions o reporting locations to document clearly any special cases,

irregularities or other items associated with the data provided (ISO 14041, 1998).

Data collection is the next step and this step requires good knowledge of each process

included in T_.Il_l:_;;-’stﬂm since inpuis—aad-outputs for each process have to be collected. In

most cases thus step 1s the most work-intensive part of the entire LCA study. In accordance

e
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to the goal and scope of the study, different data from different sources should be collected,

I'hese data can be quantitative (preferably) and qualitative (when quantitative data are not

available) and site specific or general. Site specific data, i.e. data from a specific company

area or country are needed for very detailed studies, More average or general data can be

obtained from trade organizations, public surveys, manufacturers associations. ctc

The third step in inventory analysis is data validation and this may involve mass balances,
energy balances and/or comparative analysis of emission factors. In case of anomalies

alternative data values have to be collected in order to fulfil the data quality requirements

established.

Two steps follow the validation of data: relating data to & unit process and relating data to
the functional umt. Usually these steps involve simple mathematical calculations. Firstly, to
relate data to a unit process. a reference flow is established for each unit process and the
inputs and outputs for that particular process are calculated in relation to that reference
flow. Usually mass or energy units are used, for example, input (and output) per kg (or ton)
of material or input (and output) per MJ of energy. Relating data to the functional unit
involves normalizing the flows of all unit processes in the system to the functional unit. For
this step, the flow chart of the system is important singe it shows how the different unit
processes are interconnected. Finally, all the normalized values for mputs and outputs for

all unit processes involved in the system are aggregated in an mventory table.

Refining the system boundaries is the last step in an inventory analysis and at this stage al

the unit processes of the system are reviewed in light of the information collected. This

refiming process may entail exclusion of unil processes or material flows considered
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ummportant or inclusion of new unit processes which have become si gnificant, These

exclusion or inclusion processes are based on sensitivity analysis. The ISO 14041 makes

the following statement with regard to this jssue:

“Reflecting the iterative nature of LCA, decisions regarding the data to be included shall be

based on a sensitivity analysis to determine their significance, thereby verifying the initial

analysis. The initial product system boundaries shall be revised as appropriate in

accordance with the cut-off criteria established in the scope defimition. This sensitivity

analysis may result in:

e exclusion of ife cycle stages or unit processes when lack of significance can be shown
by the sensitivity analysis:

¢ exclusion of inputs and outputs which Jack significance (o the results of the study:;

* inclusion of new unit processes, inputs and outputs that are shown to be significant in
the sensitivity analysis.

The results of this refining process and the sensitivity analysis shall be documented. This

analysis serves to limit the subsequent data handling to those inputs and outputs data which

are determined to be significant to the goal of the LCA study™ (ISO 14041, 1998).

A2.1 Allocation

Allocation is the process of splitting the environmental burdens (inputs and outputs) for a
process, which besides the main product also has ene or more co-products of economucal
value, ISO 14041 states that most industrial processes yicld more than one product and they
recvele intermediate or discarded products as raw materials. Therefore, the matenal and

e

energy flows _aiﬁf:}ia.s associaled evironmental releases shall be allocated to the different
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products according to clearly defined procedures (15O 14041, 1998). This standard states

three principles for allocation.

. The study shall 1dentify the process shared with other product systems and deal with them
according 10 the procedures presented

. The sum of the allocated inputs and outputs of a unit process shall equal the unallocated
mputs and outputs of the unit process

. Whenever several alternative allocation procedures seem applicable, a sensitivity analysis

shall be conducted to illustrate the consequences of the departure from the selected

approach.

For the actual allocation procedures, the ISO 14041 standard suggests the following

SIEPWISE SUCCESSIoN:

1. Whenever possible allocation should be avoided by:

= dividing the unit processes to he allocated into two or more sub-processes and
collecting the input and output data related to these sub-processes

* expanding the product system to include the additional functions related 1o co-products,
taking into account the requirements of the functional unit of the system.

2. Where allocation cannot be avoided, the inputs and outputs of the system should be
partitioned between its different products or functions in a way which reflects the
underlying physical relationship between them; i.¢. they shall reflect the way in which
the inputs and the outputs are changed by quantitative changes in the products or
functions delivered by the system. The resulting allocation will not necessanly be in
proportion to any simple measurements, such as the mass or molar flow of co-products.

3. Where phﬂcal maﬁannt be established or used as the basis for
allocation, the inputs should be allocated between the products and functions in a way

~Which reflect other relationships between them. For example, input and output data
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might be allocated between co-products in proportion to the economic value of the

products.



APPENDIX A3: LIFE CYCLE IMPACT ASSESSMENT (LClA)
The impact assessment is the third phase of an LCA study and it has been defined as the

phase of the LCA aimed at evaluating the significance of potential environmental impacts

using the resulis of the life cycle inventory analysis (1ISO 14040, 1997). The life cycle

impact assessment uses selected environmental issues (defined as impact categories) and

indicators for each of these issues to model the data from the inventory. In general, this
process involves associating inventory data with specific environmental impacts and
attempting to understand those impacts (1SO 14040, 1997). In most of the published LCA

studies, the impact assessment phase had four steps: category definition, classification,

characterization and valuation (or weighting), (see Figure A3).

As seen n figure A3, the ISO 14042 document describes procedures and not specific
methodologies or models for the life-cycle impact assessment phase. Therefore, all the
impact assessment methods and methodologies available in literature are acceptable as long
as they meet the ISO procedural requirements. The methodology developed by the Center
for Environmental Science, Leiden University in The Netherlands (also known as the CML
methodology) is one of the methodologies most used in Europe. This methodology is the

one employed in this study.
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Life Cycle Impact Assessment

Mandatory Elements

Selection of impact categories, category indicators andd characterization maodels

|

Assignment of LCI results (classification) |

,

Calculation of category indicator results {characterization)

.

Category indicator results (LCIA profile)

Optional clements

Calculation of the magnitude of category indicator results relative to reference infarmation
(Mormalization)
Cirouping
Weighting
Drata quality analysis

Figure A3: Elements of the Life Cyecle Impact Assessment phase (Source: 150 14042, 2002)

A3.1 Selection of impact categories, category indicators and classification models
Selection of impact categories, category indicators and classification models is the first
mandatory step required. The impact categories are selected in order to describe the impacts
caused by the inputs and outputs of the studied system, and this step should be a follow up
of the decisions made in the goal and scope definition stage,

IS0 14042 (2000) sets the list of requirements for this step as:

s the selection of impact categories, calegory indicators and charactenization rmodels shall

be mnsisieﬁ_i-.'-'-"ith the goal and the s of the sudy

e« the sources of impact categories, category indicators and characterisation models shall

_éﬁfer:ﬂccd
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* the selection of impact categorics, category indicators and characterisation models shall

be justified

= accurate and descriptive names shall be provided for the impact categories and cateory

indicators.

» the selection of impact categories shall reflect a comprehensive set of environmental

ssues related to the product system being studied, taking the goal and SCOpe In

consideration.

» the environmental mechanism and characterization model which relate the LCIT results
lo the category indicator and provide a basis for characterisation factors shall be
described.

The impact categories mostly considered are: abiotic resources depletion, biotic resources

depletion, global warming, stratospheric ozone depletion, acidification, cutrophication,

photochemical oxidant formation, eco-woxicological impaets, human toxicological impacts,

land use and work environment,

A3.2 Classification

Classification is the process by which imventory results are assigned to the impact
categories chosen in the previous step. This is a qualitative step based on a scientific
analysis of the relevant environmental processes. This scientific analysis makes up the
characlerisation mode! and detenmines the category mdicator as in the [SO terminology.
ISO 14042 states “assignment of LCI results to impacl categories should consider the

following, unless otherwise required by the goal and scope:

. assi@mml_.cl'resu!ts_Ehim-ye’exdusive to one impact category and
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» identification of LCI results which relate to mare than one impact category, including

distinction betwee : - :

n parallel mechanisms, e.g, 80, is allocated between the et
categories of human health and acidification, and allocation among serial mechanisms
e.g. NO, may be assigned to both ground level ozene formation und acidification”.

If LCI results are unavailable or of insufficient data quality for the LCIA to achieve the

goal and scope of the study, either an iterative data collection or an adjustment of the goal

and scope 15 required,

A3.3 Characterization

This is the third mandatory step according to the 1SO procedures and it involves the

conversion of LCI results to common units and the aggregation of the converted results

within an impact category. The result is one score for each impact category taken into

consideration a score which should reflect the loading for that particular category. In order

to perform the conversion, characterisation (or equivalency) factors are used.

Caleulation of indicator results involves two steps:

» sclection and use of characterization factors to convert the assigned LCI results to
common units and

» aggregation of the converted LCIresults into the indicator result,

For some of the impact categories, there 1s consensus regarding the characterization factors
or equivalency factors to be used. Such categories arc global warming, acidification and

ozone depletion. However, for other impact categories like human and ecological toxieity,

oo

biotic resourcesor land use. there—Ts Mo consensus about characterization factors and

different methods have been used.
e —
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As can be seen from Figure A3, characterization. classification and sclection of impact

categories (with indicators and models) are the three mandatory steps according to 1SO

14042, In addition to these mandatory steps the ISO standards presents a series of optional

steps, specifically normalization, grouping, weighting and data quality analysis (gravity

analysis, uncertainty analysis and sensitivity analysis). The following paragraphs briefly

introduce these optional elements.

A34 Normalization

The normalization step 15 the procedure by which the indicator (or score) for each impact

category 1s compared in relation to baseline and/or reference information. ISO 14042 states

that “This procedure transforms an indicator result by dividing it by a selected reference

value. Some examples of reference values are:

= the total emissions or resource use for & given area, which may be global, regional,
national or local,

= the total emissions or resource use for a given aréa on a per capita basis or similar
measurerments, and

e abaseline scenario, such as given alternative product systems™ (150 14042, 2000},

The selection of the reference system should consider the consistency of the spatial and
temporal scales of the enrichment mechanism and the reference value.
The normalization of the indicator results changes the outcome of the mandatory elements

of the LCIA phase, It may be desirable to use several reference systems 1o show the

consequences nh" me.ﬂmﬂunwW elements of the LCIA phase. A sensitivity
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analysis may provide additional information about the choice of reference. The collection

of normalized indicator results represents a normalized LCIA profile.

A3.5 Grouping
Grouping 1s the process by which impact calegories are assigned together in one set.

According to IS0 14042 (2000) “Grouping is an optional element with two possible

procedures:

¢ 1o sort the impact categories on a nominal basis. e.g. by characteristics such as global,
regional or local impacts; and /or

* 1o rank the impact categories on an ordinal scale, e.g. in a given order or hierarchy, such
as high, medium and low priority™.

The application and use of grouping methods shall be consistent with the goal and scope of

the LCA study and it shall be fully transparent. Different individuals, organizations and

societies may have dilferent preferences: therefore it is possible that different parties will

reach ditferent ranking results based on the same indicator results or normalized indicator

results.

A3.6 Weighting

In order to deduce the relative importance of the indicator results or scores obtained for
gach of the impact categories, another optional element, the weighting or valuation step, is
introduced. This step is seldomly based on natural science but on political or ethical values.
ISO 14042 (2000) states the following regarding this step:

“Weighting is dI_? ég{,}lieenal ﬁl““}"?jlt,“lﬂ]ﬂﬂ-lmssiblﬂ procedures:
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» toassign (normalized) indicator results for each impact category with numerical factors

(weighting factors) according to their relative importance. (This may be determined by
a panel of experts or the public)
» tomultiply the normalized results by these factors and possibly aggrepate them.
All weighting methods and operations used shall be documented to provide transparency,
Data and indicator results or normalized indicator results reached prior to weighting should
be made available together with the weighting results. This ensures that:
» trade-off and other information remain available to decision-makers and to others, and

 users can appreciate the full extent and ramifications ofthe results”,

A3.7 Data quality analvsis

Additional techniques and information may be needed to better understand the significance,

uncertainty and sensitivity of the LCLA results in order to

» help distinguish if significant differences are or are not present,

« remove negligible LCT results, or

o puide the iterative LCLA process,

The need for and choice of technigues depend upon the aceuracy and detail needed to fulfil

the goal and scope of the LCA study.

The specific techniques and their purposes are described below.

» Gravity analysis (e.g. Pareto analysis) is a statistical procedure which identifies those
data having the greatest contribution to the indicator result. These items may then be

investigated with increased priority to ensure that sound decisions are made.

= _.--"'""_'_--_._'_
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 Uncertainty analysis describes the statistical vanability in data sets in order to

determmne if indicator results from the same impact category are significantly different

from each other.

* Sensitivity analysis measures the extent to which changes, e.g. in the LCI results

characterization models, etc., influence the mdicator results. Likewise, the extent to

which modifications in the calculation procedures influence the LCIA profile can be

exarmned. Different “what if* scenarios are used in sensitivity analysis,

APPENDIX A4: INTERPRETATION

The interpretation is the fourth phase in life cycle assessment. The aim of this phase is 1o
reduce the number of quantitative and qualitative data gathered during an LCA study to a
number of key issues, which will be usable in a decision-making process. However, this
reduction should give an acceptable coverage and representation of the previous phases in
an LCA.

“The objectives of life cycle interpretation are to analyze results, reach conclusions, explain
limitations and provide reconinendations based on the findings of the preceding phases of
the LCA or LCI study and to report the results of the life cycle interpretation in a
transparcnt manner. Life cycle interpretation is also intended to provide a readily
understandable, complete and consistent presentation of the results of an LCA or LCI
study, in accordance with the goal and scope of the study” (ISO 14043, 2000).

According to 1SO 14043 (2000), the life cycle interpretation phase comprises three

elements, namely:

» [demification ;fthﬂ' sl gniﬁ,t,:dgj_issu:s—baﬁed on the results of the LCI and LCIA phases
of LCA
Cm—
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 Evaluation which considers completeness. sensiuvity and consistency checks:

» Conclusions, recommendations and reporting.

The significant issues can be: nventory data categories, such as CNCTEY, CMISSIONS,

waste, etc.: impact categories, such as resource use, Global Warmung Potential, etc.: and
essential contributions from life cycle stages to LCI or LCIA results, such as individual unit

processes or groups of processes like transportation and energy production.

The objectives of the evaluation element are 1o establish and enhance the confidence in and
the reliability of the results of the LCA or the LCI study, mcluding the significant i1ssues
identified n the first element of the interpretation. The objective of the completeness check
is to ensure that all relevant information and data needed for the interpretation are available
and complete. The objective of the sensitivity check is to assess the reliability of the final
results and conclusions by determining whether they are affected by uncertainties in the
data, allocation methods or calculation of category indicator results, etc. The consistency
check 1s a qualitative procedure deterruming “whether the assumptions, methods and data
are consistent with the goal and scope™ (IS0 14043, 2000). Four main questions must be
asked with regard to checking for consistency, and these are:
1. Are differences in data quality along a product system life cycle and between different
product systems consistent with the goal and scope of the sudy?
2, Have the regional and/or temporal differences, if any, been consistently applied?
3. Have the allocation rules and the system boundaries been consistently applied to all
product systems”

% Bt ilbimeor impact assessment been consistently applied” (IS0 14043, 2000).
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APPENDIX B
RAW DATA COLLECTED

Bl: DATA FOR COCOA PRODUCTION STAGE

Data for this stage were collected in Ghana through questionnaires, by paying site visits to

farms and through interviews with cocoa farmers and scientists at
Institute of Ghana (CRIG).

the Cocoa Research

Bi.1 INPUTS

i 0.000034053ha

Planting seeds 0.001533kz

Rt 4,088L

Petrol (for sprayers) 0.01063L

Fertilizers

Major Nuinents

N =

P 0,04497kg

K 0.03678kg

Minor Nutrients

S 0.01431kg

MgO 0.01226kg

CaO (L.0183%%g

Pesticides

Insecticides

Confidor 200SL {Imidacloprid) 0.0006123kg

Akate master (Bifenthrin) (0.0006123kg

Carbamult (Promecarb) 0.0057232kg

Fungicides —

Champion (77% cupric hydroﬁﬁ?}-.-_'_ d 0.0018396ke

Ridomil 72" (12% metalaxyl, 60% Cu0) 0.0009195kg
“Yocidel01 (L0018396kg



Nordox 75 (86% Cu,0, 14% mert)

B1.2 PRODUCTS/BY-PRODUCTS
Diry cocoa beans

Cocoa pulp (bean sweating)

Cocoa pod husk

Bl.3 ENVIRONMENTAL RELEASES

B1.3.1: Water Emissions
Bifenthrin (pesticides to freshwater)
Copper (pesticides to freshwater)
Promecarb (pesticides to freshwater)

Phosphates (inorganic emission to freshwater)

B1.3.2: Soil Emissions
Bifenthrin (pesticides to soil)
Copper (pesticides to soil)
Promecarb (pesticides to soil)

Phosphates (inorganic emission to soil)
B1.3.3: Air Emissions
Bifenthrin (pesticides to air)

Copper (pesticides to air)
Promecarb (pesticides to air)

NB: All data are per kg chocolate.

76

0.0018396kg

0.868Tkg
0.2825kp
6.8905kg

1.28E-07kg
6.49E-O4kg
1L18E-0dkg
2.13E-04kg

7.17E-09%kg
3.64E-05kg
6.63E-06kg
6.86E-04kg

6.0E-09kg
J.08E-05kg
5.62E-06ke



B2: DATA FOR COCOA PROCESSING STAGE

Data for this stage were collected from Cocoa Processin £ Company (CPC). Tema. Ghana

The data represents the company’s production data for the year 20042005,

B2.1: INPUTS

Cocos beans

§ il

F X Py

0.868Tkg
RHLHC 0.076489kwh
Diesel 0.055287L
Water 0.902958L
B2.2: PRODUCTS/BY-PRODUCTS
Cocoa liquor 0.1827kg
Cocoa hutter 0.2960kg
Cocoa cake 0.2335kg
Cocoa powder 0.0652kg
Cocoa shells 0.0851kg
B2.3: ENVIRONMENTAL RELEASES
B2.3.1: Water Emissions
Total Dissolved Solids 4 4760E-12kg
Total Suspended Solids 3.5866E-12ky
Chemical Oxygen Demand 8.3 7E-12kg
Biological Oxygen Demand 4.3815E-12kg
Oil & Grease 1.2849E-14kg

3.8540E- 1dkg
3.2576E-15kg

Phosphates

Mitrates

B23.2: AlfEmissions —

Carbon dioxide 0.20666kg
Tarbon monoxide 0.0073063kg

ri)



Sulphur dioxide

Dust particles (PM2.5— PMI1{})
Cadmium (heavy metal to air)
Chromium (heavy metal to air)
Copper (heavy metal 1o air)
Lead (heavy metal 1o air)
Mercury (heavy metal to air)
Nickel (heavy metal 1o air)
Selenium (heavy metal to air)

Zine (heavy metal to air)

0.007kg

0.00192kg
1.0E-08kg
5.0E-08kg
1.7E-06ke
1, 1E-07kg
2.0E-08kg
7.0E-0O8kg
1.0E-08kg
|.OE-06kg



B3: DATA FOR CHOCOLATE MANUFACTURING STAGE

Data for this stage were collected from Cocoa Processing Company (CPC), Tema, Ghana

The data represents the company’s production data for the year 2004/2005.

B3.1: INPUTS

Cocoa liquor 0,1827ke
Cocoa butter 0.2960kg
Sugar 0.3011kg
Milk powder 0.2200kg
Vanillin 0.000049g
Lecithin 0.0042kg
Electricity 0.03187kwh
Diesel 0.018434L
Water 0.37623L

B3.2: PRODUCTS
Chocolate 1.00kg

B33: ENVIRONMENTAL RELEASE

B3.3.1: Water Emissions

Total Dissolved Solids 1.4920E-12kg
Total Suspended Solids 1.1955E-12kg
Chemical Oxygen Demand 2.8439E-12kg
Biological Oxygen Demand 1.4605E-12kg
(hl & Grease 1.2849F-14kg
Phosphates 1.0625E-15kg
Nitrates 1.0859E-15kg

"

B3.3.2 : Air Emissions _——

0.06885kg
0.0024353kg

Carbon dioxide
—Cawbmmmonoxide
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Sulphur dioxide

Cadmium (heavy metal to air)
Chromium (heavy metal to air)
Copper (heavy metal to air)
Lead (heavy metal to air)
Mercury (heavy metal 1o air)
Nickel (heavy metal to air)
Selenium (heavy metal to air)

Zinc (heavy metal to air)

(.002333kg
J.33E-09%g
1.67E-10kg
5.67E-11kg
J.6TE-10ke
6.67E-10kg
2.33E-10kg
3.33E-09kg
3.33E-11kg

B3.4: BASIS FOR CALCULATION OF BOILER EMISSIONS

Composition of Diesel, 1kg.
Main Elements

(.‘ 0.865ke
H 0.133kg
O 0.000kg
N 0.000kg
S 0.0035kg

Trace Elements

Cd 0.01mg
Cr 0.05mg
Cu 1.7mg
Hg 0.02mg
Ni 0.07mg
Pb 0.11mg
Se 0.01mg
£n Img

Density of Diesel: 0.84 kgL I
Combustion efficiency assumed: 90%

(Source: Ecoinvent LCA Databasc)
—'—-'--’_ -
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B4: DATA FOR TRANSPORTATION STAGE

Data for this stage were adapted from the GaBj 4 software database. The data were

obtained in Germany, based on a 38 ton total capacity/26 ton payload long distance truck-

trailer.

Parameter Value
Average utilisation ratio %505,
Distance (start - destination) 250 km
Tonnage (ton complete. load forward) 22.1

[kg] Diesel per kg cargo 0.0032293
[kg] Diesel total consumption 71.367
[Emissions Amount
Carbon dioxide [Inorganic emissions to air| 0.010184
Carbon monoxide [Inorganic emissions to air| 2.36E-05
IDust (unspecified) [Particles to air] 5.92E-06
Methane [Organic enussions to air (group VOC)] 1.03E-08 |
Nitrogen oxides [Inorganic emissions to air) 1.26E-04
INMVOC (unspecified) [Group NMVOC to air] 0.95E-06
Sulphur dioxide [Inorganic emissions te air] 9.69E-06

(Source: GaBi 4 professional database)
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APPENDIX D

DESCRIFTION OF ENVIRONMENTAL IMPACT CATEGORIES USED IN THE

STUDY

This appendix describes the impact categories considered in this study. A detailed

discussion can be found in Heijungs ef al (1992) and Guinee er al (2001).

D.1: ABIOTIC RESOURCES DEPLETION

Abiotic resources are natural resources such as iron ore, which are regarded as non-living.

The debate on the characterization of depletion-related impact categories is not settled

Impact category Abiotic depletion

LCI results Extraction of minerals and fossil fuels

Characterization Concentration-based reserves and rate of de-accumulation approach
model

Category indicator | Depletion of the ultimate reserve in relation to annual use
Characterization Abiotic depletion poteminI (ADP) for each extraction of minerals
factor and fossil fuels (in kg antimony equivalents/kg extraction

Unit of indicator

result

Kg (Sbeq)

D.2: CLIMATE CHANGE

Climate change is defined here as the impact of human emissions on the radiative forcing

(i.c. heat radiation absorption) of the atmasphere. This may in turn have adverse impacts on

ecosystem health, human health and material welfare. Most of ihese emissions enhance

radiative forcing, causing the temperature at the earth’s surface to nse.

_-"'"'-_-__-_'_
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Impact category

Climate change

LC1 results

Emissions of greenhouse gases to air

Characterization

model

The model developed by the Intergovernmental Panel on Climate

Change (IPCC) defining the global warmung potential of different
greenhouse gases

Category indicator

Infrared radiative forcing (W/m')

Characterization
factor

Global warming potential for a 100 year time horizon (GWP100) for

each greenhouse gas emussion to the air (in kg carbon dioxide
equivalent/kg emission)

Unit of indicator

result

Kg (carbon dioxide eq)

D.3: STRATOSPHERIC OZONE DEPLETION

Stratospheric ozone depletion refers 1o the thinning of the stratosphereic ozone layer as a

result of anthropogenic emissions. This causes a greater fraction of solar UV-B radiation to

reach the earth’s surface, with potentially harmful impacts on human and animal health,

terrestrial and aguatic ccosystems, biochemical cycles and materials.

Impact category

Stratospheric ozone depletion

LCI results Emissions of ozone-depletion gases to the air
Characterization The model developed by the World Meteorological Organization
model (WMO), defining the ozone depletion potential of different gases
Category indicator | Stratospheric ozone breakdown
Characterization Ozone depletion potential in the steady state (ODP steady state) for
factor each ermssion to the air (in kg CFC-11 equivalent’kg emission
Unit of indicator | Kg (CFC-11 eq)
result

e _._._'_,_..-—-—"-_'__
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D.4: HUMAN TOXICITY

This impact category covers the impacts on human health of toxic substances present in the

environment. The area of concern is human health.

Impact category Human toxicity
LCI results

Emissions of toxic substances o air, water and soil

Characterization USES 2.0 model developed at RIVM, describing fate, exposure and
model effects of toxic substances, adapted to LCA
Category indicator | Acceptable daily intake/predicted daily intake

Characterization Human-toxicity potential (HTP) for each emussion of a toxic
factor substance .to -air, water and/or soil (in kg 1.4-dichlorobenzene

equivalent/kg emission)

Unit of indicator | Kg (1,4-dichlorobenzene)
result

D.5: ECOTOXICITY
This impact category covers the impacts of toxic substances on aquatic and terrestrial

ecosystems. The area of concern i3 the natural environment (and natural resources).

D.5.1: Freshwater aquatic ecotoxicity

Freshwater aquatic ecotoxicity refers to the impacts of toxic substances on freshwater

dquatic ecosystems.
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Impact category

Freshwater aquatic ecotoxicity

LCI results Emissions of toxic substances o air, water and soil

Characterization | USES 2.0 model developed at RIVM. describing fate, exposure and

model effects of toxic substances, adapted 1o LCA

Category indicator | Predicted  environmental concentration/predicted  no-effect
cancentration

Characterization | Freshwater aquatic ecotoxicity potential (FAETP) for each emission

factor

of a toxic substance to air, water and/or soil (in kg 14-
dichlorobenzene equivalents/’kg emission)

Unit of indicator

result

Kg (1 4-dichlorobenzene eq)

D.5.2: Terrestrial ecotoxicity

Terrestrial ecotoxicity refers to impacts of toxic substances on terrestrial ecosystems.

Impact category Terrestrial ecotoxicity

LCI results [ Emissions of toxic substances to air, water and soil

Characterization | USES 2.0 model developed at RIVM, describing fate, exposure and

model effects of toxic substances, adapted to LCA

Category indicator | Predicted  environmental  concentration/predicted  no-effect
concentration

Characterization Terrestrial ecotoxicity potential (TETP) for each emussion of a toxic

factor substance to air, water and/or soil (in kg 1.4-dichlorobenzene

equivalents/kg emission)

Unit of indicator

result

Kg (1.4-dichlorobenzene eq)

D.6: PHU‘IEQ?_{ID

ANT FORMATION

..--"""'_-_-—_._'_

Photo-oxidant formation is the formation of reactive chemical compounds such as ozone by

___the-action of sunlight on certain primary air pollutants. These reactive compounds may be
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formed n the troposphere under the mfluence of ultraviolet light, through photochemical

oxidation of Volatile Organic Compounds and carbon monoxide (CO) i the presence of

nitrogen oxides (NO,). Ozone is considered the most important of these oxidizing
compounds, along with peroxyacetylnitrate (PAN). Photo-oxidant formation is also known

as summer smug, Los Angeles smog or secondary air pollution.

Impact category Photo-oxidant formation

LCI results Emissions of substances (VOC, CO) to air

Characterization UNECE Trajectory model

model |

Category indicator | Tropospheric ozone formation

Characterization Photochemical ozone ereation potential (POCP) for each emission
factor of VOC or CO to the air (in kg ethylene equivalents’kg emission)
Unit of indicator | Kg (ethylene eq)

result

D.7: ACIDIFICATION

Acidification is the environmental impact caused by the build-up of protons in soils and
lakes. Higher acidity in certain types of soils cause the mobilisation of different fixed 1ons,
which are then absorbed by plants and damage them. Run-offs from acidic soils can harm
aquatic ecosystems in the different lakes and rivers and in worst cases render them lifeless.
Acidification can be caused directly by acids and indirectly by acidic anhydndes (sulphur

dioxide and trioxide and oxides of nitrogen) and ammonia.

9




Impact category Acidification

LCI results Emissions of acidifying substances to the air

Chzr?cterizatiun RAINS10 model, developed at IISA, describing the fate and |
mode

deposition of acidifying substances, adapted to LCA

Category indicator

Depuosition/acidification critical load

Characterization
factor

F}uidiﬂcalinn p.utential (AP) for each acidifying emission to the air
(in kg SO, equivalents/kg eImnission)

Unit of

result

indicator

Kg (SO; eq)

D.8: EUTROPHICATION

The cause of oxygen depletion found in the bottom layers of lakes and coastal waters is

eutrophication. Eutrophication is defined here as an over enrichment of aquatic

environments with macronutrients (the most important of which are nitrogen and

phosphorous), leading to an increased production of plankton, algae and higher aquatic

plants. The algae sink to the bottom and are broken down consuming oxygen in the bottom

layer. IT fresh oxyeen-rich water from the surface does not reach the bottom layers, the

oxygen concentration near the bottom will gradually be reduced until the bottom-dwelling

organisms move away or die. In, addition, high nutrient concentration may render surface

waters unacceptable as a source of drinking water.

Impact category

Eutrophication

LCI results

Emissions of nutrients to air, waler and soil

Characterization

model

The stoichiometric procedure, which identifies the equivalence

between N and P for both terrestrial and aquatic systems

Category indicator

Deposition /MN/P equivalents in biomass.

Characterization

factor

T

Eutrophication potential (EP) for each eutrophying emission to air,

water and soil (in kg PO4 equivalents/kg emission)

Unit ol _indicator

result

K (PO-ee—

—




D.9: IMPACTS OF IONISING RADIATION

This iﬂmﬂﬂmmtiﬂmﬁm&mrﬂmuufmm:wuu

direct exposure 1o radiation. Exposure 10 ionizing radiation is harmful to both humans and

animals.
Impact category Impacts of ionising radiation
LCI results Emissions of ionising radiation to air, water and sonl
Characterization Fate and exposure models combined with epideniological studies
model and the concept of disability-adjusted life years (DALY)
Category indicator | Disability-adjusted life years (DALY)
Characterization | Radioactive radiation potential (RIEP)
factor
Unit of indicator | DALY
result

e




APPENDIX E
CHARACTERIZATION FACTORS USED INTHE IMPACT ASSESSMENT

waﬁmuchmm:mfmmmmm:mlmhd.h

emissions contributing 10 the various impact categones. The data were taken from the

GaBi1 4 LCA software,

APPENDIX El1: CML 2001, ACIDIFICATION POTENTIAL

Flow SO-Easl
Ammonia [Inorganic emissions to air| “,l SSO0F +00 '
Ammonium [Inorganic emissions to air] V M00E + 00
Ammonium nitrate [Inorganic emissions to air] CRETT T e
Hydrogen chlonde [Inorganic emissions to agricultural soil| % SO0E-01
Hydrogen chlonide [Inorganic enmissions 1o sea water) 5 RONOE-i01
Hydrogen chloride [Inorganic emissions to fresh water] § NONOE-0
Hydrogen chloride [Inorganic emissions to industrial soil) & RINOE-01
erttmgm chloride [Inorganic emissions to air) & RDOOE-O1
Hydrogen fNuoride [Inorganic emissions to air] | DO ()
Hydrogen fluonide (hydrofluoric acid) [Inorganic emissions 1o sea water | | {OE+(X)
Hydrogen fluonide (hydrofluoric acid) [Inmu: ermissions o indusiral soil ] 1 WM + (M)
Hydrogen fluoride (hydrofluoric acid) [Inorganic enmssions to fresh water| | G000 +00
Hydrogen fluoride (hydrofluonc acud) [Inorganic emissions to agriculiural soil] | | 6000E+00
Hydrogen sulphide [Inorgame enussions 1o i | BSODE +00
Hydrogen sulphide [Fresh warer] i | SHOOE (0
Hydrogen sulphide [Inorpanic emissions to industrial soil] | RROUE+(K0
Hydrogen sulphide [Inorganic emissions to agricultural soil | RSO+
Hydrogen sulphide [Inorganic emissions to sea water | | KROOE + 00
Nitrie acid [Inorganic emissions to sea water] S 1000E-0/1
Nitric acid [Inorganic crmissions t fresh waler] <T0E-01
Mitric acid [Inorganic cmissions to agricultural soil] S 1000E-0)
Nitric acid [[norganic emissions to industrial soil ] S | MME-01
Nitrogen dioxide [Inorganic emissions to sir} : 7.0000E-01
Nitrogen oxides [ Inorganic emissions 1o air) 7 OOOOE-01
Phosphorie acid [Inorganic emissions ta fresh water] 9 SOO0E-(
Phosphoric acid [Inorganic emissions 0 agnicultural soil] 9 BOOOE-01
Phosphoric acid [Inorganic emissions 10 s¢d water| 9 BODOE-01
Phosphoric acid [Inorganic emissions to air] . SOO0E-01
Phosphoric acid [Inorganic emissions to industrial soil] 9 SOO0E-01
Sulphur dioxide [Inorganic emissions 1o air] 1 DNE + ()
Sulphur trioxid [Inorganic emissions Lo air] § 0000E-01
Sulphurnie acid [Inorganic emissions to sea water] 6 SO00E-01
Sulphuric acid [Inorganic emissions 1o agricultural soil] : m_;‘;:__
Sulphuric acid [Inorganic emusswns o Ilri SO00E-0
Sulphuric acid | Inorganic emussions fo fresh water] 6.5006E-01
Sulphuric acid [Inorgamic emssions to industrial soil} 6.5000¢-01

H—
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APPENDIX E2: CML 2001. EUTROPHICATION POTENTIAL

Flow

kg Phosphate-

Eiqquiv.

Acetic acid [Hydrocarbons to sea water]

2. }500E-02

Ammenia [Inorganic emissions 1o frech water|

2 EROOE-01

Ammonia [fﬂﬂrgﬂl‘lltc CMISSIGNS to en "-'-'al{:r]

= : . - ; 1 S000E-01
mmonia [Inorganic emissions to air| 3 SOO0E-01
Ammonium [Inargame emissions 1o air] 3 AN0E-01
ﬁmmnl_ um/ ammonia [Inorganic emissions 1o fresh water] E] ._lmuE-l]l
Ammonium / ammonia [Fresh water] 3. 3000E-01
Ammonium / ammonia [Inorganic emissions 1o sea water] 3. 3000E-01
Ammonium mitrate [Inorganic emissions to air] L.S175E-01
Biological oxygen demand (BOD) [Analytical measures to sea water] 2. 2000E-02
Biological oxygen demand (BOD) [Analytical measures to fresh water] 2. 2000E-02
Calcium nitrate (Ca{NO3)2) [Inorganic emissions to fresh water] 7.5610E-02
Calejum nitrate (Ca(NO3)2) [Inorganic emissions to sea water] 7.5610E-02
{“hemical oxygen demand (COD) [Analytical measures to fresh water] 2. 2000E-02
Chemical oxygen demand (COD) [Analytical measures 1o sca water] 2. 2000E-02
Ethanol [Hydrocarbons to sea water| 4 4040E-012
Heptane [Hydrocarbons to sea water] 7. T440E-02
Hexane (isomers) [Hydrocarbons to fresh water] 1.7T67E-02
Hexane (isomers) [Hydrocarbons to sea water] 1-TI6TEA2
Hydrocarbons (unspecified) [Hydrocarbons 1o fresh water] T.5410E-02

Methanol [Hydrocarbons o fresh water]

1 3000E-02

Methanol [Hydrocarbons to sea water]

1. A000E-02

Mitrate [Fresh water] | .OOGOE-0]
Mitrate [Inorganic emissions to air] | CHHMIE-(1]
| Mitrate [Inorganic emissions to fresh water] | CHHMIE-1)]
Mitrate [Inorganic emissions 10 5o water] 1L OOBOE-01
| Nitric acid [Inorganic emissions (o sea water] LOGODE-01

| Nitriz acid [Inorganic emissions to industrial soil]

1L.ODOOE-D1

| Mitric acid [Inorganic emissions o fresh water]

1 . OODOE-01

Organic compounds (unspecified) [Organic emissions o sea waker]

Nitrile [Inorganic emissions tosea water] 1.O0D0E-01
Nitrite [Fresh water] 1.ON0OE-01
Mitrite [Inorganic emissions to fresh water] 1. O000E-D]
Nitrogen [Inorganic emissions to sea water] 4. 2000E-01
Nitrogen [Inorganic emissions ta fresh water] 4 2000E-01
Mitrogen [Inorganic emissions ta industrial soil] 3.5000E-01
Nitrogen [Inorganic emissions [0 air 4.2000E-01
Mitrogen dioxide [Inorganic emissions Lo air] 2.3500E-02
Mitrogen organic bounded [Fresh water] 2 BROGE-01
Nitragen organic bounded [Inorganic enussions to fresh water] 3. 5000E-01
Nitrogen organic bounded [Inorganic emissions to sea water] 3.5000E-01
Mitrogen oxides [Inorganic emissions to air] 3. 3(M0E-01
Ociang [Hydrocarbons to sea water] 1. 3000E-01
il (unspecifizd) {Hydrocarbons to fresh water] 3. 3000E-01
Qil (unspecified) [Hydrocarbons to sea water] 3.30E-0]
Organic compounds (dissolved) [Organic emissions to sca water] 151 "'55_‘“1
Organic compounds (dissolved) [Organic emissions to fresh water| Eig;ij:
Organic compounds (unspecified) [Organic emissions to fresh water] 7 S610E-02
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_EP}E_;Ehuta [Inmgamlc ‘mf“':m to air] 756 10E-02
sphate [Inorganic emissions to sea water] 2 2000E-(2
Phosphate [Fresh water] =
o A _ 2.2000E-02
Phosphate [Inorganic emissions to fresh water] 4. 4040E-012
Phosphoric acid [Inorganic emissions to sea water] T.TH0E-(12
Phosphoric acid [Inorganic emissions to fresh water] 1.7T67E-02
Phosphonic acid [Inorganic emissions to air| 7.TT67E-02
Phospharie acid [Inorganic emissions to industrial s0il] T543E-02
Phosphoruns-pent-oxide [Inorganic emissions to sea water] 3 3000E-02
Phosphoruos-pent-oxide [Inorganic emissions to air] 3.3000E-02
Phosphoruos-pent-oxide [Inorganic emissions to fresh water| LODOOE-01
Phiosphorus [Inorganic emissions to industra) 50il] 1ODONE-G1
Phosphorus [Inorganic emissions 1o sea water] 1.0000E-01
Phosphorus [Inorganic emissions to fresh water] 1.EMNIE-D1
Phosphorus [Inorganic emissions 1o air] 1 .(HKHHE-D1
Sodium nitrate (NaNO3) [Inorganic ermissions to fresh water] 1.O00E-D1
Sodium nitrate (NaNO3) [Inorganic emissions to sed water] LOBGOE-01
Total dissolved organic bounded carbon [Analytical measures to fresh water] 1.0OOOOE-01
Total dissolved organic bounded carbon [Analytical measures tosea water] 1.O000E-01
Total organic bounded carbon [ Analytical measures 1o sea water] 1. 0000E-01
Total erganic bounded carbon [Analvtical measures to fresh water] 4. 2000E-01
Xylene (isomers. dimethyl benzene) [Hydrocarbons 1o fresh water) 4 2OIE-(11
Xylene {meta-Xylene; 1 3-Dimethylbenrene) [Hydrocarbons to fresh water] 3. 5000E-01
Kylene {meta-Xylene; 1 3-Dimethylbenzene) [Hydrocarbons to sea water] 4 2000E-01
Xylene (ortho-Xylene; 1,2-Dimethylbenzene) [Hydracarbons ta fresh water| 2. 3500E-02
Xylene (ortho-Xylene; 1,2-Dimethylbenzene) [Hydrocarbons to sea water] 2, BRODE-0]
Xylene (para-Xylene, |, 4-Dimethylbenzene) [Hydrocarbons o fresh water] 3. 5000E-01
Xylene (para-Xylene, 1,4-Dinﬂ1}ribemzenc.:'ﬁl-l}rdmca:hum to sca water) 3.5000E-01

i
!
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APPENDIX E3: CML 2001,

GLOBAL WARMING POTENTIAL (GWP 100

YEARS)
Flow .
1,1, 1-Trichloroethanc [Halogenated organic emissions 1 air] kT El_{:]:j:f[l;r
Carbon dioxide [Renewable resources] i mmEvm‘;
Carbon dioxide [Inorganic emissions to air] 1 :u{}lmﬁ 00
Carbon dioxide (biotic) [Air] 1 GOGOE+(K)
| CFC 12 {dichlorodifluoromethzne) [Halogenated Ofganic emissions 10 sea water] | 8.5000E+03
Chloromethane (methyl chloride) [Halogenated OTEANIC emissions u air] LGOO0E+D]
Dichloromethane (methylene chloride) [Halogenated organic emissions to ir] [ODOOE+(0]
Halon (1301) [Halogenated organic emissions to air] 6.9000E+03
Methane [Organic emissions to air (group VOC)] 2. 3000E+01

Methane (biotic) [Air]

2 3000E+1

Nitrous oxide {']aughin & gas) [Inorganic emissions 1o air]

2.9600E+02

Perfluorobutans [Halogenated organic emissions to air)

B.6000E+HI3

Perfluorocyclobutane [Halogenated organic emissians to air]

[.OOODE+(4

Perfluorohexane [Halogenated organic emissions to air]

QO00DE+03

Perflupropentane [Halogenated organic emissions to air] B.0000NE-03
Perfluoropropane [Halogenated organic emissions to wr] i B.600OE+03
R 11 (trichleroflucromethane) [Halogenated organic emissions to air] 4.6000E+03
| R 114 (dichloratetrafluoroethane) [Halogenated organic emissions Lo air] 9.8000E+D3
R 116 (hexafluorocthane) [Halogenated organic emissions Lo air] 1.1 900E+04
R 12 (dichlorodilfuoromethane) [Halogenated organic emissions to air] 1.ODE+D4
R 13 (chlorotrifluoromethane) [Halogenated organic emissions Lo air] | AD00E+04
R 134 [Halogenated organic emissions Lo air] 1. 1000E+}3
R 22 (chlorodifluoromethane) |Halogenated organic emissions to air] 1. TOD0E+DA
R 41 [Halogenated organic emiszions to.air] Y TO00E+0 |
Sulphur hexafluoride [Inorganic emissions to air| 2. 20E+04
Tetrafluoromethanc [Halogenated organic emissions to air] | 5.7000E+03
VOC [Organic emissions lo fresh water] 3 | 5HOEH0]
VOC [Chrganic emissions (o sea water] | 47T00E+0N
VOC (unspecified) [Organic emissions 10 air (group VOC)] 1BTOUEHH

APPENDIX E4: CMIL 2001, OZONE LAYER DEPLETION POTENTIAL

Flow | kg R11-Equiv.
I,l; |-Trichloroethane [Halo genated organic emissions to air] E 1, 1E00E-01
CFC 12 (dichlorodifluoromethanc) [Halogenated organic emissions 1o sea water] &, 2000E-01
Chloromethane (methyl chloride) [Halogenated organie emissions o air] 2 D0H0E-02
Halon (1301) [Halogenated organic emissions to air] 1.2000E+D
HBFC-1201 (Hzlon-1201) [Halogenated orgamic EMisSions to air] LAGODEHD
HBFC-1202 (Halon-1202) [Halogenated orgaric emissions to air] 1. 2500F+H00)
HBFC-2311 (Halon-2311) [Halogenated organic gnissions to a?r] 1. 4000E-1]
HBFC-2401 (Halon-2401) [ Halogenated organic ernissions Lo a?r] I.S{JDBE-mb
HBFC-2402 {Halon-2402) [Halogenated organic emissions to air] TEIPIL::EIE‘I{D
| R 1| (trichforofluorometha noenated organic -::,niﬁr.tg@ Ly air | ::;{:]gmc -
R 114 (dichlorotetrafluoroethane) [Halogenated nrga.m:: E]:HI!‘?SEDI‘IL-, in.alr] E.E{HHE-M
R 12 {dichlorodifluoromethane) [Halogenated organic t:II'IH_SSHJ'T'IS Iu_ﬂlr] --'H}I}DE:W
—1 a2 {chlorodiflupromethanc) [Halagenuted organic emMISsoNS [ air] X 2
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APPENDIX ES: CML 2001, PHOTOCHEMICAL OZONE CREATION

POTENTIAL

Flow

kg Ethene-Equiv,

1,1,1-Trichloroethane [Halogenated arganic emissions to air|

|12, 3-Trimethylbenzene [Group NMVOC fo air] ?;‘;i::lf-?;l
| 1,2, 4-Trimethylbenzene [Group NMVOC to air] | ;?;ﬂéﬂiil
| -Butoxypropanol [Group NMVYOC to air] 4.{, A0E-01
I-Hexene [Group NMVOC fo air] T AO0ED
I-Methoxy-2-propanal [ Group NMVOC to air] 3:55LK]E-DI
I-Pentene [Group NMVOC to air] 0. T700E-01
I-Propanol [Group NMVOC to air] 5.0 1 (KIE-T]
I-Propylbenzene [Group NMVOC to air] 5, 3600E-()]
I-Undecane [Group NMVOC to air] 3 B400E-01
2,2-Dimethylbutane [Group NMVOC 1o alr] 2.4 100E-01
2,3-Dimethylbutane [Group NMVOC to arr| S.4100E-01

2-Butoxy-ethanol [Group NMVOC ta air]

4.8300E-01

2-Ethoxy-ethano! [Group NMVOC to air]

1. 8600E-01
2-Methoxy-ethanol |Group NMVOC to air] Fl 1 0700E-01
2-Methyl-1-butene [Group NMVOC 1o air] 1.7 100E-01
2-Methyl-2-butene [Group NMVOC to air] B A200E-01

. %:Meth}f[bu??n—l -0l [Group NMVOC 1o wir] 4 B90O0E-01
2-Methylbutan-2-0l [Group NMYVOC to air 2 2E00E-01
2-Methylhexane [Group NMYOC to air] 4.1 1O0E-01
2-Methylpentane [Group NMYOC to air] 4. 2000E-01
3.5-Diethyltoluene [Group NMYOK o air] 1 2050E00
3 5-Dimethylethylbenzene [Group NMVOC 3 air] 1. 3200E+00
3-Methyl-1-butene [Group NMVOC toair] 6.7 10DE-01
3-Methylbutan-1-ol [Group NMVOC to air] 4.3300E-01
3-Methylbutan-2-ol | Group NMYOC to air] 4. 0600E-01
3-Methylhexane [Group NMVOC o air] 3.6400E-01
3-Methylpentane [Group NMYOC (o air] 4. 7900E-01
3-Pentanol [Group NMYOLC 10 air) F9500E-M
Acetaldehyde (Ethanal) [Group NMVOC 1o air] 6.4 100E-01
Acetic acid [G]’D;.]]} NMVOC 1o air] 9. 7000E-02
Acetone (dimethylcetone) | Group NMVOL to air] 9.4000E-02
Alkane (unspecificd) [Group NMVOC to gir] 4. (000E-01
Alkene (unspeeified) [Group NMVOC to air] 1. 00E« D
Benzaldehyde [Group NMVOC ta air -0.2000E-02
Benzene [Group WMYOC Lo air| 2.1800E-01
Butadiene [Group NMVYOC o air] 8.5 100E-01
Hutane [Giroup NMVYOC to air] 7 3.5200E-01
Butane {n-butane) [Ciroup NMYOC to air] 3.5200E-01

| Butanone (methyl ethyl ketone) [Group NMYOC fo air] 3.7300E-01
Butyraldehyde [Group NMVOC 1o air] T.9500E-01
Carbon monoxide [Inorganic emissions 1o air] 2. 7000E-02
Carbon monexide (biotic) [Air] 2.7000E-02
Chiaromethane (miethyl chloride)-pHetogermted organic emissions fo air] 5.0000E-03

- 1. 1460E-+HM)

cis-2-Rutene [Group NMYOC to HJIF[ TR
cis-2-Hexene [Group NMVOC o air] Bera ]

| es3.Pentene [Group NMVOC to air]




cis-Dichloroethenc [Halogenated organic envssions to air]

_Cyclcshe:m:nc (hexahydro benzene) [Organic intermediate prodiek] f;'.fmr;gi:m
Decane [Group NMVOC 1o air] ' ; R400EDT
Diacetone alcohol [Group NMVOC 1o ir] 3 G700E0T
DIICMOWFTIE["IHHE [methylena E'.hlﬂl‘idEJ [H&|Dgf‘.‘hﬂtcd Qrganic emssions 1o iilrk r].HmmF-__“'r
Driethy] cther [Group NMVOC to air] 4 451}:"5-:111'
Diethylketane [Group NMVOC 1o air] A TA00E-01
Diisopropylether [Group NMVOC to air] '-In.ﬂEDOEul}t
l‘.l:.mcthﬂxy methane [Group NMVOC to air] -Is SAGOED]
Dimethy] carbonate [Group NMVOC to air] 3 5000E-02
Dimethy] ether [Group NMYOC 1o air] T E000E-D1
Dodecane [Group NMVOC 1o air] 35700E-0]
Ethane [Group NMVOC 1o air] 1.2300E-01
Ethanul [Group NMYOC to air] 3.9900E-01
Emgne {ethvlene) [Group NMVOC 1o air] 1.O0ODE-H)D
Ethine {acetylene) [Organic intermediats products] B.5000E-02
Ethy| benzene [Group NMVOC to air] T.3000E-MH
Ethylene glycol [Group NMVOC to air] 1 3. 7300E-01
Ethyl-trans-butyl ether [Group NMVOC to air] 2.4400E-01
Formaldchyde (methanal) [Group NMYOC 1o uir] 5.1900E-0!
Hexan-2-one [Group NMYVOC (o air ) 5. 7200E-01
Hexan-3-one [Groug NMYOC o air] SABNNEAN
Hexane {isomers) |Group NMVOC to air] 4 BIN0E-01
iso-Butane [Group NM VO to air| FOTO0E-01
iso-Butanol [Group NMYOC to air] JG0O00E-01
1so-Butene [Group NMVYOC to air] 6. 2700E-01
iso-Butyraldehyde [Group NMVOC ta air] 5 1400E-01
isa-Pentane [CGroup NMYOC to air] 4. 0800E-01
Isoprene [Group NMVOC to air] 16 2 1.0920E+00
isu-Propyl acelate [Group NMVOC 1o air] 2.1 100E-01
meta-Ethyitoluene [Group NMYOC to air] 1.OI20EHID
Methane [Organic emissions to air (group VOC)] 6.(000E-03
Methane (biotic) | Air) 6. 0000E-03
Methanol [Group NMVOC to air] L4000E-01
Methyl fermate [Group NMVOC to air] 2. TO00E-02
Methyl isopropylkctane [Group NMVOC to air] 3 GADOE-D]
Methyl propyl Ketone [Group NMVOC to ait] 5 4BO0E-0]
Methyl tert-butylether [Group NMYOC to uir] |.7SINHE-01]
Methyl tert-butylketone [Ciroup NMYQC 1o air] > 3.2300E-
Meopentane [Group NMVYOC to air] 1. T300E-01
Mitrogen dioxide [Inorganic emissions (o air] 2 B00DE-02
Mitrogen oxides [Inorganic emissions to air] E.Eﬂﬂﬂg-ﬂz
NMVOC {unspecified) [Group NMVOC to air] 3.6401E-01
Nonane [Group NMVOC to air] 4. 1400E-01
artho-Ethyltoluene [Group NMVOC to air] §:/4008-01
sara-Ethyliolugae [Group NMVOC to air] 9 06O0UE-O!
Pentanaldehyde [Group NMVOC toair] ! f jﬂFJ zatl
Pentane (n=pcntane) [Group T VO to air] ﬁ_ij{}i}E_.-'D]
Propane [Group NMVOC to gir] : ;;;Hﬂ]:f:]:'
 Propene (propylene) [Group NMVOC t air] TOR00E-01

Propionaldehyde [Group NMVOC to air]
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Propionic acid {propane acid) [Group NMVOC 1o air] 1. 5000E-01
Propylene glyeol [Organic intermediate products] 4. 5TE-01]
~sec-Butanol [Group NMYOC 1o air] 4.0000E-01
sec-Buty| acetate [Group NMVOC 1o air] 2 TS00E-0
Styrene [Group NMVYOC to air] 1. 4200E-01]
Sulphur dioxide [Inorganic emissions 1o air] 4 BOOE-02
tertiary-Butanol [Group NMVOC to air| 1.0G00E-01
tertiary-Butyl acetate [Group NMVOC 1o g r] 5.3000E-02
Taluene (methyl benzene) [Group NMYOC 1o ir] 6.3700E-01
trans-2-Butene [Group NMVOC 1o air] 1 1320E+00
trans-2-Hexene [Group NMVOC to air] 1L.OTI0E~+(N)
trans-2-Pentene [Group NMVOC to air] 111 TOE+()
trans-Dichlorocthene [Halogenated organic emissions 1o air] 3.9200E-01
VOC [Organic emissions to fresh water] 1.1340E-01
VOC [Crganic emissions to sea water] 1.1340E-
VOC (unspecificd) [Organic emissions to air (group VOC]] 1. 1340E-0]
Xylene (dimethyl benzene) [Group NMVOC 1o aair] 1OGOOE+O0
Xylene (meta-Xylene; 1,3-Dimethylbenzenc) [Group NMVOC to air] L. LOBOEATH)
Xylene {ortho-Xylenc; | ,2-Dimethylbenzene) [Group NMVOC o &ir] LOA3OE+HOD
Xylene (para-Xylene; 1.4-Dimethylbenzene) [Group NMVOC to air] 1.0100E+00
.--"'-H-
— ---""-_.__-_'ﬁ_
————'-'-.-—__
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APPENDIX E6: CML. 2001, HUMAN TOXICITY POTENTIAL

Flow

Alkene (unspecified) [Group NMYOC ta ajr kgglfﬁg-sgq;:‘
Ammonia [Inerganic emissions to air] l MIE:HL
Anthracene [Group PAH to air] S-HHZE—I:'.II
Anthracene [Organic emissions to agricultural a0 5-.'Ir4ﬁ3E-IJI

Anthracene [Organic emissions to industrial g0l

1 9814E-02

Anthracene [Hydrocarbons to s2a water]

1. 36GEE-01

Anthracene [Hydrocarbons to fresh water]

20571 E~00

Antimony [Heavy metals 1o agricultural soil

B.BEAZEHO3

Antimony [Heavy metals to air|

Antimony [Fresh water] RS
' : 5. 1415E+03
e we] . 9.50626+02
Arsenic [Heavy metals to fresh water] 9 5062EH2
Arsenic [Heavy metals to industrial soil] T U2ME 03
Arsenic [Heavy metals Lo air] 3 47T0E0S
Arsenic [Heavy metals to agricultural zoil | [ 1.1R11E+04
Arsenic rioxide [Heavy metals to air] LEGSTE+N5
Barium [Inorganic emissions (o fresh water| 6. 3048E+02
Barium [Inorganic emissions to industrial sail] 3 ATUREHD2
Barium [Fresh water] 6.3048E%02
Barium [Inorganic emissions ta sgricultural soil] 3.6280E 102
| Barium [Inorganic emissions bo air] 7.5646E+H02
Barium compounds (unspecified, rel. 1o Bu)j [Inorganic emissions to air] 7.5646E+02
Benzene [Group NMYOC to air] |.B999E+D3
Benzene [Hydrocarbons to ffcélﬁ';-Eer] |.RINYE+)3
Benzene [Organic cmissions (o agricultural seil] | 4506E+04
Reryllium [Inorganic emissions to industrial soi) T.495E+03
Beryllium [Fresh water] — | 3975E+04
Beryllium [Inorganic emissions 10 agricultural soil] 1. 2760E+D4
Beryllium [Inorganic emissions to air] : 2 2663EH)S
Beryllium [Inorganic emissions to fresh water] 1.3975E+H4
Bifenthrin [Pesticides to fresh water] 0.8186E+0]
Bifenthrin [Pesticides to indusirial soil] 2.'}?1_ 1E-01
Bifenthrin [Pesticides to agricultural soil] 2 B5U5EHD
Bifenthrin | Pesticides to sea water| 7 4840E-01
Bifenthrin [Pesticides to air| 1.9421E+01
Butadiena [Group MMVOC to air] 2 2244E+03
Butadiene [Organic emissions to agricultural sail] 3 06EEEHD
Butadicne [Hydrocarbens to fresh water] 6.9924E+03
Cadmium | Heavy metals to industrial soil] (LOGBIEH]]
Cadmium [Heavy melals to fresh water] 22R01EHN |
Cadmium [Heavy metals to air] 1 AS04E+03
Cadmium [Fresh water] 2.2591E+01
Cadmium [Heavy metals to agricultural soil] | .QGESEthT-
Carbon disulpkide [Inorganic emissions (o agriculiural soil] 3.600SE+(H)
Carbon disulphide {Tnorganic emissiens-fe-fresh water] z-j:?”fE*'m
Carbon disulphide [Inorganic emssians to industrial sail] : — l«?lf -'E-*-U'I:
Carbon tetrachloride (tetrachloromethane) [Organic emissions 1© |nd1le1r|a.I soil] 21 il: EE+02
Carbon tetrachloride (tetrachloromethane) [Organie ermissions to agric. s0il] 2 2185E+02
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Chlorobenzene [Organic emissions (o agricultural soil]

Chlorobenzerie [Hﬂ]ng?nﬂtgq OFERIC emissions i B ; TEEE:EE
hlorobenzene [Organic emissions 1o industrial soil] G.E320E-00
Chiororoluene (Benzylchloride) [Halogenated organic emssions (o air] T5312603
T I e P T ——
e e ) [Ha ogenated orgainic emissions to fresh water] 2 3R0BE-(3
: 2 ide} [Organic emissions to agricultural sail] 5.5297E+03
Chromium (unspecified) [Heavy metals to industrial 50il] T OUBAEL02
Chromium (unspecified) [Heavy metals to fresh water] 3 D533EI00
Chromium (unspecified) [Heavy metals to air) 6 AEBAE+02
Chromium (unspecified) [Heavy metals 1o agricultural soil] 5 1277EL03
Chromium +VI [Fresh water] 3 42048100
Chromium +V1 [Heavy metals to agricultural soil] | B5462E+03
Chromium +V1I [Heavy metals to fresh water] T 34253E406
Chromjum +V1 [Heavy metals to sea water| L 6T33E01
Cobalt [Heavy metals to air] L T4T0EH}4
Cobalt [Heavy metals to frash water] $ATOZEHD
Cobalt [Heavy metals to agricultural soil] 2.3854E-+03
Cobalt [Frcsh ‘i"r'ﬂ.ﬁ.‘,:l’] [ 9 GTOZEHO]
Copper [Heavy metals 1o air] [ 3.2950E+13
Copper [Fresh waler] 13393 EHM
Copper [Heavy metals to agricultural soil| 9 3RSTEHD]
Copper [Heavy metals to industrial soil] | 2545E4+00
| Copper [Heavy metals to fresh water] [ 3393E+00)
Cypermethrin [Pesticides to air] x |.G643E+02
Cypermethrin [Pesticides to industrial soil] L.B46TE-0D
Cypermethrin [Pesticides to agricultural scil] 5. 2032E+03
Cypermethrin [Pesticides to fresh water] S.S4ERE 00
Dichloroethane {1, 2-Dichloroethane) [Crganic crmissions o agricultural soil] | | 289TEHNG
Dichloroethane (1.2-Dichloroethane) [Organic enissions to indusirial soil] | 366GREHD
Dichloroethane (ethylene dichlornde) [Halogenated organic cmissions 10 air] B &G TTE+00
[ichloromethane (methylene chlonide) [Halogenated organic emissions to sea 2.9849E-01
water] d
Dichloromethane (methylene chloride) [Organic emissions Lo agriculiural soil] 2 4473E+00
Dichloromethane (methylene chlorde) [Organic emissions to indusirial soil] | L29BIETDD
Dichloromethane {111»7.‘.'1113‘[;-1[.' chloride) [Halogenated organic emissions to air] 1975 |E+D0
Dust (PM10) [Particles toar] ; 8. 2000E-01
| Dust (PM2,5 - PM10) [Particles to ai] 8. 2000E-01
Dust (PM2.5) [Particles 1o air] B.2000E-01
Dust {unsﬁcéiﬁcd] [Particles to air] 24600E-01
Ethene (cthylene) ;(}rg:;nic cmissions to industrial soil] (. 1737E-01
Ethene (ethylene) [Hydrocarbons to sca water] 47072E-02 |
Ethene (ethylene) [Organic emissions to agricultural soil] T T956E-01
Ethene (ethylene) [Group NMYOC to air] _ 6.3675E-01
Ethene (ethylene) | Hydrocarbons to fresh water] fs.Sai-ﬂfE-ﬂl
Ethyl benzene [Organic emissions to industrial soil] 5.0193E-M
Ethyl benzeré [Organic emissions to agricultural soil] 75275E-01 |
Ethyl befizenc [H}\dmca.rbunsftﬁﬁTSF water] H-M]Ef"}l
Ethyl benzene [Group NMYOC Lo air] 97321 E-0]
Ethylene oxide [Hydrocarbons to fresh water] bt
FEThylene oxide [Organic emissions to industrial soil] 4.5773E+03
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Formaldehyde (methanal) |Group NMVOX 10 ) _ﬁ
{ methanal | ermmon 1o sdustral o] | ol

Glyphosate 10 563 water] | S |

_Glyphosate [Pesticides 1o fresh water) Y P
Glyphosate ?ﬂﬂlhm-ﬂ] ‘“’w——

[ P i e

[usicices & i} Vi)
Graphites [Particles 1o ar] T
L chlonde K emessions 1o air) .

Buoride cmussions 1o ae 3 WS8E -0

| Hydrogen fluoride (hydrofluoric acid) [Inorganic emussions 1o LA |
e s s lnrpe o S|

(hydrofluoric acud) [Inorganic emusssons 1o mdustrial sorl | | B9t a)

| Hydrogen sulphide [Inorganic emissions to arr)
| Lead [Heavy metals to fresh water] | 2360€ -0
Lead [Heavy metals to agricultural soil) 1 2807E 0
Lead (Fresh water] | 22008 40|
Lead [Heavy metals to air] 4 hATE vl
Lead [Heavy metals to industrial soil] 1901 B0l
Mercury [Heavy metals to wr) )
“ﬂﬂlﬁ“"" metals to agnicultural soul) CO212E+0)

[ Mercury (Fresh water] | A0k +0) |
Mercury [Heavy metals 1o fresh water] | 42608 -0
Mercury [Heavy metals to industrial soil] | DBOAE +G)
Metals (unspecificd) [Particies to air § 200001

Methyl bromide | ¢ crmssions (o mdustnal 1 6ok 02
Methyl bromide [Organic MHW% I62I8E+02
Metolachlor [Pesticides to agricultural soil] > LISE~0) |
Metolachior [Pesticides 1o industrial soil] | (WOE-0 |
Metolachlor [Pesticides to fresh water] S S4I6E-D|
Metolachlor [Pesticides to air] 15TT1E+0
Molybdenum [Fresh water| §81 k00 |
Molybdenum [Heavy metals 1o ar] )
Molybdenum [Heavy metals 1o ficsh water | S S ATE-D)
Molybdenum [Heavy metals to agricuttural sol] L )
Nickel [Heavy metals to air] , VALVIE o4
Nickel [Heavy metals to fresh water| ) Sioag-02
Nickel [Heavy metals to agncultural sod| 16TIRE-)
Nickel [Fresh water] ) Jiost-a2
Nirogen diovide [lnorganic emssons o] | LIS
Nisogen oxides (imgenic emisecns o &% — TS
| NMVOC (unspecified) [Group NMVOC lomr] __ e
[ Phenol (hydroxy benzene) [Orgamic ermussions to industnal o) "
Phenol ma'%ﬁnﬂhﬂ-ﬂ | BSORE +00
y benzene) 10 fresh water | 49) a0l
s “ﬂl TaMIE-01
_Pipimicarb [Pesticides to agneultural
_“Hmmuiﬂm] | S58E -0
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Pirimicarb [Pesticides to air]

EImissions to sea water]

i ; : 3 435800
Pﬂl}'ﬂhlﬂﬂnﬂicﬂ d*hﬂﬂIG'P-dlmtms (2378-
emissions to air] 1.8 - TCDD) [Halogenated organic 1 9340E+09
Polychlorinated dibenzo-p-dioxins (23.768-T
emissions to fresh water] CDD) [Halogenated organic BSB2TE+08
Palyehlorinated dibenzo-p-dioxins (2,3,7.8 - TCDD) [Halogenated organic 4 14E+08

Palyehlorinated dibenzo-p-dioxins (2,1,7 8-TCDD )
| Caviautiiad soi] . ¥ [Organic emissions to

1.2992E+09

Palychlonnated dibenzo-p-dioxins (2,3,7,8-TCDD) [Organic emissions 1o

Frichlorocihene (isomers) [Organic emissions to industrigl soil]

industrial soil] LOAMRELET
Falyeyshic aromatic hydrocarbon (carcinogen) [Hydrocarbons to fresh water] 2 804TE+0S
:;]Iy]'cyc:hc aromatic hydrocarbons (carcinogenic) [Organic emissions 1o industial 2 T340E+03
Pﬂ]}'l’}'l:lit aromatic h_vdm::arbuns {Eﬂrﬂ'|m5fnj¢} [G roup PAH 1o ﬂiT]‘ 5 T2A0E+05
PG]I}'!‘:}'CHE EID!TIEIII'C h}rdmcarbans {carcinogenic) [DFE;"-H'-_-; crmissions (o 7101 SE+04
| agriculiural soil]
Propylene oxide [Hydrocarbons to fresh water] 2.6430E403
Propylene oxide [Hydrocarbons to sea water] 1.5845E+01
Propylene oxide [Group NMVOC to ar] I.2624E+03
Propylene oxide [Organic emissions to industrial soil] S.ET4IE+02
Propylene oxide [Organic emissions to agricultural soil] 2 1959E+05
| Selenium [Heavy metals to air] 4. TORTEH)S
Selenium [Heavy metals to sea water] 6. 291 BE+04
Selenium [Heavy metals 1o agricultural soil] 2 RE63FEHM
Selenium [Heavy metals to fresh waier] 5.6011E+04
Selenium [Fresh water] 3601 1E+-04
Styrene |Hydrocarbons to sea water] [.OI8TE-02
Styrene [Organic emissions to industrial soil] |.7503E-02
Styrene [Group NMVOC to-air] 4.73185E-02
| Styrene [Organic enissions to agncultural soil] 4. TT0BE-01
Styrene [Hydrocarbons to fresh water] B.5066E-02
Silivon dioxide (silica) [Particles to ir] 5.2000E-01
Sulphur dioxide [Inorganic emissions to air] 9.6000E-02
Tetrachloroethene (perchloroethylene) [Organic emissions o industrial soil] 3. 1591 E+00
Tetrachloroethene (perchloroethylene) [Organie enissions to agriculiural soil] G.423TE+00
Thallium [Heavy metals to air] 4.3219E+05
Thallium [Heavy metals to fresh water] 2.2512E+05
Thallium [Heavy metals to agricubural soil] 201TIE+06
Thallium [Heavy metals to industrial soil] LITTIE+OS
Thallium [Fresh water] 2.2512E+05
Tin [Heavy metals to industnzl soil] 5.4 73E-01
Tin [Heavy metals to air] 1.7341E+00
Tin [Fresh water] |.7320E-02
Tin [Heavy metals to agricultural soil | 1.3139EH]
Tin [Heavy metals to fresh water] | 7320E-02
| Tolusene (methyl benzene) [Organic emissions to agricultural soil] 3 4662E-01
Toluene (methy! benzene) [Hydrocarbons to fresh water] 3.0276E-01
Toluene{ methyl benzene) [Wn industrial soil] 2.0805E-01
Toluene (methy! benzenc) [Group NMVOC to air] S AETEE)
Trichloroethene {isomers) [Organic emissions to agricultural soil] ; l‘:‘:::::
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Trichloromethane (chloroform) [Organic emissions 1o

' industrial soil] 1.00T2E+01

| 'l‘nr:hh:flmn:ﬂmne (chloroform) [Organic emissions to agricultural soil] 1.4139E+01
Vanudium [Heavy metals to air] 62303 E+03
Vanadiurn [Heavy metals to agricultural soil] 1 ng@
Vunadium [Fresh 'Wﬂﬂlri 1 I6I0E<ID
Vanadium [Heavy metals to fresh water] 3 1630E+03
"-’":?I]ﬂhlﬂﬁdf (VCM; chloroethenc) [Halogenated organic emissions fo sen 4.3605E+01
water
Vinyl chioride (VCM; chloroethene) [Halogenated organic emissions 1o air] 8.4333E+01
Viny] chlonide (VCM; chiaroethene) [Organic emissions to industrial soil] 8.2610E+01
Vinyl chloride (VCM; chlorcethene) [Organic emissions to agricultural soil] 51651 E+02
VOC [Organic emissions to fresh water] I.7546E-02
VOC [Organic emissions to sea waler) I.7546E-02
VOC (unspecified) [Organic emissions (o air (group VOC )] 1.7546E-02
Xylene (dimethyl benzene) [Group NMVOC to air) 6. S000E-02
Xylene (isomers; dimethyl benzene) [Hyvdrocarbons 1o fresh water] A T071E-01
Xylene (meta-Xylene; 1,3-Dimethylbenzene) [Group NMVOC toair] 2.7149E-02
X}{H-‘ME (meta-Xylene, |,3-Dimethylbenzene) [Qrganic emissions to agricultural 3. B050E+00
50
Xylene (meta-Xylene, 1,3-Dimethylbenzene) [Hydrocarbons to sea water| 1.0335E-02
Xylene (meta-Xylene; 1,3-Dimethylbenzene) [Hydrecarbons to frech wate r] 1IGTRE-O1
Xylene (meta-Xylene; 1,3-1Jimethylbenzene) [Organic emissions to industrial |.REGRE-02
s0il]
Zing [Heavy metals 1o sea water] 3, 2000E-+00
Zinc [Fresh water] 5.8395E-01
Zine [Heavy metals to fresh water| 5.8305E-01
Zine [Heavy metsls fo agricultural soil] 6.3745E-01
Zine [Heavy metals to air) 1.0444E+02
Zine [Heavy metals to industrial soil] 4.2213E-01
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APPENDIX E7: CML 2001, FRESHWATER AQUATIC ECOTOXICITY

POTENTIAL
“Flow
mtﬂyﬁnﬂ_wiﬂ—i 34
Acrokein [Onganic emussions 10 ndurial ) (.
| Acrolew [Organic emusssons 1o agricultural sl 4 et
Alkene (unspecified) [Group NMVOC 1o awr] T ST
Antimony [Heavy metals 1o awr] LI |
Antismeny water (K2 I
_ metals 10 sl e
Arsenic [Heavy metals 1o indusirial orl KI5
Arsenic metals 10 agricultural sorl) B
Arsenic [Heavy metals 1o air) L0l |
Arsenic [Heavy metals 1o fresh water) TS0
Arsenic water) A TeE0
Barium [Inorganic emissions 1o industrial soil| | aTE-a2
Barium [Inorganic emissions to agncultaral sor) | 1A NE-a2
Barium [Inorganic emissions fo fresh water] | 33TsE0R |
Barium I CMISSI004 10 air | | 428230 +0)
Barium [Fresh water Tk
Barium compounds (unspecified. rel 10 Ba) [ Inorgamc emsssions 10 ar | A2R23E+01
Benzene [Hydrocarbons 1o fresh wascr| S |
Benzene [Group NMVOC 10 air) 8 Y 00€ 08
Benzene [Organic emissions 1o 1] T IS4
Beryllum [Inorganic emissions o industrial soil) LARRE

I ic emissions 1o air 171 MOE <0
%r;fh?:-mﬁm-umﬂ] Ve
Berylhum i emissions 1o agnicultural sod] ASPAE
"Boryllium (Presh water] - SANSE-0F |
Bifenthrin [Pesticides to agncultural soll] 10319602
Bifenthrin [Pesticides to air] R 8 2oaig -0z
Bifenthrn [Pesticides to industrial soil| 41194802
Bifenthrin [Pesticides 1o fresh water| ~h
“Butadiene [Group NMVOC to air] ) 2So0k-07
Butadicne crmussions to industrial soil] 3 6800803
Butadiene [Organic emissions 1o agncultural soil] 3
Butadiene [Hydrocarbons to fresh water] 2 sk <0
T e S GO00E-O
'mﬂ@n"i cavy metals to industrial h Tl ka2
Cadmium [Heavy metals 1o agnicultural sor] TRIGE
Cadmium Heavy metals 1o ar] IWE-m
“Cadmium [Heavy metals to fresh water) iS0E-a |
Cadmium [Fresh water] me
Corbon disulphide [looganc cmisoms toscawate] L SSEET
Carbon & p———l s Lk o] 1m1

sulpbide [Inorgane cussions 1o agrcuturs sox] 2]

. — T WIED!

Carbon tetrachionde (tetrachloromethane | [Organsc emsisions 1o agrculiorsl SeaTEDE
soil] Tictrachloromethant ) [[IAJOpEnaed orpanc CTESSIONS 10 44 | WrAGE
waler |




Carbon tetrachloride (tetrachloromethane) [Organic emissions to industrial soil|

5044 TE-(4
et St [ et |
Chlorotoluenc {Ewilchlg:de} [gaing‘f’m’# SEAIC SIEMICRS W ] 7.5701E-01
e ey e e) [ rganic emissions 1o .ﬂgﬂl.:uh.uml sq‘l] 9.1737E-01

. syl oride) [Organic emissions to industrial 50il] 1. 134RE+00
E.'hmn'u.ul'l‘l !,mspaﬂlﬁﬂd] [HEEL\"}' metals o agri;uhm] 50"] £ 1S4TE-00
Chromium (unspecified) [Heavy metals to fresh warer] 6.9139E-00
CJ'IT‘CI]TI]:IJI'!‘I {unspecified) [Heavy metals 1o air] | D136E+00

| Chromium (unspecificd) [Heavy metals to industrial 50il] 3 354TE-00
Chmrrn.urn +V[ [Heayy metals to fresh water] = GOOGE+00
Chromium +VI [Heayy metals to agricultural soil] 2.1019E+01
Chromium ~V1 [Fresh water| 2. 7656E+H01
Cobalt [Heavy metals to fresh water| JA0TRE+O3
Cobalt [Fresh water] JA0TBE+03
Cobalt [Heavy metals to agricultural soil] L.7126E+03
Cobalt [Heavy metals to air] 6.3919E+02
Copper [Heavy metals to fresh water] 1.1STIEHO3
Copper [Heavy metals to industrial soil] 5.9465E+)2
Copper [Heavy metals to air] 22165E+02
Copper [Heavy metals to agricultural soil) 5.9465E402
Copper [Fresh water] | 15 TAE+3
Ethene {ethylene) [Organic emissions to agricultural soil | 1 1300E-09
Ethene (ethylene) [Group NMVOC 1o air] 1 4300E-11
Ethene (ethylene) [Organic emissions to industrial soil] 1.1300E-09
Ethene (athylene) [Hydrocarbons to fresh water] 2.2401E-02
Ethyl benzene [Group NMVOC to air] 1.3123E-04
-EE}rI_fl-}nﬂimc [Hydroearbons to fresh water] S.4552E-01
Ethy| benzene [Organic enuissions to agricultural seil] |.7536E-03
Ethyl benzens [Organic emissions to indusirial soif |.7766E-03
Formaldehyde (methanal) [Orzanic emissions to agricultural soil] | 4679E+01
Formaldehyde (methanal ) [Organicemissions o industrial sail] 4.4 198E+01
Formaldehyde (methanal) [Group NMVOC to air) 8.2559E+00
Glyphosate [Pesticides to air] 2.1933E+01
Gilyphoesate [Pesticides to industrial soil] 167 19EH)
Glyphosate [Pesticides to agriculwral soil] 0.2165E-01
Glyphosate [Pesticides to fresh water] |.3682E+03
Hyvdrogen fuoride [Inorganic emissions to air] 4,6385E+D0
Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to industrial soil] 0. 3855E+00
Hwvdrogen fluoride (hydrofluoric acid) [Inorganic emissions o fresh water] L.E7TIE+D]
Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to agricullural soil] 3. 3855E+00
L.ead [Heavy metals to indusinal soil] 6.5278E+00
Lead [Heavy metals to 2ir] 2 3996E+00
Lead [Heavy metals to agricultural soil] 6.52TRE+H)
Lead [Fresh water] 9.6157E+00
Lead [Heavy metals to fresh water] 9,61 5TEHM
wercury [Heayy metals to air] 3 6TYEFD2
Mercury [Heavy metals to fresh water] 1.7171E+03
Mercury [Heavy metals to agricultural soil] RARI3E+02
Mercury [Fresh water] ;1;';‘;;:;;
Mercury [Heavy metals to industrial soil] TN

Metolachlor [Pesticides to air]
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Metolachlor [Pesticides 1o fresh water]

emissions to fresh water]

Metolachlor [Pesticides 1o industrial soj ] ;::‘-‘9?‘:2‘{]:
Metolachlor [Pesticides to agricultural s0il] 1 .39}‘? I::E‘l
Mulybdenum [Fresh water| 4-?&1 9 E-ru;—‘
Molybdenum [Heavy metals to fresh watcr] 4'7:.1 'JEHJ;:
Maolybdenum | Heavy metals 1o air] *JITJ. [OE-+01]
Molybdenum [Heavy metals 1a agricultural soil] ;‘-‘,IGIU‘?EHP
N?phthalene [Orgganic emissions to industrial soil] ]:Zd‘HF*{JT
Nickel [Heavy metals to air| 3 ggq'.rE',- 2
Nickel [Fresh water] 323T6E+03
Nickel [Ieavy metals tw agricultural soil] |L.69DIE+03
Nickel [Heavy metals to fresh water] 3.2376E+03
NMVOC (unspecified) [Group NMVOC to air] 4.9538E-02
Phenol (hydroxy benzene) [Oroanic emissions to agricultural soil] JAGR4E+00
Phenel (hydroxy henzene) [Hydrocarbons to fresh water] 23701 E+2
Phenol (hydroxy benzene) [Organic emissions to industrial soil] 1.2702E+01
Pirimicarb [Pesticides to industrial soil] 5.2200E+03
Pirimicarb [Pesticides to air] 2,3995E+03
Pirimicarb [Pesticides 1o agricultural svil] 1 .6TOZEH3
Pirimicarb [Pesticides 1o fresh water] 3.5841 E+H4
Polychlotinated dibenzo-p-dioxins (2,3,7,8 - TCDD) [Halogenated organic 2 1268E+06
cnussions o gir] j

Polychlorinated dibenzo-p-dioxing (2,3,7,8 - TCDD) [Halogenated oreanic 1.7276E+08

Polychiorinated dibenzo-p-dioxins (2,3,7,6-TCDD} [Organic emissions to
ricultural soil

1.2311E+05

Polychlorinated dibenzo-p-dioxins (2,3,7, 8<TCD0) | Organic emissions (o 49121 E+05
indusirial soil]
| Polyeyelic aromatic hydrecarbon (carcinogen) [Hydrocartbons o fresh water] 2.754E+04
| Polycyclic aromatic hydrocarbons (zarcinogenic) [Organic emissions to 5. E4U1 B+
agriculmral soil]
Polycyelic aromatic hydrocarbons (carcinogenic) [Group PAH to air] 1.7183E+02

Polyveyelic aromatic hydrocarbons (carcinogenic) [Organic emissions to industrial
soil]

2.3146E+02

Thallium[Heavy metals to industesstsert]— —

Selenium [Heavy metals to fresh water] 29192E403
Selenium [Heavy metals to agricultural soil] | 4634E+03
Selenium [Heavy metals to ar ] S4024E+02
Selenium [Fresh water] 2.9192E+H03
Styrene [Group NMYOC to air] 3.0900E-05
Styrene [Organic cmissions to agnen!tural £oil] 1.3362E-03
Styrene [Hydrocarbons to fresh water] 4.3967E-01
Styrene [Organic emissions to industrial soil] 2.6454E-03
Tetrachlorpethene (perchloroethylene) [Halogenated Drganic emissions i sed 2.0211E-04
water
']‘etraghiurnerhenc {perchloroethylene) [Organic emissions to agricultural soil] 2.2301E-03
Tetrachloroethene (perchloroethylene) [Organic emissions to industrial soil] 2.2301E-03
Thallium [Fresh water] B.0107EH03
Thallium [Heavy metals to agricultural soil] 4.1704E+03
i 4.1704E+03

Thallium [Heavy metals to fresh water]

E0107E+H3

Thallium [Heavy metals to air]

1.5533E+03

_LiswHeavy metals to air)

2:5370E+00
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Tin [Heavy metals 1o fresh water]

LOTGGE+(
Tin [Heavy metals to industrial 50l 6.901 SE+00
Tin [Fresh water] | DIGGE+01
| Tin [Heavy meials to agncultural soi) 6,901 SE+00
Toluene (methyl benzene) [Group NMVOC 1o air] 7.0400E-05
Toluene (methyl benzene) [Organic emissions to industrial s0i] |.0S35E-03
Taluene (methyl benzene) [Organic emissions to agricultural 50il] 1.0535E-03
Toluene (methyl benzene) [Hydrocarbons to fresh water] 29451 E-01
Trichloroethane (Isomers) [Halogenated organic emissions to sea water] 7. 1000E-03
Trichloroethene (isomers) [Organic emissions to agricultural soil] 4.6226E-04
Trichloroethene (isomers) [Organic emissions 1o industrial soil] 4.6226E-04
Trichloremethanc (chioroform) [Organic emissions o industrial sail] 4.7395E-04
Trichlurumethane ( chloroform) [Organic emissions to agricultural soil] 4.7395E-04
Vanadium [Heavy metals 1o fresh water] ) 8.9657E+03
Vanadium [Fresh water] B96STE+D3
Vanadium [Heavy metals to air] 1.7338E+03
Vanadium [Heavy metals to agriculiural soil] 4.6542E+03
| VOC [Organic enussions to fresh water] |.4861 E-02
| VOC {unspecified) [Organic emissiuns to air (group Vo) 1.486]1 E-02
Zine [Heavy metals to (resh water] 8. 1712E+01
| &ing [Fresh water] 0 1712E+0]
| Zinc [Heavy metals to agricultural soil] 4.7745E+01
| Zinc [Heavy metals to industrial snil] 4.7745E+01
. Zine [Heavy metals to air] L7784E+01 |
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APPENDIX ES:

Flow

CML 2001, TERRESTRIAL ECOTOXICITY POTENTIAL

_ Acrolein [Hydrocarbons to fresh warer] kgn;g;gﬂ:::
Acrolein [Organic emissions Lo industrial soil] ;-g 53 1EHDD
Agrolein [Organic emissions to agriculnural soi] 6-953 1E+D3
Alkene (unspecified) [Group NMVOC to air] 1.35%5_ l:‘
Am.lﬂ.'.{im: [Pesticides to sea water] ?:mDDEr ta
Anilazine [Pesticides to air| S 1524 -2
Antimony [Heavy metals 1o air] G, 107 | E-l§]
Antimony [Fresh water] LeBDOE-20
Antimony [Heavy metals to agricultural sgil] L.2533E-+M)
Antimony [Heavy metals to sca water] 2.9600E-20
Arsenie [Heavy metals to industrial soil] JA35TEHDY
Arsenic [Heavy metals to agricultural soil] 1.3357E+03
Arsenic [Heavy metals to air] .GO9 B+
Arsemic [Heavy metals to fresh water] 1.0400E-17
Arsenic [Fresh water] LO400E-17 |
Arsenic trioxide [Heavy metals to air] | 3350E+03 |
Harium [Inorganic emigsions to industrial soil] é 9.9709E+HID
Barium [Inorganic emissions to agricultural soil] 39709 E-HI0
Barium [Inorganic emissions to fresh water) S.0800E-19
Barium [Inorganic emissions to wir] 4.8398E-+00
Barium [Fresh water] S.AIRME-19
Barium compounds (unspecified; rel. to Ba) [Inorganic emissions to air| 4, B39EEHIN
Benzene [Hydrocarbons 1o fresh water] 1 3TIHE-S
Benzene [Group NMVOC to air] | S600E-05
Benzene [Organic emissions to agricultural o) 3 436TE-03
Benzo {a} pyrene [Group PAH 1o air] 24115E-01
Benzo {a} pyrene [Organic emissions to agricultural soil) £ 2 2933E+01
Beryllium [Inorganic emissions to industrial soil] 1 AMTE+
Beryllium [Inorganic enissions to air] 1 76T0E+03
Beryllium [Inorganic emissions ta fresh water] 3A000E-16
Beryllium [Inorganic emissions to agricultural soil] 3624TL+03
Beryllium [Fresh water] 3 3000E-16
Bifenthrin [Pesticides to sea water] 5.9355E-4
Bifenthrin | Pesticides to agriculural sail] 8.3310E+01
Bifenthrin [Pesticides to air - S78I5E+D0
Bifenthrin [Pesticides to industrial soil] B3ISO0F+01
Bifenthrin [Pesticides to fresh waler] 2. 1023E-02

| Cadmium [Heavy metals to industrial soil| | 6681 E+02
Cadmium [Heavy metals to agricultural soil] 1603 1% 402
Cadmium [Heavy metals to air] 8.1249E+01
Cadmium [Heavy metals to fresh walcr] Lm SRl
Cadmium [Fresh water] o il

4 EOSEE-D3

Carbon disulphide [Inorganic emissions te fresh water]

Carbon disulphide [Inorganic emissions to agricultural soil]

[L.G3EEC+ON0

Carbon disulphide [Inorganic emssiersto-miustrial seil]

LGIBREOD

Uhlorobenzene [Organic emissions Lo industrial soil}

Carbon tetrachloride (tetrachloromethane ) [Organic emissions to agricultural 2.0686E-03
soil] . : ; e

Carbon tetrachloride (tetrachloromethane) [Organic emissions to industrial soil] 2 0686E-03
' 11747601
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Cessions 10 L IE-00
Sohucne ) rE i T T
2 Orpans crmumons W aet] 1661
s (e xT: eoiotens o ool s o
e onde) [Orpest cowioms to bl w] | TS0
| Chromium (unspecified) Hesvy metah o agricuhra s e NnEe
_Chromum {unspecified) Heavy metals 1o fresh water] T
Chromium (unspecified) [Heavy metabioar] | Jadlibs
Chromium (unspecified) [Heavy metals 10 industrial sonl]
| Chromium +V1 [Heavy metalsto freshwater] | Jadiiken
{ Chromium + V1 [Heavy metals o agriculiural sou] ey |
Chrorium Vi (Presh wter] LI00E-19
MIHHU'}'WHHI’H] 2600k~ 18
| Cobult [Fresh water 2690018
Cobalt [Heavy metals to agncultural soil) 1001E02
Cobalt [Heavy metals to air] TORTIE~02
Copper [Heavy metals to fresh water) 4 O600E-21
Copper [Heavy metals 1o industrial soil) 1 AM0E +01
Copper [Heavy metals to air] 6991 VE 00
Copper [Heavy metals 1o agricultural soil] 1| AMDE +411
Copper [Fresh water] 4 DOIOE-21
Ethene (ethylene) [Organic emissions to agricultural soil] 2 600k -9
Ethene (ethylene) [Group NMVOC o air] 1 3S00E-1 2
Ethene (ethylene) [Organic emissions to m soil| 2 2600E-07
Ethenc (cthylenc) [Hydrocarbons 1o fresh water] i1 200E-12
Ethoprophos [Pesticides to fresh water] 23536E-01
Ethyl benzene [Group NMVOC 1o air] | AMOE-6
Ethyl benzene [Hydrocarbons 1o fresh watcr) ~ |1 HO0E-06
Ethyl benzene [Organic emissions to soil] 1.9 THE-03
| Ethyl benzene [Organic emissions to industrial soil) | 9207E-08
Eﬂwlene axide [Hydrocarbons 1o sea water| :.mmi
| Ethylene oxide [Organic emissions to industrial sol] J :
Ethylene oxide [Orgamie emissions to agnecu'tural soil | ”nmm
Ethylene oxide [Group NMVOC 1o air] — a5
Ethylenc oxide [Hydrocarbons to fresh water T2E-03
Formaldehyde [nﬂuﬂ][&gﬁ:m 0 agncultural soal} :;?;:x
Formaldehyde (methanal) emussions l industrial soi) : I
Formaldehyde (methanal) [Group NMVOC 10 arr ‘HmHH'w
Glyphaosate [Pesticides to air] :
Glyphosate [Pesticides to industrial soil] ‘.m
Glyphosate [‘meﬁlu_lpmdmnl sonl] 1‘34'-'5‘“1_#__
ﬁ!;rplum [quuhﬁ-dim] 11%
OrgAnIc cmissions to aur | ﬁmmﬁﬂl
i1 l| i ‘
1 . i 1
ord acid) [Inorganic cmussions 10 agneultural sodl] | ]_mmm .
Lead [Heavy metals 1o industrial soil] ITi-g'lEvll
etals 10 1 ) 2518E+01
Lead [Heavy metals to agncultural so]
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——Styrenc [Organic cmissions to agricultural soil]

| Lead [Fresh warer]

| Lead [Heavy metals to fresh water] ::T'in}:]}:;j;
Mercury [Heavy metals to air] :-‘_.-H] 1]F-|{I|d
Mercury [Heavy metals to fresh water] ﬂ.lllliéml
Mercury [I-!ea'u}f metals to agricultural sail] 5.5994E+04
Mercury [Fresh water| 030336403
Mercury [Heavy metals to industrial soil) 5 S004E04
Metolachlor [Pesticides to air] 1. 1257E-01
Metolachlor [Pesticides to fresh water] 2131 1E-04
Metolachlor [Pesticides to industrial soil| 4.1316E-01
Metolachlor [Pesticides to agricultural soil] 5. 3TTOE-0]
Maolybdenum [Fresh water| 2 3100E-18
Molybdenum [Heavy metals to fresh water] 2 3100E-18
Molybdenum [Heavy metals to air] 1.7538E+D]
Molybdenum [Heavy metals to agricultural soil] 361436+
Nickel [Heavy metals to arr] 1. 1604E+02
Nickel [Fresh water] 1 O300E-18
Nickel [Heavy metals to agricultural soil] 2.3B55E+02
Mickel [Heavy metals to fresh water] 1 O300E-18
Phenol (hydroxy benzene) [Organic emissions to agric ubtural s0il] 4.5277E-02
Phenol (hydroxy benzene) [Hydrocarbons to fresh water] 2.4900E-06
Phenol (hydroxy benzene) [Organic emissions to industrial soil] 4. 1467E-12
Pirimicarb [Pesticides to industrial soil] 9.41 19E+0]
Pirimicarh [Pesticides to air] | 45611EHD!
Pirirmicarb [Pesticades to agricultural soil] | 204 2E+02
Pirimicarb [Pesticides to fresh water] 9.3437E-04
Polychlorinated dibenzo-pedioxins (2,3,7,8 - TCDD) [Halogenated viganic 1 1992E+04
CMissions to air]
Polychloninated dibenzn-p-dioxing (2,3,7.8 - TCDD) [Halogeneted orizanic 5 BTI4E+H2
ermissions to fresh water] =
Polvehlorinated dibenzo-p-dioxing (2,37, 8-TCDD) [Organic emissions o 2EITIEH
agricultural soi1l]
Polychlorinated dibenzo-p-dioxing (2,3.7.8-TCDD) [Organic emissions to ZOM9E+H4
industrial soil] s
Polycyelic aromatic hydrocarbon (carcmogen) [Hydrocarbons to fresh water] ZITIE-03
Polycyclic aromatic hydrocarbons (carcinegenic) [Organic cmissions 1o 6. 3453E+00
agricultural seil]
Palycyelic aromatic hydroearbons (carcinogenic) [Group PAH to air] 1.0192E+00
Palycyclic aromatic hydrocarbons (carcinogenic) [Organic emissions ta industrial 6.27T9E+00
soil
Pﬂ?;‘ﬁycﬂc aromatic hydrocarbons (PAH, unspee.) [Hydrocarbans to sea warer] btk
Propylene oxide [Organic enussions io agricultural soil] 1. 4488E-01
Propylenc oxide [Hydrocarbons to fresh water] 6.4T47TE-04
Propylene oxide [Organic emissions to industrial soil] 1.228RE-(1
Propylene oxide [Group NMVOC to air] 1. 5090E-03
Selemum [Heavy metals to sea watcr] 1. 7600E-17
Selenium [Heavy metals to [resh watcr] ]'550{'?' ke
Selenium [Heavy metals o agricultural soil LAk 0
Scleniunt [Heavy metals toairt— s34l
ftjrsic [Group NMYOG o o] | 14130E-03
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Styrene [Hydrocarbons to fresh water]

Zing [Heavy metals to air]

Styrene [Organic emissions 1o industrial soil] :fﬂ;‘li-tl}
I::‘;hhm (perchloroethylene) [Halogenated organic ermissions 1o sea 4 (09 3E-03
Tetrachloroethene :pcrch!umhm:EEm emissions to agncultural soil) LO2VE-01
Tetrachloroethene (perchlaroethylene) [Organic emissions to industrial soil] 3 0223E-01
Thallium [Fﬂ:ﬁh water] 11 300E-17
Thallium [Heavy metals to agricultural soil] 6. 9K49E+02
| Thallium [Heavy metals to industrial so] 6. 9E49E+(02
Thallium [Heavy metals to fresh water] 3 1 MOE-17
Thallium [Heavy metals to air] 1 W0RE+02
Tin [Heavy metals to air] | A364E+D]
Tin [Heavy metals to fresh water] 7 B600E-22
Tin [Heavy metals to industrial soil ] 1 9808E+0]
Tin [Fresh water] 7 B600E-22
Tin [Heavy metals to agricultural soil] 2 ORURE=0)
Tin oxide [Inorganic emissions to air] | 2658E+01
Toluene (methyl benzene) [Group NMVOC to air] 1 SOE-05
Toluene (methyl benzene) [Organic emissions to industrial soil| 1. B63E-02
Toluene (methyl benzene) [Organic emissions to agricultural soil] | 8634 E-02
Toluene (methyl benzene) [Hydrocarbons 1o fresh water) | 4200E-05
Trichloroethene (isomers) [Organic enussions 1o agricultural soil] 1. 1437E-03
Trnchloroethene (isomers) [Organic ermssions {0 industrial soil | 2.1437E-0)
Trichloromethane (chloroform) [Organic ernissions to industrial soil) 1.5638E-03
Trichloromethane (chloroform) [Halogenated organic emissions 1o sea water| 1. 9100E-05
Trichloromethane (chloroform) [Organic emissions to agricultural soil] | S63RE-03
Vanadium [Heavy metals to fresh water] < 1.0200E-17
Vanadium [Fresh water] 1 .ﬂ.‘![ll}f.-!.?
Vanadium [Heavy metals to air] 6.6523E+02
Vanadium [Heavy metals 1o agricultural soil]) 1.3671E+03
Vanadium [Heavy metals 10 sea weter] 2. 1600E-17
| VOC [Organic emissions 1o fresh water] 1.6917E-03
VOU [Organic emissions to sea water] 1.6917E-03
VOC (unspecified) [Organic emissions to wr (group VOC)] 1.6917E-03
Zinc [Heavy metals to fresh water] 2.5300E-21
Zin [Fresh water] 2.5300E-21
Zinc [Heavy metals to agricultural soil] 2 45R9E+0I
Zine [Heavy metals to industrial soil] 24SBIE+01
1. 1963 E=+01
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