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Preface

The continuously increasing human population (more than 7 billion) has resulted in a
huge demand for processed and packaged food. Food processing and food packaging
have led to a substantial depletion of non-renewable resources. In fact, large amounts
of water, air, electricity and fuel are consumed on a daily basis for food processing,
transportation and preservation purposes. Apart from this, however, the lack of imple-
menting a life cycle analysis (LCA), where all by-products or sub-products of food
processing could effectively enter the Krebs cycle, is an omnipresent reality. All these
incidents have had a very ominous effect on the quality of the environment, which has
continued to deteriorate very rapidly over the last 20-30 years. Despite the agree-
ments stipulated in the Montreal and Kyoto protocols and what was voted within the
frame of the Green and White Bible, the truth is that the environment shows a rapidly
declining trend.

Although the food industry is not one of the most heavily polluting, it contributes
to a considerable extent to this already acute problem. Promising solutions consist of
opting for ‘green’ processing technologies (implying zero/low consumption of non-
renewable resources) in conjunction with usage of by-products and/or waste materi-
als. The latter can prove to be very useful since they contain compounds with
therapeutic actions (i.e. antioxidants in olive oil extraction, aromas in orange juice
extraction). Another very important issue is food packaging materials which account
for almost 5% of the total weight (15% of the total volume) of waste materials. Most
of it is manufactured out of polymeric material (plastic). Recycling is a promising
solution to this problem, but composting, landfilling and, occasionally, incineration
are the most widely employed processes. Although these processes are of low cost,
they do contribute heavily to high environmental pollution as well.

This book consists of 15 chapters, divided into the following parts:

Part 1: Environmental management systems: applications and potential
Part 2: Environmental legislation

Part 3: Waste treatment methodologies

Part 4: Waste treatment methodologies of foods of plant origin

Part 5: Waste treatment methodologies of foods of animal origin

Part 6: Food packaging waste treatment.



Preface xiii

In Part 1, a presentation of the current environmental management systems’ (EMS)
situation is attempted, a comparison of the various EMS is made and emphasis is put
on life cycle analysis because the latter represents one of the most promising and reli-
able approaches in terms of assessing the environmental impact of the employed
processes. In Part 2, the main Directives of the EU and Acts of the USA and Canada
are given in the form of comprehensive tables accompanied by the main points and a
text summary. It is evident that EU legislation is much more flexible and changeable
(many amendments in a short period) than the respective USA and Canadian legisla-
tion. Part 3 (Chapter 6) describes the various waste treatment methodologies such as
drying, landfilling, thermal processes (incineration, pyrolysis, combustion), composting,
anaerobic digestion, bioremediation, ozonation, electrolysis, evaporation, coagulation/
precipitation. Informative tables are given where the method characteristics, advan-
tages and disadvantages are included. Though a comprehensive chapter, it could have
been much longer in view of the great number of waste treatment methods employed.
Part 4 includes waste treatment methods of selected foods of plant origin (grape/wine,
olive/olive oil, orange/lemon/juice, sugarcane/sugar, almond, wheat, maize, barley,
rye) and the potential uses of treated waste. Part 5 follows the same line as Part 4 but
is focused on waste treatment methods of foods of animal origin (meat, dairy and fish)
and the potential use of their treated waste. Finally, Part 6 is a very comprehensive
chapter covering all the packaging materials for food applications such as plastics,
glass, carton, paper, metal, aluminum and combinations.

The aim of this book is to provide both general and practical knowledge and infor-
mation about the current and potential waste treatment methods. It also contains
extensive and thorough information related to the uses/applications of the ensuing
treated waste. The large amount of updated information (many informative tables for
waste treatment methodologies, treated waste uses and more than 3000 references) in
this book will make it very useful to industrialists, academics and researchers.

loannis S. Arvanitoyannis
Associate Professor, UTH, Hellas (Greece)
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4 Waste Management for the Food Industries

Current state of Environmental Management
System (EMS) implementation

The management of environmental issues is of growing interest nowadays. There is a
need to understand the important environmental impacts on the community and then
consider the advantages and disadvantages associated with various levels of environ-
mental management (Norman, 1997). The Ministers of Environment of the United
Nations Economic Commission for Europe (UN/ECE) reaffirmed their strong com-
mitment, developed over the three previous Ministerial Conferences in Dobris (1991),
Lucerne (1993) and Sofia (1995), to cooperate on environmental protection within the
ECE region. They committed themselves to comply with the obligations arising from
the stipulated declaration and environmental conventions. They promised to enhance
their efforts toward a sustainable development by supporting the work of the United
Nations Environment Programme (UNEP) and other global organization conventions
(4th Ministerial Conference) (Boudouropoulos and Arvanitoyannis, 1999, 2000).

Emissions and wastewater management

Consideration of environmental issues is growing, bringing about the need for more
sophisticated control of industrial emissions and waste and faster and more advanced
on-board diagnosis (Spetz et al., 1998). Pollution can originate from mobile (emissions
for vehicles) or stationary sources (industries) (Treshow and Anderson, 1991). There
is a growing interest in reaching zero emission in power plants, similarly to hazard analy-
sis and critical control points (HACCP) for zero-defective products (Spetz et al., 1998).
Quantification, control and modeling of wastewater emissions received greater attention
in 1999. The Clean Air Act Amendments (CAA) have established regulatory require-
ments which considerably affected wastewater operations (De Hollander, 1998). The
Water Environment Federation (WEF) sponsored a conference on water re-use and
water reclamation (Van Riper and Geselbracht, 1998).

Chemical sensors operating at high temperatures and fast enough to record infini-
tesimal time changes between an oxidizing and reducing ambient can be used for
cylinder-specific monitoring of petrol car engines. Gas molecules, like carbon
monoxide, reacting with oxygen will lower the sensor signal, while decomposition of
nitric oxide releases oxygen on the surface leading to a stronger sensor signal (Spetz
et al., 1998). The first report on gas-sensitive field-effect devices based on silicon
with a catalytic gate of palladium was published in 1975 (Lundstrom et al., 1975).
Chemical sensors with catalytic metal gates operating at high temperatures provided
new horizons for emission control. Their operation principle is very simple and based
on surfaces/interfaces phenomena with very small time constants, thus enabling very
fast responses. They also constitute an interesting combination of material physics,
heterogeneous catalysis, in conjunction with electronic devices (Spetz et al., 1998).

The CAA requires industrial facilities to address the accidental release of regulated
substances to the community and also sets regulations governing emissions of hazardous
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air pollutants (HAPs) from wastewater using maximum achievable control technology
(MACT) (Spetz et al., 1998). In a case study for a publicly owned installation treat-
ment in Virginia, controlled by industrial users, the wastewater had a high volatile
organic chemical (VOC) content, which was stripped and emitted into the atmos-
phere. The standards for publicly owned installation treatment implemented a finan-
cially viable controlled technological approach to comply with state and federal clean
air laws (Rogers and Steidel, 1998). Several traditional treatment processes can be
used to reduce the VOC content of waste and comply with air emissions requirements,
such as closed sewer systems, nitrogen- or gas-blanketing vessels and strippers on
biological reactors (Venkatesh, 1997).

Wastewater can be purified by various treatments. The natural treatments can be
classified into several categories:

1 soil-based systems

2 wetland systems, which include free water surface, submerged flow and vertical
flow systems; aquatic systems, including pond and floating aquatic plant systems

3 on-site systems

4 phyto-remediation.

In soil-based systems, a study in overland flow, where the phosphorus removal from
swine lagoon effluent was examined, showed that system slope did not affect sediment
phosphorus concentrations, even at various application rates (Liu et al., 1997). The
use of constructed wetlands showed advantages, such as low cost and ease of incorpo-
ration into agricultural systems, whereas the main drawbacks were the required train-
ing. Wastewater treatment is the primary goal of many wetland systems, followed by
ancillary benefits of public use and wildlife habitat (Knight, 1997). Aquatic systems
and, more specifically, waste-stabilization ponds, could be implemented by means of
sustainable development. The spatiotemporal dynamics and removal efficiency of
pollution-indicator bacteria were studied in two high-rate oxidation ponds. Although
bacteria removal was correlated with season (highest removal in summer), removal
was always well correlated with retention time. Comparison with treatment lagoons
showed advantages for the high-rate ponds (Bahlaui et al., 1998). The high land area
requirements and limited cool season growth in temperate climates proved to be sig-
nificant limitations in floating aquatic plant systems. Although biological oxygen
demand (BOD), total suspended solids (TSS) and algae removal is favorable in duck-
weed treatment systems, the limited nitrogen removal constitutes an impediment to
extensive implementation (White and Burken, 1998).

Numerous articles and reviews have summarized and evaluated available water
reclamation processes to meet current water-quality requirements. A seven-month
pilot-plant study in Los Angeles County (California) evaluated three filtration sys-
tems for water reuse using high-purity oxygen-activated sludge plant effluent: a deep-
bed anthracite filter, a shallow depth pulsed-bed sand filter and a continuous
backwash deep-bed sand filter. All three filters were capable of consistently meeting
the State of California’s effluent turbidity limit and were characterized by similar costs
(Kuo et al., 1997). Field-scale evaluation of gravel-bed hydroponic wetlands in Egypt
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demonstrated the capacity for removing eggs of human parasites and producing efflu-
ents which met the World Health Organization (WHQO) microbiological guidelines for
reuse (Stott et al., 1997). Conventional reclamation technologies were judged too
expensive for rural communities in Brazil, so treatment of degritted wastewater
through grass was investigated at two sites leading to promising results (Freire, 1997).

Food industry and agricultural waste

The problem of classification arose when it came to describing the regulatory aspects
of composting food processing waste. Solid, agricultural and/or industrial wastes were
of great concern, as well as the marketability of composted materials. The impact of
CAA on food processing waste operations identified yeast manufacturing, cellulose
food casing manufacturing and vegetable oil production as target industries for future
specific regulations (Walsh et al., 1993).

Dairy industry

A large portion of the chemicals used in the dairy industry has been traditionally dis-
charged in the dairy wastewater. The type and quantity of chemicals used, and the method
of wastewater treatment employed, substantially affected the extent of environmental pol-
lution (Pankakoski et al., 1993). An ice cream factory was one of two examples reported
on waste reduction programs. After implementation of appropriate measures, BOD was
reduced by 63% with investment costs for the post-control wastewater treatment system
dropping by 43% (Hiddink, 1995). The ecological evaluation of dairy chemicals shows
the impact of individual chemicals on the environment. Retail samples of cow milk were
collected in the UK, both in winter and summer, and analyzed for ortho and non-ortho
substituted polychlorinated biphenyls (PCBs). The determined values varied in the range
2-25ng/kg and 0.05-0.6 ng/kg for the ortho and non-ortho substituted PCBs, respec-
tively (Krokos et al., 1996). The concentrations of polychlorinated dibenzo dioxins and
dibenzofurans (PCDD/F) in human blood and human milk from non-occupationally
exposed persons were determined in the vicinity of a municipal waste incinerator in
Germany. Since the individual concentrations of PCDD/F in blood fat ranged within
acceptable limits, it was concluded that no direct health hazard related to PCDD/F emis-
sions from the local waste incinerator should be expected (Deml et al., 1996).

Acids and alkalis, due to be replaced within the frame of a cleaner environment, seem
to be generally less problematic than surfactants. However, this does not imply that clean-
ing should be conducted only with caustic soda and nitric acid. Additives are added to
optimize the cleaning effectiveness of the detergents. When choosing additives, ecologi-
cal aspects have to be considered as well. This becomes a problem for the industry
because all the new products have to be analyzed for their environmental effects. The
end-users usually buy a mixed product and they have problems on how to treat the con-
tained chemicals. Therefore, the manufacturers have to report their findings related to the
environmental impacts of their products (Pankakoski et al., 1993). DDT residues in
numerous milk samples were determined by using gas—liquid chromatography (GLC)
and possible links between DDT exposure and breast cancer were investigated (Deka
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etal., 1996). Although the determined DDT levels in human milk were attributed to cam-
paigns against malaria and partly to DDT in fatty foods, no clear-cut connection between
DDT and breast cancer could be established (Lopez-Carillo et al., 1996). Process water
in a dairy factory should be of drinking quality. When the dairy factory employs sources
such as surface water, groundwater and condensates, considerable attention to meeting
quality requirements is needed. These controls of water quality should be incorporated
into the quality management system of a dairy factory, specifying both frequency and
parameters to be checked (Hiddink, 1995; Boudouropoulos and Arvanitoyannis, 2000).

Fermentation industry

Brewery waste

Wastewater from fermentation industries is characterized by variable flow rates, often
seasonal in nature, and high in organic loading, BOD and COD (chemical oxygen
demand), low pH and high carbon-to-nitrogen (C:N) ratios (Grismer and Shepherd,
1998). In a review where the performance of anaerobic and aerobic biological waste-
water treatment processes at a German brewery was compared, the former treatment
achieved 91% COD reduction, whereas the aerobic treatment averaged 76% reduction
(Mayer, 1995). An anaerobic fluidized bed (AFB) reactor treating brewery wastewater
at 25°C achieved a COD removal of 85% and hydraulic retention times (HRT) of
2.5h. The average biogas production rate was 0.45m3kg~—! COD removed, out of
which 72% was CH,. After seven days aerobic treatment of brewery wastewater, its
pH rose from 6.5 to 8.9, while the BOD and suspended solids were reduced by 67%
and 75%, respectively (Liang et al., 1997).

The effects of various mixing rates of brewery wastewater with municipal solid waste
on methane generation and landfill leachate were studied by using laboratory columns.
It was found that codisposal of brewery wastewater stimulated methane production and
did not negatively affect the leachate quality in terms of pH or volatile fatty acid concen-
trations. At very high loading organic rates, however, leachate quality temporarily dete-
riorated, as elevated concentrations of acetate and propionate were detected (Rahim and
Watson-Craik, 1997). In a study where potential disinfection interferences by organic
nitrogen compounds, such as those present in high concentrations in brewery effluent,
may occur, the results showed that wastewater containing high ratios of total organic
nitrogen to ammonia (TON:NH3) was poorly disinfected by aqueous chlorine.
Furthermore, disinfection rate tended to decrease with increasing TON:NH; ratios
(Scully et al., 1996). The operation of anaerobic plants for wastewater, including brew-
ery wastewaters in Germany was reviewed. A survey was conducted to identify filamen-
tous microorganisms in six activated sludge plants. A gram-positive, Neisser negative
filament resembling both Microthrix spp. and Nostocoida limicola was the predominant
filament in sludge from a plant treating brewery wastewater (Weathers, 1996).

Winery waste

Treatment of winery wastewater was evaluated both on a laboratory and industrial
scale. The treatment of winery wastewater using a full-scale, modular, multistage acti-
vated sludge treatment plant was examined. The removal of COD averaged 98% when
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the influent COD varied between 2000 and 9000 mg/l. The plant proved to be flexible
enough to withstand large variations in the temperature, hydraulic, and COD loading
rate, and was shown to have a low running cost. Studies in Portugal describe 1 m?
pilot-plant studies of the winery wastewater treatment capability of an adsorption
activated-sludge process devised for use in the mainland. The addition of nitrogen and
phosphorus nutrients was required to increase biomass accumulation and to stabilize
the reactors to obtain high removal efficiency from the wastewater of 96.0 and 97.7%,
COD and BOD:s, respectively. In France, there have been several attempts to optimize
the rate of aerobic treatment of winery wastewater through seeding winery bacteria,
pH adjustment and addition of nitrogen and phosphorus nutrients. Their goal was to
reach sufficient treatment levels (<500 mg BODs/I) within a few days so that the
treated effluent could be safely discharged to the municipal treatment system (Morais
and Santos, 1995). The catalytic oxidation of p-coumaric acid, a compound represen-
tative of the polyphenolic fraction typically found in wine distillery, was investigated
using Fe?*, Cu?*, Zn?" and Co?* ions and metal oxide catalysts in suspension. Results
showed that catalysts increased the decomposition rate of p-coumaric acid while the
solution pH controlled the distribution of intermediate compounds (Graham and
Weathers, 1997). Vinasse is a serious problem in wastewater treatment. It was deter-
mined that 90% COD removal of vinasse purified with mesophilic aerobic/mesophilic
anaerobic or thermophilic anaerobic treatment required minimum HRTSs varying from
4 to 8 days, respectively. A substrate utilization model was accurate except when HRTS
dropped to minimum values (Romero et al., 1996). Resveratrol, a phytoalexin found
in grapes and other food products, was purified from grape skin waste and shown to
have cancer chemopreventive activity in assays representing three major stages of car-
cinogenesis. These data suggest that resveratrol, a common ingredient of the human
diet, merits investigation as a potential cancer chemopreventive agent in humans
(Jang et al., 1998).

Distillery waste

In a comparative study of anaerobic digestion of untreated and previously fermented
(with Penicillium decumbens) molasses, continuous-stirred tank reactors were used.
The observed difference in digestion process could possibly be attributed to interfer-
ence and inhibition of anaerobic bacteria activity by higher concentrations of pheno-
lic compounds in the untreated wastewater (Jimenez et al., 1997).

Assessment of several alcohol distillery plants treating sugar beet molasses showed that
the use of open stream and recycle of spent mash affected wastewater volume up to 25%,
the COD load remained practically unchanged with recycling whereas total dissolved
solids (TDS) significantly increased. Twelve potentially inhibitory phenolic compounds
present in sugar beet molasses distillery wastewater were isolated and identified as fol-
lows: six benzoic acids, two cinnamic acids, three phenolic aldehydes and one phenolic
alcohol (Graham and Weathers, 1997). A method for precipitation and flocculation of
ethanol fermentation wastewater using a combination of various media such as black
pulping liquors, lime and polyacrylamide was recently suggested. This promising
process yielded water suitable for reuse in ethanol fermentation and residue and is
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potentially acceptable for animal feeds and microbial culture media (Morais and Santos,
1995). Several technological options were developed for recycling or treating sugar-
processing by-products, including stillage. Studies on anaerobic treatment of various dis-
tillery effluents employed full-scale upflow anaerobic sludge blanket (UASB) reactors and
highlighted the treatment of effluents from sugar cane based distilleries with COD con-
centrations of 60000 to 160 000 mg COD/I (Boudouropoulos and Arvanitoyannis, 2000).

Beverage industry

The problems encountered in the operation of anaerobic filters at several soft drink
bottling facilities used for pretreatment include odor, problems of a biological nature
with the reactor and problems caused on-site in plant operations. A soft drink waste-
water treatment process, consisting of coagulation/flocculation followed by extended
aeration, was introduced and fully described. Despite the high level of COD removal
provided by the two processes, the system performance was inhibited by variations in
hydraulic and organic loading, contamination by petroleum oils and the carry-over of
solids from the clarifier to the biological system (Hiddink, 1995). In a recent pretreat-
ment technology review for a soft drink manufacturer, high-pressure reverse osmosis
was preferred over the other membrane filtration technologies. Biological pretreat-
ment was rejected after a cost analysis was carried out on pilot testing of various
membrane filtration technologies. This process was selected because of its high pro-
cessing capacity and a 99% BOD removal. Another article focused on bringing a soft
drink production facility into regulatory compliance through waste minimization. The
latter was accomplished by employing the waste beverage as a feed supplement for a
local beef cattle facility (Schulte, 1994).

Fruit and vegetable industry

The agricultural industry waste proves to be an immense reservoir of materials of natural
origin. The exploitation of this waste provides natural products of inexpensive starting
material like antioxidants. VIORYL SA (Athens, Greece) is a representative example
of a Greek company where research is carried out on pressed grape skins from the
winery waste and the citrus peel after juice removal. The main features of this
approach are: choice of solvent(s), for efficient extraction and recycling, environmen-
tally innocuous as possible and selecting conditions for non-destructive product
recovery (Kefalas, 1991). An extensive literature search on disposal and utilization of
solid vegetable, fruit and other organic waste was conducted. The study considered
the implementation of anaerobic digestion, animal feeding, composting, edible fiber
recovering, fermentation, incineration, pyrolysis and soil amendment as options for
environmental management systems (EMS) (Walsh et al., 1993). The factors involved
in the land application of strong citrus wastewaters were described (Jones and
Horvath, 1993). Typical flavonoids, such as hesperidin and naringin, which have phar-
macological properties, were extracted from orange, grapefruit and bergamot peels
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(el Nawawi, 1995; Calvarano et al., 1996). Both flavonoids were released by extraction of
peel with hot water and Ca(OH),. The effect of peel maturity and recycling of the extract-
ing liquor led to an increase in yield of both hesperidin and naringin. The highest yield of
naringin and hesperidin were 15.2 g/lkg and 12 g/2 kg peel, respectively (el Nawawi, 1995).

Three sequencing batch reactors (SBR) pilot plants for treating potato processing
wastewaters were operated at various temperatures, in order to study the differences
occurring at these temperatures. Although only slight differences in effluent soluble
COD concentration related to temperature were reported, nitrification was substan-
tially reduced at low temperatures (12°C). Phosphorus removal significantly dropped
at the highest temperature (32°C) (Grant et al., 1994). Utilization of waste mushroom
compost as an adsorption medium and as a microorganism source to remediate insec-
ticide rinsate was also investigated. The compost was shown to absorb carbamate pes-
ticides from aqueous solutions and does not have an inhibitory effect within the
concentration range of 0-30 mg/l. Another relevant study reported the composting of
potato peel waste which, amended with sawdust and urea over a 3- to 4-week period,
resulted in a 51% loss in weight and 27% loss in dry matter (Lowe and Buckmaster,
1994). The process selection methodology and analytical problems are associated
with phosphorus removal from oil seed and wastewater from vegetable production.
The performance of an anaerobic upflow blanket type reactor for the treatment of
olive oil production wastewater was evaluated (Ozturk et al., 1992).

Meat and poultry

The biosolids produced by dissolved air flotation (DAF) wastewater treatment sys-
tems at meat and poultry processing plants constitute a crucial disposal problem and
handling of these materials was addressed in several papers. Carr (1992) recently pre-
sented an overview of the aerobic composting process comprising comparison of var-
ious novel systems for handling DAF biosolids and for dewatering. The stabilization
of offal and dissolved air flotation sludges using lactic acid was evaluated as well. The
study focused on measuring pH, ammonia, protein, fat and bacterial pathogens in an
effort to assess sludge quality. A comprehensive study of the foaming and bulking
problems in poultry processing wastewater activated sludge system was conducted.
Among the investigated factors were the process type, the food microorganisms (F:M)
ratio, the dissolved oxygen levels, the liquid operating temperature, the changes of
production rate and the inlet/outlet design of the aeration cell (Walsh et al., 1995). The
source of odors from several already discussed control techniques, including combus-
tion in boilers, wet scrubbers and biofilters was recently reviewed. The technical and
economic details of biofilters applications were presented (Prokop, 1992).

Agricultural waste

Water pollution, particularly by pesticides and herbicides, has been recognized as a very
serious problem since the 1970s. Industrial compounds and product contaminants such
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as polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) were found to be present in a large fraction of
tested humans (Price and Welch, 1972; Sielken et al., 1987). As was the case with DDT
and other chlorinated insecticides, background levels of PCBs, PCCDs and PCDFs
occur in high portions in tested humans. These lipophilic compounds, occasionally sus-
pect carcinogens and abundant in fatty foods, could easily be introduced into human
beings when these compounds abound in the terrestrial environment (Fries, 1991). Of
great concern is the extent to which pesticides reach rivers and lakes, because this may
have impact both on aquatic life and humans if contamination extends to drinking waters.
These concerns were addressed by the EC Drinking Water Directive, which stipulates a
maximum concentration of any pesticide in potable waters of 0-1 pg/l. Although the tox-
icity of different pesticides to humans varies greatly, there is a general lack of epidemio-
logical data regarding the pesticides effect on human health, probably because research
tends to be reactive, rather than proactive (Boudouropoulos and Arvanitoyannis, 2000).

The effects of pesticide drift on flora and fauna were reported in English Nature
(Anonymous, 1997). Despite the reported measurable short-term impact on wildlife,
the time scale and long-term effects continue to be uncertain. Research into nitrogen
fertilizer used in agriculture highlighted three main areas of potential environmental
impact: water contamination, gaseous losses and effects on humans. The secondary
economic costs, notably related to the water industry, are also significant, although
research is starting to show how good management practices can reduce losses
(Skinner et al., 1997). Herbicide contamination of shallow groundwater beneath clay-
pan soils has been the subject of several investigations. Spatial variability was deter-
mined to be larger than the effects of atrazine and arachlor application rates. In
samples taken from approximately 75 monitoring wells, atrazine and arachlor were
detected in 7.2 and 0.4%, respectively. No significant differences in arachlor, atrazine
and nitrate concentrations were detected between pre- and post-flood distributions in
alluvial aquifers in the USA (Chung et al., 1998).

Compost from agricultural and other waste and granular activated carbon biofilters
operated at a wastewater treatment plant simultaneously removed low concentrations
of H,S and VVOCs. Microorganisms on both media demonstrated an increase in micro-
bial densities, varying degrees of environmental stress and predominance of gram-
negative bacteria. Lowering pH had little effect on compound removal, which was
>99% for the H,S and >70% for the oxygenated and aromatic hydrocarbons (Webster
etal., 1997). A pilot-scale composting of chlorophenol-contaminated soil was set up to
compare chlorophenol degradation by two different inoculants, straw compost and
bioremediated soil, with that of indigenous soil microbes. The biodegradation was
found to be highly efficient, fast and, most importantly, independent of the inocula type
(Laine and Jorgensen, 1997).

Gergova et al. (1994) studied the production of activated carbon from agricultural
residues, including apricot and cherry stones, almond shells and grape seeds. The
study involved a low temperature process and it was concluded that the characteristics
of the activated carbon depend upon the feedstock composition and structure. Mazza
(1995) reported the flow diagram for resource recovery from grape pomace. Another
investigation topic was nitrification and denitrification in an activated sludge system
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for wastewater from settled sow manure with molasses addition as a supplemental
carbon source. Full denitrification proved impossible with supernatant from manure
as the only carbon source. When nitrifying and denitrifying conditions were improved,
only small amounts of nitrogen oxide were found to be present (Marr and Facey,
1995). Olive oil production is of great importance especially for Mediterranean coun-
tries because of its high consumption rate. Milling of olive paste during olive oil
production is accompanied by continuous washing with water malaxation leading to
considerable wastewater quantities, which are discarded. A study disclosed that the
wastewater extracts have powerful antioxidant action due to the presence of natural
antioxidants. If the latter were successfully recovered and could show that the waste
from olive oil production had a powerful anticarcinogenic activity, it would be a prom-
ising non-expensive source of antioxidants (Visioli et al., 1995).

Effects of pollution on organisms

Many articles reported on the effects of a wide variety of pollutant forms, including
individual complex chemicals and metals to freshwater and seawater aquatic organisms.
In a rapid bioassay, 96 cell culture plates for screening herbicides and other phytotoxins
for selective toxicity toward cyanobacteria were developed. Oscillatoria cf. chalybea
and Selenastrum capricornutum were chosen as representatives of cyanobacteria
(Cyanophyta) and green algae (Chlorophyta), respectively (Schrader et al., 1997).

A number of ectomycorrhizal fungi, from sites uncontaminated by toxic metals, were
analyzed to determine their sensitivity to Cd>*, Pb?*, Zn?* and Sh**. Significant inter-
specific variation in sensitivity to Cd?*and Zn?" was recorded, whereas Pb>* and Sb®",
individually, had little effect. The presence of Pb?" and Sb3* in these media did, how-
ever, ameliorate Cd?* and Zn?" toxicity in some cases. Among various heavy metals,
mercury, cadmium and cobalt were shown to be the most toxic to selected strains of
wood-rotting basidiomycetes (Baldrian and Gabriel, 1997). Among 75 strains of iron-
oxidizing bacteria obtained from natural environments, only one strain, Thiobacillus
ferrooxidans Funis 2-1, grew on Fe?*-medium with 1.25mM of sodium molybdate
(Mo®™). Further studies revealed the inhibition site of molybdenum for the iron-oxidase
enzyme system and the mechanism of molybdenum resistance in Funis 2-1 cells (Yong
etal., 1997). Sampling of faunal species near a lead smelter in South Australia revealed
no consistent patterns in numbers of taxa among study areas and times. In fact, it was
shown that Heteromastus filiformis, Capitella capitata, Glycera americana and the
crustacean Tanais dulongii were abundant at intertidal sites with high metal concentra-
tion in the sediments (Reish et al., 1997).

There is only limited available evidence indicating that chlorinated compounds
occurring in the environment had an adverse effect on earthworm populations.
Applications of DDT at rates exceeding 100 ppm had no effect on earthworm survival
and concentrations of DDT or dieldrin as high as 64 ppm did not affect the survival of
L. terrestris and A. caliginosa in laboratory studies. It was shown that earthworm
activity was more or less normal in the area around Seveso, most highly contaminated
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by TCDD (dioxin), but there may have been an effect on the ratios of A. caliginosa to
A. rosea, which were the most abundant species (Fries, 1991).

Birds have provided the most notable examples of adverse and disastrous effects of
organic contaminants on terrestrial wildlife. The effects of chlorinated hydrocarbons on
eggshell thickness were further confirmed in laboratory studies. The frequency and
severity of the reproductive problems were greatest for aquatic predators followed by
terrestrial predators, insectivores and herbivores. Improper disposal of contaminated
waste oils has caused acute poisonings of cattle and horses by PCBs and PCDD (Beeson
et al., 1997). The carcinogenic dioxins have entered the life of European citizens and
managed to undermine the current food safety system in zero time. It is believed that the
European Union (EU) was aware of at least some of the occurring safety problems but
was reluctant to enforce stricter regulation because of the ensuing higher production
cost. However, prior to dioxin detection, extremely high hormone residues had been
measured in meat carcasses originating from the USA (Papanidis, 1999). Kittiwakes
from a colony within the area oiled by the crude oil spill in the Shetland Islands had rel-
atively good breeding success and foraging activity compared with colonies in non-
oiled areas. However, birds from the oiled area were anemic and the adult return rate and
male fidelity were low (Reish et al., 1998). Due to large spatial and temporal variability,
icthyoplankton surveys both at outfall and non-outfall failed to reveal any consistent dif-
ferences in taxa or abundances of fish due to treatment either at the surface or at a 20-m
depth. However, a mixture of primary and secondary wastewater sludge produced sig-
nificant toxic effects, even at 0.1% dilution, to herring embryo vitality, hatching mortal-
ity, post-hatch larval survival and larval feeding under laboratory conditions. Toxic
effects were confined to the discharge point. Chlorine, commonly used to disinfect
wastewater and power plant discharges, was shown to be toxic to various stages of
anchovy eggs and larvae at concentrations well below the recommended treatment
doses (0.1-0.2 versus 3.0 ppm, respectively) (Rosales-Casian, 1992).

The frequency and mechanism by which organic compounds are introduced into the
environment have an important impact on food products. Combustion sources, such as
municipal waste incinerators and automobiles, have been identified as the main sources
of low-level dioxin and furan environmental contamination (Skinner et al., 1997).
Bouchard et al. (1992) described the various natural and synthetic sources of nitrate con-
tamination of groundwater, the sources of human exposure to nitrate and the potential
health effects and the challenge to manage groundwater protection from nitrate. The rela-
tionship between nitrate levels in private and public sources of drinking water and gastric
cancer mortality in Wisconsin (USA) was investigated in a case-control study. Death
resulting from gastric cancer could not be significantly associated with exposure to
nitrate in drinking-water sources (Boudouropoulos and Arvanitoyannis, 2000).

Glass, chemicals and other products

New technology in the field of glass production lowered the gas release of substances
such as NO, and particulates, and parameters such as BOD, but there is still room for
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further improvement. Although attaining zero pollution is a virtually impossible
target, striving to improve the environment is a constant goal (Slater, 1997).

Industry provides a selection of techniques and pollution arrestment plans available
for meeting current or even future (most probably stricter) legal requirements. As to
the recent EU legislation, the Integrated Pollution Prevention and Control (IPPC)
reported in a British newspaper (became UK law in October 1999), that consideration
should also be given to the possible reversal of enforcement from local authority to
the HM Inspectorate of Pollution (Environmental Protection Act, 1990). The use of
toxic heavy metals is subjected to severe restrictions in order to reduce their effects on
the environment, to guarantee health and safety at the workplace and, in general, to
minimize their mean daily intake by individuals (Guadgnino, 1996).

The impact of the Clean Water Act (CWA) on industry was reviewed from the histori-
cal perspective of the National Pollutant Discharge Elimination System (Kobylinski and
Hunter, 1992). Gemar (1991) suggested how industries could comply with the new pre-
treatment regulations for discharge to a publicly owned treatment works (POTW). These
regulations focused on both mass and concentration of specific compounds discharged to
the municipal sewer.

A waste management plan for the chemical and petrochemical industry in Brazil
included regional management of hazardous wastes, strict control of landfill content
and pretreatment facilities. The improvement of groundwater quality at a major indus-
trial complex was initiated in three phases: baseline data collection, establishment
of monitoring programs and recommendations for new management practices.
Increase in polluted areas due to poor landfill operations at a chemical industry in the
Netherlands was the main factor that led to a program of waste management/mini-
mization for this facility. A recovery process for nitrophenols addressing possible
thermal instabilities was developed to meet the limits set on phenolic compounds sent
for biological waste treatment (Teixeira and Balassiano, 1991). Biological treatment
is a very important process for removing dissolved organics from refinery wastewater.
Microbial cultures were studied to compare the ability to biotreat refinery spent sul-
fidic caustic from a refinery. Both cultures, Thiobacillus denitrificans strain F and an
acclimated culture enriched from an activated sludge treatment system at a refinery,
proved to be capable of complete oxidation of caustic sulfides to sulfates at specific
activities of 1.0-1.3 mmol sulfide/h - g mixed liquor suspended solids (Kolhatkar and
Sublette, 1996).

Anaerobic treatment of petrochemical wastewater has become a very popular topic
over the past few years. Cheng et al. (1997) conducted a pilot study of UASB process
treating wastewater from purified terephthalic acid (PTA) manufacturing. One of the
major constituents, p-toluic acid, in PTA wastewater restricted the biodegradation.
Phenolic compounds are abundant both in natural products and industrial and munici-
pal waters (Gerard et al., 1995). Their presence might prove to be harmful, especially if
they are subjected to chlorination which results in chlorinated phenolic compounds,
highly toxic even at ppb levels. The phenolic compounds contained in this wastewater
are used as feedstock for the production of polymers, drugs and dyes despite their poor
environmental performance. Therefore, an extraction of phenols from water samples by
liquid—solid phase extraction is employed (Pissolato et al., 1996).
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Strict emission legislation has currently rendered many existing emission-control
measures inadequate. The effect of automotive catalysts to offset the incomplete com-
bustion in automobile engines in response to the Clean Air Act of 1970 was reviewed.
Measurements of emission data of unburned hydrocarbons and carbon monoxide at
both upstream and downstream sides of a catalyst converter showed that significant
reductions in emissions could be obtained with appropriate ignition-control strategies
(Zhu et al., 1996).

Environmental attitudes and politics

The economic growth of modern industrialized society has been mainly based (80%) on
utilization of energy stored in fossil fuels. Although humans have learned to exploit them
rather efficiently, consumption of fossil fuels has become a tantalizing force because of
emissions, spills, leaks, strip mining and carbon dioxide accumulation which leads to
highly dangerous and threatening situations in terms of global warming (greenhouse
effect), risking sea levels and earthquakes (Kordesch and Simander, 1995). By 1990,
public concern for the environment in the USA had reached unprecedented levels. In one
of the most thorough and comprehensive reviews of American public opinion toward the
environment, it was concluded that, after a decline in environmental concern in the
1970s, there has been a significant and steady increase in public awareness of environ-
mental problems (Steel, 1996).

Modern environmental policy is discussed largely in terms of assessing the usefulness
to humans of preserving services provided by the environmental systems. Environmental
concern is often expressed by rejection of directly anthropocentric and economic calcu-
lations (Spash, 1997). The pollution abatement schemes can be successfully imple-
mented only when the causes of pollution have been properly identified. Pollution
problems, arising from ‘free rider’ behavior, result in high costs of negotiation among
users of a common resource. These costs are occasionally due to misspecification and/or
to non-enforceability of property rights on the use of common resources. Alternatively,
when well-defined property rights exist and their enforceability is possible, the presence
of technological non-convexities makes impossible the establishment of competitive
markets for pollution emission rights (Bellas and Skourtos, 1996).

Solid waste audits, aimed at the identification of opportunities for waste reduction,
reuse or recycling, were described by the ‘Go Green team’, which also identified these
opportunities in the original 1995 audit, forming the basis for the waste diversion initia-
tives. In particular, the 1995 initiatives were very successful in increasing the reuse and
recycling activities. The next audit, however, should include protocols for characterizing
the material in the mixed waste bags (Dowie et al., 1998). In effective networks, infor-
mation and research, in conjunction with grass-roots involvement are to be pursued,
since a more professional approach has to be endorsed through government support,
appropriate funding and proper staffing. Indeed, it is argued that lack of formal govern-
ment recognition and endorsement of the forum approach inhibits their credibility, since
potential members and staff time are not properly prioritized (Scott, 1998).
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Although various factors may lie behind the recent upsurge of interest in green
taxes, the predominant factor might be disenchantment with efficiency and effec-
tiveness of the direct regulation approach to environmental policy. Nevertheless,
wider public finance employment and social concerns contributed to a ‘build up’ of
pressure for change. Instruments such as charges, permits and subsidies score well on
efficiency grounds, but they are more problematic in terms of their institutional
requirements and their political feasibility. On the other hand, product prohibitions,
technology specifications and information provision, for example, face relatively lit-
tle political resistance and have no institutional demands, but are relatively inefficient
because of the high costs of involved meetings and ambient standards (Turner et al.,
1998).

Several industrialized countries such as the USA, the UK and France have long
realized the need for environmental impact assessment (EIA). As a result, they have
adopted formal EIA principles and practices for various activities including the con-
struction of highways (Glasson et al., 1999) and for the mining and industrial sector.
Current trends in environmental degradation suggest that if the rate at which the envi-
ronment is depleted continues, the world will cease to be a viable place. Reports about
global warming and the depletion of the ozone layers suggest the need for urgent
action to avoid an imminent catastrophe (Boudouropoulos and Arvanitoyannis, 1999).

Progress in alternative energy

Solar energy

Energy from the sun is vital for the living world. It is harnessed by plants, which use it
to turn water and carbon dioxide into complex high energy molecules. More than 107 kJ
of energy from sunlight is captured and used by photosynthetic organisms (Durrant,
1998). Solar electric power was developed to overcome a specific power problem within
the frame of NASA space programs of the 1960s. Like many other space technologies,
solar radiation was later on adapted and used on Earth, but initially used in remote areas
where power was desirable but difficult to provide by other means.

The potential financial savings made by generating solar electricity depend on cost of
national power, which varies considerably, and the price paid by the operator for the
exported solar power. Since solar power generates direct current electricity which has to
be converted to alternating current to interface with the grid, there are additional infra-
structural and familiarization barriers to overcome with the participants therein (archi-
tects, builders, electricians and electricity operators). These are being rapidly addressed
as international experience develops (Wolfe, 1998). Although this is still a relatively
expensive technology, the cost for solar power is gradually decreasing and the market is
expanding. New lower cost technologies are currently commercialized and, in fact, the
World Energy Council predicts substantially greater sales by 2025. With the issues of
climate change and environmental depletion increasingly at the forefront of the political
agenda, the prospects for this technology are extremely promising (Hammonds, 1998).
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Aeolian energy and air pollution

Over 700 MW of wind energy has been produced worldwide, making it the fastest grow-
ing energy technology. The reason for this rapid growth in wind energy can be traced
back to the oil crisis of the 1970s, but more recent stimuli have included the urgent need
for electricity in third world countries and the need to find non-polluting energy sources.
Wind energy is now a viable option for generating electricity because it is technically
proven, enjoys public support, has huge resources and is rapidly becoming cost-
competitive with the ‘conventional” sources of electricity generation. There are good
prospects for future cost reduction and improvements in performance. ‘Economic opti-
mization’ in turn, depends on a proper understanding of the complex nature of wind tur-
bine loadings and is reflected in further work on dynamics and fatigue (Milborrow, 1998).

A future of melting ice caps and changing climates has been predicted as a result of
global warming due to the ‘greenhouse effect’. Essentially linked to the emissions of
greenhouse gases into the atmosphere (most notably carbon dioxide), this disruption in
the Earth’ ecosystem is causing great concern. It is widely accepted that the greenhouse
effect, caused by rises in atmospheric CO, levels, will result in extensive warming of the
Earth’s surface with potentially disastrous environmental impact (Ormerod, 1998).

There are four main options for capturing carbon dioxide: adsorption, absorption,
cryogenics and membrane systems. Gas adsorption commonly involves the utilization of
molecular sieves which, however, require the release of absorbed gas after its capture.
Varying the process to release the gas is preferable to altering the temperature because the
absorber can start re-functioning much faster. Limited capacity and poor sensitivity
makes this method unattractive for CO, capture from the conventional (PF = pulverized
fuel and NGCC = natural gas fired combined cycle) generation process. Several solvents
can be applied to each type of power plant to achieve physical and chemical absorption.
Cryogenic processes are only worth considering where there is a high concentration of
CO, in the gas, as may be the case in future integrated gasification combined cycle
(IGCC) designs, or from CO, recycle systems. Cryogenic processes have the advantage
of producing liquid CO, ready for transportation via pipelines. Although they are com-
mercially used, the membranes need further development and their cost has to come
down before they can be more widely used for capturing CO, (Boudouropoulos and
Arvanitoyannis, 2000).

Scientific responses to climate change deserve serious consideration as ways of
limiting greenhouse gases while continuing to satisfy human aspirations for improved
life quality. If CO, emissions have to be substantially reduced, capture and storage of
CO, is a presupposition. Such technologies have only recently attracted scientific
interest and there are currently available practical examples of capture and storage
techniques around the world (Riemer, 1998).

Hydropower, geothermal, fuel cell systems and
other alternative energies

Hydropower is a clean, non-polluting, reliable, long-lasting and renewable energy
source. It produces nearly a fifth of the world’s electricity, making it far and away the
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most productive renewable source. Wind, biomass energy and hydropower are the
most utilized renewable sources, accounting for more than 90% of overall electricity
generation. Based on the potential of hydropower and the move towards reducing
power plant emissions that contribute to global warming, it appears that hydropower
can be one of the major factors in building up a sustainable worldwide economic
growth well into the future (Hunt and Hunt, 1998).

Geothermal energy, heat from the Earth, is available at many sites across the world and
is only being partially used to replace conventional fuels. The enormous potential of this
clean, reliable energy source is only now being realized with increasing construction of
electricity generating stations, district heating systems, food-processing plants and
greenhouses throughout the world. In the years ahead, when environmentally friendly
energy sources become even more important, geothermal energy is expected to help fill
our needs. Although it is not a final solution for the world’s clean energy needs, it consti-
tutes a significant contributor and has great potential for expansion in the future.
Advanced research and technology development will eventually enable mankind to use
the enormous amount of geothermal heat contained in rocks at any depth and not just in
volcanic areas. When this stage of development is reached, geothermal energy might well
supply as much as 25-50% of the world’s electrical and heating needs (Wright, 1998).

A fuel cell is an electrochemical device which can continuously convert the energy
from a chemical reaction and an oxidant fuel to electrical energy by a process involving
an electrode—electrolyte system. Fuel cells are characterized by high efficiency and
lower emission levels than those prescribed by the strictest environmental standards.
Fuel cell systems can be classified according to their working temperature/pressure as
high-, medium- and low-temperature/pressure systems. Another categorization may be
based on the nature of employed fuels and oxidants: gaseous (hydrogen, ammonia), lig-
uid (alcohols, hydrocarbons) and solids (coal). The most important features of fuel cell
systems in terms of advantages could be summarized as follows:

1 savings in fossil fuels due to high energy conversion/good load characteristics
2 low pollution level/noise level/maintenance costs
3 ability to use low cost fuels with high temperature systems and increased efficiency.

However, there are also disadvantages consisting of the initial high cost of catalysts,
membranes and accessories, high fuel weight, electrode degradation in conjunction
with complete carbon dioxide removal and infrastructure weaknesses for hydrogen
transportation and distribution (Kordesch and Simander, 1995).

Although harvesting waste may sound like a strange idea, it is one of the safest ways
for cleaning up contaminated land. Using plants that preferentially absorb toxic metals
from the soil and then simply harvesting and disposing them could revitalize land con-
taminated with metals both inexpensively and in an environmentally friendly way. Many
practical and research challenges remain to be met prior to bio- and phyto-remediation
application on a large scale to decontaminate metal-polluted soils. However, this ‘green’
approach using hyperaccumulator plants to decontaminate polluted sites is considered to
have considerable potential in the quest to safeguard soil fertility, one of the world’s most
precious natural assets (McGrath et al., 1998).
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Environmental impact assessment

Cost-benefit analysis (CBA) is a methodology which aims to select projects and poli-
cies which are efficient in terms of resource use. As the hame suggests, it is, in prin-
ciple, extremely simple. All the positive and negative effects of a proposed project or
policy are valued in monetary terms, providing a list of benefits and costs. If benefits
are seen to outweigh costs, then the proposed plan represents a potential gain in terms
of social welfare. Although CBA is widely practised and accepted, it has also been
strongly criticized from perspectives outside economics, particularly the environmen-
tal and social spheres. Criticisms generally revolve around:

the uncertainty

the accuracy and acceptability of monetary valuations of impacts

the distribution of costs and benefits among the population

the practice of discounting the future in estimating total costs and benefits
the treatment of irreversibility in development decisions

the institutional impartiality of the CBA process

the lack of a sustainability criterion in cost-benefit decision-making.

~No ok wN e

The various stages of the cost-benefit analysis methodology are the following:

1 project definition
2 classification of impacts:
i timing impacts
i irrelevant impacts
iii estimation of impacts
iv additionality of with-minus-without
3 conversion into monetary terms:
i adjustments for inflation
ii adjustments for shadow prices
4 discounting:
i pure time preference and opportunity costs
ii productivity of capital
5 project assessment under the net present value (NPV) and internal rate of return
(IRR) tests:
i net present value
ii distributional assessments
6 sensitivity analysis (Edwards-Jones et al., 2000).

The high uncertainty about the estimations of the external environmental costs is one
of the main reasons why the classic cost-benefit analysis is not considered very useful
to support environmental policies. The literature on external costs provides several
studies accounting for a large part of uncertainty by means of appropriate statistical
and sensitive analysis. By elaborating these results, the analysis described seems to
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support the conclusion that centralized supply, and especially the completely electric
solution (based on the reversible electric heat pump), is still preferable to natural gas-
fired combined heat and power (CHP) distributed generation. This is not a definitive
conclusion but a useful (scientific based) contribution for policy decisions under the
state of the art. The European Commission is indeed advocating combined heat and
power distributed generation (CHP DG) as a contribution to greenhouse gas (GHG)
emission reduction as well as the recent European Directive on the promotion of
cogeneration is very favorable to micro-cogeneration and small CHP plants, on the
basis of their supposed environmental benefits (Gulli, 2006).

Environmental Impact Assessment (EIA) is the process of predicting the impact of
a planned activity, usually a project or policy, on the environment before that project/
policy is initiated. It is not an end in itself, rather the purpose of any EIA is to aid the
development decision. A good EIA ensures that decision-makers have available as
good information as possible when considering projects. The second layer within the
EIA is concerned with the process and structure of the EIA, while the third layer
within the EIA is concerned with the actual activities that take place within the EIA
structure (Glasson et al., 1999; Edwards-Jones et al., 2000). The examples of com-
puter models which could be used to predict impacts as part of environmental impact
assessments are given in Table 1.1.

The United Nations Economic commission for Europe (1991) has an altogether
more succinct and pithy definition: ‘an assessment of the impact of a planned activity
on the environment’. EIA is a systematic process that examines the environmental
consequences of development actions, in advance. The emphasis, compared with
many other mechanisms for environmental protection, is on prevention. The process
involves a number of steps, as outlined in Figure 1.1. EIA is normally wider in scope
and less quantitative than other techniques, such as cost-benefit analysis. The EIA
process has the potential, not always taken up, to be a basis for negotiation between
the developer, public interest groups and the planning regulator. The environmental
impacts of a project are those resultant changes in environmental parameters, in space
and time, compared with what would have happened had the project not been under-
taken. The parameters may be any of the type of environmental receptors noted previ-
ously: air quality, water quality, noise, levels of local unemployment and crime. Types
of impact are physical and socio-economic, direct and indirect, short-run and long-
run, local and strategic, adverse and beneficial, reversible and irreversible, quantita-
tive and qualitative, actual and perceived.

EIA was first formally established in the USA in 1969 and has since spread, in var-
ious forms, to most other countries. A 1985 European Community Directive on EIA
(Directive 85/337) introduced broadly uniform requirements for EIA to all EU
Member States and significantly affected the development of EIA in the UK. The
object of prediction is to identify the magnitude and other dimensions of identified
change in the environment with a project or action, in comparison with the situation
without that project or action. Prediction involves the identification of potential
change in indicators of such environment receptors. Scoping will have identified the
broad categories of impact in relation to the project under consideration. If a particu-
lar environmental indicator (e.g. SO, levels in the air) revealed a gradually increasing
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Table 1.1 Examples of computer models which could be used to predict impacts as part of

environmental impact assessments

Model Purpose
Crop estimation through resource and environment To test quickly and easily a variety of different
synthesis (CERES) - maize fertilization and irrigation schedules to

maximize maize (corn) production from a
given piece of land

Atmospheric greenhouse model (AGM) To analyze the consequences for the global
climate of various scenarios regarding the
production of carbon dioxide from fossil
fuel combustion

Range, livestock and wildlife model To help decision-makers understand and
evaluate policy alternatives for rangeland
management

Enhanced stream water quality model To provide tools for water quality planning by

simulating the behavior of the hydrologic and
water quality components of a branching
stream system or lake under the impact of a
wide range of pollutants

Waterborne toxic risk assessment model To estimate the risks of adverse human health
effects from substances emitted into the air,
surface water, soil and groundwater from a
source such as a coal-fired power plant

Adapted from Edwards-Jones et al., 2000

problem in an area, irrespective of the project or action (e.g. a power station), this
should be predicted forwards as the baseline for this particular indicator (Glasson
et al., 1999). Assessment of effects (including direct and indirect, secondary, cumula-
tive, short-, medium- and long-term, permanent and temporary, positive and negative
effects) having an impact on:

1 human beings, buildings and man-made features

2 flora, fauna and geology

3 land

4 water

5 air and climate

6 other indirect and secondary effects associated with the project (DOE, 1989).

Although methods and models for prediction can be classified in many ways, they are
not mutually exclusive. In terms of scope, all methods are partial in their coverage of
impacts, but some seek to be more holistic than others. Partial methods may be clas-
sified according to type of project (e.g. retail impact assessment) and type of impacts
(e.g. wider economic impacts). Some may be extrapolative, others may be more
normative. Normative approaches work backwards from desired outcomes to
assess whether a project, in its environmental context, is adequate to achieve them.
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Methods can also be classified according to their form, as the following six types of
model illustrate:

1 Mechanistic or mathematical models: describe cause-effect relationships in the
form of flow charts or mathematical functions. Mathematical models can also be
divided into deterministic and stochastic models. Deterministic models, like the
gravity model, depend on fixed relationships. In contrast, a stochastic model is
probabilistic.

2 Mass balance models: establish a mass balance equation for given ‘compartments’.
Inputs to the compartment could be, for instance, water, energy, food or chemicals;
outputs could be outflowing water, wastes, or diffusion to another compartment.

3 Statistical models: use statistical techniques such as regression or principal compo-
nents analysis to describe the relationship between data, to test hypotheses or to
extrapolate data.

4 Physical, image or architectural models: are illustrative or scale models that repli-
cate some element of the project-environment interaction.

5 Field and laboratory experimental methods: use existing data inventories, often
supplemented by special surveys, to predict impacts on receptors.

6 Analogue models: make predictions based on analogous situations. They include
comparing the impacts of a proposed development with a similar existing develop-
ment (Glasson et al., 1999).

The Environmental Impact Statement (EIS), sometimes known as the environmental
effects statement (EES), the environmental statement (ES) or as the environmental
impact assessment (EIA), depending upon country, is a document, prepared by a com-
ponent, describing a proposed development, or activity (or a plan, or program) and
disclosing the possible, probable, or certain effects of that proposal on the environ-
ment. An EIS should be comprehensive in its treatment of the subject matter, objec-
tive in its approach and should be sufficiently specific for a reasonably intelligent
mind to examine the potential environmental consequences, good and bad, of carry-
ing out, or not carrying out, that proposal.

An EIS usually includes the following: a full description of the proposed project, or
activity; a statement of the objectives of the proposal; an adequate description of the
existing environment likely to be affected by the proposal; the identification and analy-
sis of the likely environmental interactions between the proposal and the environment;
the justification of the proposal; economic, social and environmental considerations;
the measures to be taken with the proposal for the protection of the environment and an
assessment of the likely effects of those measures; any feasible alternatives to the pro-
posal; and the consequences of not carrying out the proposal for the component, com-
munity, region and state. The characteristics of a good EIS, EES or ES are:

1 asummary of the EIS

2 acronyms and initials should be defined

3 the list of contents

4 the authors of the EIS should be clearly identified
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5 a brief outline of the history of the proposed development
6 a full description of the proposed project or activity, its objectives and geographi-

cal boundaries

7 afull description of the existing environment likely to be affected by the proposal;

the baseline conditions; deficiencies in information; data sources; the proximity of
people, other enterprises

8 the alternative locations considered or alternative processes
9 the justification of the proposal in terms of economic, social and environmental

considerations

10 the planning framework, relevant statutory planning instruments, zoning
11 the identification and analysis of the likely environmental interactions

12

the measures to be taken with the proposal for the protection of the environment
and an assessment of their likely effectiveness

13 the implications for public infrastructure such as housing, schools, hospitals,

water supply, garbage removal, sewerage, electricity, roads, recreational facilities,
fire, police, emergency services

14 any cumulative effects from similar enterprises should be considered
15 proposals for annual reporting to the decision-making body on the implementa-

tion and environmental auditing

16 the contribution to sustainable development.

Structure of an EIA report is (Gilpin, 1995):

o Ol WN PP

oo

letter of transmittal to the decision-making body or person
recommendation

main findings

background history

proposal and EIS

the issues:

a) environmental

b) economic

¢) social

mitigation measures

planning context

appendices:

a) list of submissions from the public
b) location and site boundaries
¢) layout of buildings

d) transport network

e) visual assessment

f) air and water quality

g) noise, equipment and traffic
h) industrial wastes

i) alternatives

j) energy considerations



Potential and Representatives for Application of EMS to Food Industries 25

k) risks and hazards
I) emergency arrangements
m) rehabilitation.

The direct compliance costs of the assessment process do not appear to have proved a
significant problem for large companies, especially if the EA is integrated with feasibil-
ity studies. Usually direct costs are less than 1% of total project costs. In some instances
this involves planning 5 to 10 years ahead, or even longer in the case of electricity gen-
eration or other specific requirements. However, unexpected problems and delays might
arise which could not have been anticipated. These delays could arise from:

a lack of coordination

conflicting demands between agencies

the failure of agencies and governments to observe time limits
an unexpectedly large volume of public opposition
parliamentary opposition not reasonably anticipated
significant deficiencies.

OO, WN P

These indirect costs can be considerable, amounting to about 10% of total project
costs. They are particularly onerous in the case of a large electricity generating system
and transmission network. Typically, pollution control costs as a percentage of total
plant and equipment costs for: iron and steel industry, 20%; non-ferrous metals, 12%;
electricity generating plant, 11%. A most effective tool for improving the process is
the audit. Its primary purpose is to ensure that the development has taken place under
the terms and conditions imposed by the initial EIA process and its associated devel-
opment consent or planning approval (Gilpin, 1995).

A UNECE task force (1990) serves the following purposes: to monitor compliance
with the agreed conditions, to review predicted environmental impacts, to modify the
activity or develop mitigation measures in case of unpredicted harmful effects and to
review the effectiveness of environmental management. A preliminary plan for audit-
ing should be prepared during the EIA process and fully developed when a favorable
decision is made and it is shown in Figure 1.2.

During recent decades, there have been notable changes in the global and European
climate. Temperatures are rising, precipitation in many parts of Europe is changing
and weather extremes show an increasing frequency in some regions (IPCC, 2001).
According to the UN Intergovernmental Panel on Climate Change (IPCC), ‘there is
new and stronger evidence that most of the warming observed over the last 50 years
is attributable to human activities, in particular to the emission of greenhouse gases’
(IPCC, 2001).

Atmospheric indicators show that the concentration of carbon dioxide (CO,) in the
lower atmosphere increased from its pre-industrial concentration of 280 ppm (parts
per million) to its 2003 concentration of 375 ppm. This is the highest level in the last
500000 years. The impacts of climate change on the marine environment are covered
in this report by assessing the rise in sea level, the sea surface temperature and
changes in the marine growing season and species composition. Climate change
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Figure 1.2 The auditing framework linked to the EIA process (adapted from UNECE, 1990)

affects agriculture in many ways. Increasing atmospheric CO, and rising temperatures
may allow earlier sowing dates, enhance crop growth and increase potential crop
yield. Extreme weather events cause damage to industry, infrastructure and private
households. In Europe, a large number of all catastrophic events since 1980 are att-
ributable to weather and climate extremes: foods, storms and droughts/heatwaves.
Economic losses resulting from weather and climate related events have increased
significantly during the past 20 years (http://reports.eea.europa.eu/climate_report_2_
2004/en/impacts_of _europes_changing_climate.pdf). The summary of trends and
projections of indicators is shown in Table 1.2.
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Table 1.2 Summary of trends and projections of indicators

Indicators

Atmosphere and climate
Greenhouse gas concentrations

Global and European air
temperature

European precipitation

Temperature and precipitation
extremes

Glaciers, snow and ice
Glaciers

Marine systems
Rise in sea level

Sea surface temperature

Marine species composition

Terrestrial ecosystems and biodiversity
Plant species composition

Plant phenology and
growing season

Agriculture
Crop yield

Key messages

e Due to human activities, the concentration of carbon dioxide

(CO,), the main greenhouse gas, has increased by 34% compared
with pre-industrial levels, with an accelerated rise since 1950

e To achieve the EU long-term objective of limiting global

temperature rise to 2°C, global emissions of greenhouse gases
need to be reduced substantially from 1990 levels

e The global average temperature has increased by 0.7 £0.2°C

over the past 100 years. The 1990s were the warmest decade
in the observational record; 1998 was the warmest year,
followed by 2002 and 2003

e Annual precipitation trends in Europe for the period 1900-2000

show a contrasting picture between northern Europe (10-40%
wetter) and southern Europe (up to 20% drier). Changes have
been greatest in winter in most parts of Europe

e In the past 100 years the number of cold and frost days has

decreased in most parts of Europe, whereas the number of
days with temperatures above 25°C (summer days) and of
heatwaves has increased

e Glaciers in eight out of the nine glacier European regions are in

retreat, which is consistent with the global trend

e From 1850 to 1980, glaciers in the European Alps lost

approximately one third of their area and one half of their
mass. Since 1980, another 20-30% of the remaining ice has
been lost

e By 2050, about 75% of the glaciers in the Swiss Alps are likely to

have disappeared

® The projected rate of sea level rise between 1990 and 2100 is 2.2

to 4.4 times higher than the rate in the 20th century and sea
level is projected to continue to rise for centuries

e No European sea shows significant cooling

e Over the past 30 years there has been a northward shift of

zooplankton species by up to 1000 km and a major
reorganization of plankton ecosystems

e Climate change over the past three decades has resulted in

decreases in populations of plant species

e By 2050 species distribution is projected to become substantially

affected in many parts of Europe

® The average annual growing season in Europe lengthened by

about 10 days between 1962 and 1995 and is projected to
increase further in the future

e Greenness (a measure of plant productivity) of vegetation

increased by 12%, an indicator of enhanced plant growth

e Agriculture in most parts of Europe, particularly in mid and

northern Europe, is expected potentially to benefit from
increasing CO, concentrations and rising temperatures

(Continued)
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Table 1.2  (Continued)

Indicators Key messages

e The cultivated area could be expanded northwards
e During the heatwave in 2003, many southern European countries
suffered drops in yield of up to 30%

Economy

Economic losses e In Europe, 64% of all catastrophic events since 1980 are directly
attributable to weather and climate extremes: foods, storms and
droughts/heatwaves; 79% of economic losses caused by
catastrophic events result from these weather and climate related
events

Adapted from
http://reports.eea.europa.eu/climate_report_2_2004/en/impacts_of_europes_changing_climate.pdf

Parameter Parameter Parameter Parameter
X1 X2 X3 Xn

Transformation
9 (X4, X2, X3, - - - Xp)

Air
Pollution
Index

Figure 1.3 Index calculation (adapted from Rao and Rao, 2000)

An “‘Aiir Pollution Index’ can be defined as a scheme that transforms the (weighted) val-
ues of individual air pollution related parameters (for example, sulfur dioxide concentra-
tion or suspended particulate matter) into single number or set of numbers. Index
calculation is shown in Figure 1.3. Air quality indices can be broadly classified into two
groups: i) short-term indices and ii) long-term indices. These indices are commonly used
by the local and state air pollution control agencies. These indices are very helpful for the
purpose of assessing the effectiveness of enforcement policies with regard to pollution
control measures, in improving air quality. A typical rating scale for indices is given in
Table 1.3. Generally the parameters used for calculating the air pollution index are
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Table 1.3 Typical rating scales for air pollution indices

Index values Remarks

0-25 Clean air

26-50 Light air pollution
51-75 Moderate air pollution
76-100 Heavy air pollution
>100 Severe air pollution

Adapted from Rao and Rao, 2000

suspended particulate matter (SPM), sulfur dioxide (SO,), carbon monoxide (CO), nitro-
gen dioxide (NO,), photochemical oxidant (principally ozone O;) and hydrocarbons. A
standardized index (uniform air pollution index) should satisfy the following criteria:

include major pollutants

calculated in a simple manner

consistent with perceived air pollution levels
spatially meaningful

exhibit day-to-day variation

relate to ambient air quality standards and goals
can be forecast a day in advance (if possible).

~No ok wN e

There are several methods and equations used for determining the air pollution index
(Rao and Rao, 2000). A few of these methods and equations are given in Table 1.4.
Large amounts of fuels, burned in various types of furnaces, are one of the main
sources of pollution in the environment. Flue gases pollute the atmosphere and the asso-
ciated ashes pollute soil and water. To compare the influence of various fuels burned in
different installations on the environment, one universal index would be helpful. Such a
coefficient, which represents the harmfulness of combustion processes of a particular
fuel in a particular installation, is defined in a report. This coefficient takes into account
the composition of the fuel, the thermal efficiency of the installation, the type and
process efficiency of creation of harmful compounds in the combustion chamber, effi-
ciency of cleaning devices, ability of emitter to propagate pollutants into the atmos-
phere, as well as the relative toxicity of various components. Finally, methods of
calculation of propagation of pollutants in the atmosphere are introduced. All these fac-
tors are essential for a reliable assessment and comparison of fuel and installations. An
individual coefficient of harmfulness could be calculated for each compound present in
the fuel gases as well as a total coefficient for all compounds. Each compound created
in the combustion processes is the source of many types of environmental impact. It
could have significant influences on human health, plants and animals as well as, for
example, on the corrosion process taking place in many different installations. It has to
be taken into consideration that the result of a combustion process could appear in many
different places, sometime distant from the place of the process itself. All these results
should be analyzed and introduced into the universal coefficient of ‘harmfulness’ of
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Table 1.4 Methods and equations used for determining the Air Pollution Index

Method

1st method

2nd method

3rd method

4th method

5th method

6th method

Characteristics

Itis tried to relate the existing pollution

level of various pollutants to their ambient
air quality standards, with the standard
being assumed as the reference base line

for each pollutant and then converting the
concentration of pollutants into a percentage
of the standard

The Air Pollution Index is then obtained by
adding the percentages for the several
pollutants considered

The average of the sum of the ratios of
three major pollutant concentrations to
their respective air quality standards is
obtained

The average is then multiplied by 100 to
obtain the index

Air Pollution Index is calculated from five
sub-indices

Each sub-index is obtained by assigning
sub-index values for particular ranges of
pollutant concentrations

This method is known as the maximum type
It is used for only one pollutant index
among the several pollutants

This method is used for only two common
pollutants

These pollutants are taken into account
while calculating the Air Pollution Index

This method is used for only one major
pollutant

This pollutant is taken as the basis for
reporting the Air Pollution Index

Adapted from Rao and Rao, 2000

Equation and examples

For example, in case of six pollutants:
I = 1/6 TA;, A, =C/S; X100

I = Air Pollution Index

A; = Air Pollution Sub-index

C; = Concentration of pollutant

S; = Air quality standard for
pollutant

For example, in case of three major
pollutants in a city: particulate
matter, sulfur dioxide and carbon
monoxide:

APl =1/3 (PM/Spy +50,/Ss0,
+CO/Sco) X100

Sem» Sso, and Sco =ambient air
quality standards for particulate
matter, sulfur dioxide and carbon
monoxide, respectively

| = ZA

| =Air Pollution Index
A; =Air Pollution Sub-index

The only one pollutant index is the
highest one

For example, the pollutants are
particulate matter and sulfur dioxide

For example, the pollutant is ozone
concentration

specific compounds. Economic parameters and methods are important and therefore are
also introduced into the assessment method (Pikon, 2003).

Levitan (1997, 2000) proposed a typology to distinguish among three quite differ-
ent types and applications for pesticide impact assessment tools (which are also
known as ‘pesticide risk indicators’):

1 decision support systems for farmers and other property managers
2 ‘ecolabeling’ or “‘green labeling’ systems designed to influence consumer opinion and
market behavior
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3 indicators of impact and risk used by governments, industry and academia to assess
policies and programs.

These types are differentiated by their objectives, decision-makers, factors or vari-
ables considered, arena of activity, scale and unit of analysis, handling of an economic
dimension, format of results and method or approach. A number of different types of
risks are associated with pesticides including the risk of;:

unintended adverse effects on non-target biota

exposure, i.e. risk of pesticide residues on food

pest resistance of pest controls

disease or loss of food and fiber because pests are not controlled
harm to natural or agro-ecosystem

greater cost for pest control

consumption and degradation of resources.

~No ol wWwN e

Both the Environmental Impact Quotient (EIQ) developed by Kovach et al. (1992)
and the California Seminar system developed by Pease et al. (1996) focus on agricul-
tural pesticides uses.

In this typology, a range of assessment systems used for many distinct purposes fall
under the rubric of policy tools. More specifically, the types of policy tools include:

screening systems to assess quickly preliminary data for hazard signals

analyses by regulatory agencies that evaluate pesticide use and risks over time
evaluations of risks from individual pest control products and practices

criteria for pesticides usage tax programs

evaluations of the success and/or relative or absolute costs and benefits of programs
and policies

assessments of the adoption of IPM on farms and in schools

7 evaluations of the success of IPM in meeting its objectives to control pests. The
typology of pesticide risk indicators is given in Table 1.5.

OB wWN P
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A number of pesticide ranking systems are based on simple algebraic equations, using
a format similar to plant breeding selection indexes (Cotterill and Dean, 1990) and
multiattribute indicators used in the social sciences (Putnam, 1993). A generalized
form of these equations is:

Environmental Impact Index Valuecomposite =T (D1X1 + DoXo + DX + -+ + biX;)

An array of index values for a set of variables, with no composite index value calcu-
lated is given in Table 1.6.

Consumers Union’s agricultural pesticide risk index was developed by Charles
Benbrook and others (1996) to assess whether regulatory policies have succeeded in
reducing pesticide risk since the US Federal Insecticide, Fungicide and Rodenticide
Act (FIFRA) was revised in 1972. Two weighted indexes of risk were derived, one from
acute toxicity indicators for mammals and another from chronic toxicity indicators.
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Table 1.5 Typology of pesticide risk indicators

Criteria

Objectives

Decision-maker

Factors or variables
considered

Scale of analysis
Unit of analysis

Economic dimension

Format of results

Method or approach

Category of Pesticide Risk Indicator
Decision support

Inform re: potential environmental
and economic consequences of’
pest management decision

Property owner, manager
(e.g. farmer)

All factors taken into account in
making the decision

Field or enterprise

Pest management incident
or strategy

When included, typically just
production costs

Link process with result in
workbook or computerized
expert system

Interactive decision-tree

Adapted from Levitan, 2000

Ecolabel

Encourage production and purchase
of goods that meet a set of
environmentally-sensitive criteria

Group providing accreditation;
consumer

Set of factors deemed important by
group conferring the ecolabel

Farm or food processing facility

Output from a facility (e.g. the
apples from a farm)

Choice exercised by consumer; price
premium and/or increased market
share for producer

Separate decision process from
result with ecolabel on product

Checklist of criteria

Policy analysis

Monitor trends in pesticide
use and risk; warn about
hazards/potential risks

Researchers, advocates,
policy-makers

Single or multiple factor(s)
relevant to specific policy
or issue

Production region, nation,
world

Total quantity of pest
control products

Cost to society, market
externalities

Tabular or graphical results
summary

Algebraic equation or
screening checklist

Table 1.6 An array of index values for a set of variables, with no composite index value calculated

Environmental indicators

1
Pesticide A Index value A,
Pesticide B Index value B,
Pesticide C Index value C;

Adapted from Levitan, 1997

2 3

Index value A,
Index value B,
Index value C,

Index value Az
Index value B3
Index value C5

Index value A;
Index value B;
Index value C;

These indices were used in combination with US agricultural pesticide usage data for
1971, 1982 and 1992 to assess trends (Table 1.7). Results indicate that the trend in pes-
ticide risk to public health has been flat — neither acute nor chronic risks to human
beings have declined from 1971 to the present. For each of three years studied, a dozen
or fewer active ingredients account for most (=75%) of the pesticides applied in each
major class (herbicides, insecticides and fungicides). Charles Barnard, an economist
with the Environmental Indicators Branch of USDA Economic Research Service
(ERS), has developed two indicators of pesticide risk to human beings that were pub-
licly unveiled in the “Pesticide Use’ module of the USDA ERS Agricultural Handbook
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Table 1.7 Consumer Union Index of pesticide risk equation factors

Variables Indicators

Acute toxicity to human beings Rodent LDsq values
Reference dose (RfD)

Chronic toxicity to human beings Cancer potency (Q¥)

EPA cancer classification (Group A, B, C)
Endocrine system disruption potential
Agricultural use Pounds applied in US agriculture/year

Adapted from Benbrook et al., 1996

entitled ‘Agricultural Resources and Environmental Indicators’ (1997). Historically,
ERS has relied on pounds of pesticides applied as the basis of pesticide usage data.
Pesticide weight was therefore also being used as the de facto proxy for pesticide risk.
Currently, several initiatives are underway at ERS to develop other risk indicators.
Among these are Barnard’s potential risk measures for acute and chronic toxicity based
upon ‘toxicity/persistence units’ (TPUS). The objective is to improve time series analy-
sis of national pesticide risk by using these as toxicity-weighted measures of pesticide
use. The method also enables identification of geographic regions at greater risk from
pesticide use and identification of pesticide classes and uses posing greatest risk.
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Introduction of ISO 14000

The Green revolution has motivated consumers toward more environmentally friendly
products. A product can be only qualified as being environmentally friendly when its life
cycle “from cradle to grave’ respects the needs of the environment (Stauffer, 1997).
Strong public pressure in Europe and the USA has compelled companies to develop
their own environmental management systems (EMS). The EMS considers a company’s
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organization and the actions it takes with respect to environmental issues (Begley,
1997). Organizations contemplating the implementation of ISO 14000 should first eval-
uate the impact that an EMS will have on its internal structure and its ability to provide
the comprehensiveness required to meet the external expectations. The management of
environmental issues has radically changed the prevailing mentality from formal com-
pliance with legislation to one of stewarding business operations voluntarily to meet
environmental goals and objectives. ISO 14000 envisages the establishment of a proac-
tive environmental management (http://www.envir.com/iso/).

The introduction of a set of new worldwide standards addressing environmental con-
cerns, known as 1SO 14000, is opportune because it offers a means of resolving
extremely complex and controversial issues (Stauffer, 1997). The ISO has more than
130 member countries and its function consists of harmonizing existing national techni-
cal standards. 1SO has previously implemented the 9000 standards which established a
global standard of quality management. Strongly favored and supported by European
companies, 1SO 9000, though a voluntary standard, became a presupposition for most
international companies that wished to extend their business in Europe. Although it was
anticipated that a similar procedure would take place regarding the environmental stan-
dard 1SO 14000, and that most international companies would require their suppliers to
be certified (Tropea, 1997), this was not the case. Those opposed to ISO 14001 believed
that it would only result in too much paperwork and very few benefits. Companies ques-
tioning the value of registration face several uncertainties. In particular, their main con-
cern focused on understanding whether non-compliance with regulations, discovered
during 1SO 14001 auditing, could possibly result in exorbitant fines from government
agencies, or whether 1SO 14001 registration might be used by the governmental agen-
cies as a means for reducing requirements for reporting, record keeping or monetary
fines against companies. The fear of the initial cost of implementing an EMS was dis-
couraging to some organizations especially smaller companies (Johannson, 1997;
Petroni, 2001). Figure 2.1 shows the current state of 1ISO 14001 certificates worldwide.

The emergence of global environmental
awareness

Although one of the first international symposia was held in Princeton, New Jersey, the
world had to wait another 24 years before the introduction of an international standard
(ISO 14000) (Tansey and Worsley, 1995). Some of the most important milestones that
led to the development of the environmental standard 1SO 14000 are given synoptically
in Table 2.1. There is a growing critique on intensive agriculture developed in the indus-
trial world which, though productive from a short-term economic viewpoint, has sub-
stantially reduced the biological complexity of farming systems because of its imposed
strict production control aimed at increasing capital and energy inputs (Tansey and
Worsley, 1995). The significance of the sustainable development concept to the emerg-
ing worldwide interest in environmental management is clearly shown by the voluntary
adoption of many codes and charters that promote sustainability. One of the most
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Table 2.1 Conception and development of various environmental standards across the world

which led to 1ISO 14000

Year Event
1955 Princeton (USA). International Symposium on Environment
1972 Stockholm. United Nations’ sponsored conference on Human Environment
1980 Washington. Carter administration published its Global 2000 Report
1984 Responsible Care
1987 a) 1SO 9000
b) Common Future
c) Montreal Protocol
d) SAGE recommends international trade
1988 a) CMA (USA)
b) SAGE recommends international trade
1989 a) Costa Rica established INBio
b) CERES
1991 Keidahren Charter (Japan)
1992 a) EU proposed Eco-Audit Management Regulation
b) BS 7750
1993 EU agrees to adopt EMAS and EMAS is published
1994 BS 7750 revised
1995 EMAS goes into effect
1996 ISO 14000: 1996 series
2004 ISO 14000: 2004 series

Worsley, 1995; Tibor and Feldman, 1997

notable examples is the Business Charter for Sustainable Development developed by the
International Chamber of Commerce (Tibor and Feldman, 1997). The 1SO 14000 series
emerged primarily as a result of the Uruguay round of the GATT negotiations (to reduce
trade barriers) and the Rio Summit on the protection of the environment held in 1992.
Over the past ten years, a steady growth of national and regional environmental stan-
dards has occurred (Boudouropoulos and Arvanitoyannis, 1999, 2000). The United
Nations Conference on Environment and Development, or Earth Summit, Rio de Janeiro,
Brazil, 1992, was convened to address global environmental issues and recommend solu-
tions. The two most important results of this conference were the compilation of Agenda
21 and 1SO 14000. The former is a comprehensive set of guidelines for achieving sustain-
ability and was overwhelmingly adopted by 172 nations at the conference. ISO 14000
stands for a series of standards among which I1SO 14001 addresses environmental man-
agement and pollution prevention (http://www.quality.co.uk/quality). By late 1994, sev-
eral European countries had stated their intention to commit themselves to the basic
principles of sustainability as expressed and formulated in the 1992 Rio Earth
Summit. As for the USA, despite their leading role in developing national environ-
mental legislation and environmental technology in the late 1960s and the early
1970s, they saw their role gradually shrinking by the late 1980s despite some isolated
efforts such as the establishment of the Environmental Technology Initiative (ETI)
in 1993 and the President’s Council on Sustainable Development (PCSD) (Haklik,
1998).
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New regulations requiring EMS in place are currently implemented in most coun-
tries. It has been a great challenge for the environmental management to decide which
systems to design and how to implement them in a cost-effective way (Lash and
Buzzelli, 1995). When one adds the comprehensive management systems that will
now be required for 1SO 14001 certification, the task for the environmental manager
could easily become overwhelming. The first two published standards are ISO 14001
(EMS - Specification with guidance for use), and 1ISO 14004 (EMS - General guide-
lines on principles, systems and supporting techniques). These two documents are the
pillars of the ISO 14000 series since they specify the requirements against which a
company’s EMS is to be judged. Further documents regarding auditing principles and
procedures, auditor qualifications and life cycle assessment principles have been
approved and published since October 1996.

Since 1997, various ISO 14000 committee documents have reached the draft inter-
national standard (DIS) stage. These documents focus on environmental labels and
declarations, life cycle assessment and environmental management terms and defini-
tions (http://www.envir.com/iso/; Hunt and Johnson, 1995).

Several proposed standards have been involved in the merging of environmental
management and standardization. Figure 2.2 illustrates several of these environmen-
tal standards, such as BS7750, that have been considered. Many different organiza-
tions and individuals around the world have worked on the proposed standards in an
attempt to make them as convenient as possible, user friendly and acceptable to all the
countries that have endorsed 1SO 14000 (http://www.scc.ca/iso14000/infobref.html).

Technical Committee 207 (TC 207)

The Strategic Advisory Group for the Environment (SAGE) recommended that the
ISO should establish a new technical committee to develop standards in most of the
following areas of:

Environmental management systems (EMS)
Environmental auditing (EA)

Environmental performance evaluation (EPE)

Life cycle analysis (LCA)

Environmental labeling (EL)

Terms and definitions (TandD)

Environmental aspects of product standards (EAPS).

By early 1993, the ISO Technical Management board approved the SAGE recommen-
dations and established a new technical committee, TC 207, to be responsible for the
development of these standards. The management of the TC 207 secretariat was
awarded to the Standards Council of Canada. In June 1993, the first plenary meeting
of the new technical committee was held in Toronto (Canada).
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The TC 207, based on the recommendations of SAGE, set up six subcommittees and
a working group with secretariats based in different countries (noted in parentheses):

SC1 Environmental management systems (UK)

SC2 Environmental auditing (The Netherlands)

SC3 Environmental labeling (Australia)

SC4 Environmental performance evaluation (USA)

SC5 Life cycle analysis (France/Germany)

SC6 Terms and definitions (Norway)

WG1 Environmental aspects of product standards (Germany).

The standards developed by TC 207 could be divided into two categories: organiza-
tional and product-related (Kuhre, 1995; Barg, 1996).

Environmental management systems (EMS)

What is environmental management?

An EMS is a set of managerial activities defining the environmental policy and its objec-
tives implementing these activities by means of planning for environmental objectives,
measurement of results and the control of environmental effects (http://www.tc207.
org/articles/).

EM is a tool for an organization to keep aware of the interactions that its products
and activities have with the environment and to achieve and continuously improve the
desired level of environmental performance (EP) (http://www.infomintl.com/
managesyslinks.html).

What is an environmental management system?

It is the part of the overall management system which focuses on organizational struc-
ture, planning activities, responsibilities, practices, procedures, processes and resources
for developing, implementing, achieving, reviewing and maintaining the environmental
policy.

What is environmental policy?

They are goals and general objectives endorsed by the company concerning the environ-
ment. The adopted environmental policy should respect the corresponding environmen-
tal legislation and regulations. A prerequisite for making an appropriate selection of
objectives and targets is the evaluation of environmental effects (Tibor and Feldman,
1997). A guiding principle in choosing and prioritizing objectives and targets is that
these should address significant environmental effects, although 1ISO 14000 does not
require that all these problems be simultaneously resolved (Lash and Buzzelli, 1995).
The International Standardization Organization’s (ISO) vision of an EMS includes
establishing an environmental policy that reflects ‘the commitment of top management
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of the company to compliance with applicable laws and continuous improvement’
(Fredericks and McCallum, 1995). That policy forms the basis for setting objectives
and targets and executing an environmental management program to achieve them
through organizational structures, management controls and accountability. It also
involves measuring and monitoring progress toward the targets, addressing problems
and analyzing and revising the management system. However, specific performance
goals are not part of an EMS (Begley, 1997).

To prevent organizations from either copying someone else’s policy or writing
flowery policies, the standard also requires that the organization ensures that its envi-
ronmental policy satisfies two important conditions: the policy must be appropriate to
the nature, scale and environmental impacts of its activities, products or services; a
commitment must be stated with regard to continuous improvement, pollution preven-
tion, compliance with relevant environmental legislation and regulations, or other
requirements to which the organization subscribes (Jackson, 1997).

The organization’s environmental policy must be documented, implemented, main-
tained and communicated to all employees and also available to the public (Lamprecht,
1996). The most basic requirements of an EMS are to establish and maintain an EMS
including all requirements as described in the standard. The representative model for an
EMS is based on five basic steps which are discussed in more detail in Table 2.2.

Table 2.2 The five basic EMS steps

1 Commitment Defining its environmental policy (EP) and ensuring commitment
and policy to it. Top management commitment to continuous improvement of
the EMS, prevention of pollution and compliance with applicable law.
EP relevant to the nature, scale and environmental impacts of
activities, products and services. Policy documented, available to
the public and communicated to employees

2 Planning Development of a cross-functional team and identification of
significant environmental impacts of activities, products and
services, along with legal and other standards. Setting objectives
and quantifying them wherever feasible

3 Implementation Providing resources and support mechanism necessary to achieve
the environmental policy and the objectives and targets. Defining
the roles and responsibilities of all involved in the process,
including senior management representatives. Identifying activities
and processes with significant environmental impacts and
implementing procedures to manage these activities and processes
and training procedures

4 Measurement Measuring, monitoring and evaluating its environmental
and evaluation performance against its objectives and targets. Generation of
specific procedures for conducting performance evaluations.
Conducting EMS audits to identify areas that require improvement
and non-conformances that must be corrected

5 Review and Developing procedures to review and continuously improve the EMS,
improvement with the objective of comparing the actual performance with targets

Tansey and Worsley, 1995; Hunt and Johnson, 1995; Shah, 1997; Jackson, 1997;
http://www.mgmt14k.com/
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The characterization of environmental effects envisages identifying those past, present
and planned organization’s activities, products or services that have or could have an effect
on the environment. It is required to consider the complete life cycle of products/services
to assess the environmental effects. The characterization involves the following exercise:

1 Preparation of a material flow diagram (MFD) of materials (raw material, energy,
water) between various sections/departments/units, starting from the receipt
through the processing and finally to dispatch should be drawn

2 Preparation of a process flow diagram (PFD) in which steps of the process within a
section/department, unit, through which materials flow, should be sketched

3 Carrying out mass balance (MB). After completing the process flow diagrams, the
mass balance should be carried out for every significant step of the PFDs. For the
mass balance, the format shown in Figure 2.3 may be used

4 Preparation of effects identification matrix.

Criteria and issues of an EMS

In executing an EMS audit, one should always keep in mind that the basic questions
that should be answered are:
Is the EMS complete?

1 Environmental policy
2 Environmental program

Air
emissions

Input > Operations

Solid/liquid Discharges Discharges
waste to land to water

Figure 2.3 Mass balance (adapted from Arora, 2000)
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Organizational structure, tasks, responsibilities, authorities
Internal and external communications

Procedures, instructions

Training and competence

Measuring and recording

Corrective mechanisms

Environmental auditing and management review processes
Emergency procedures and plans

Questions relating to environmental policy could then be:

1
2
3

4

Has the environment policy been established in writing?

Has it been communicated to all employees?

Is it appropriate to the nature, scale and environmental impacts of the activities,
products and services?

Does it include a commitment to continual improvement of the environmental
performance and to prevention of pollution?

Is it the right EMS for the activities involved?

This involves checking whether the EMS elements have been properly tailored to the
nature and the complexity of the organization’ activities and to the environmental
aspects and impacts that are linked to them. For this criterion it will be necessary to
check issues such as:

O© O ~NO O WN -

e
(I )

Local situation of the company

Air, water emissions and discharges
Waste production and disposal

Soil pollution

Handling and storage of raw materials, chemicals and hazardous substances
Collection and disposal of wastes
Technical environmental provisions
Process performance and management
Environmental risks

Maintenance aspects

Is EMS properly implemented?

The auditor should check whether the system has really been implemented at all
levels and activities in the organization. Moreover, this check will have to be done by
sampling. Checklists may include:

1

g b~ N

Availability and implementation of procedures

Training records

Availability of records and measurement reports

Whether the environmental policy has been communicated to all employees

Is the EMS suitable for meeting the environmental policy and objectives of the
organization?
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One can have a complete system, it can be tailored well to the nature and the complex-
ity at hand, it can be implemented well and still it may not be sufficient to fulfill the orga-
nization’s environmental policy and objectives. Therefore, the audit should also take into
account checking the real environmental policy and objectives. Checks may include
(Arora, 2000):

1 Checking measurements of emissions and discharges against objectives
2 Checking specific provisions in licenses and regulations for compliance.

Benefits of implementing ISO 14000

Among the benefits of 1ISO 14000 certifications are enhancement of a company’s public
image and defense strengthening against lawsuits. Mismanagement of environmental
regulations can cause harsh penalties to companies and time-consuming lawsuits for not
adhering to these regulations. The ISO 14000 standard can be modified, customized and
implemented to meet the site-specific operations and business model (http://mww.
envir.com/iso/; Goodchild, 1998). The fear of the initial cost of implementing an EMS
can be discouraging to some organizations, especially smaller companies. The compa-
nies that have not started even to consider how they might implement an EMS may find
that their competitors are leaving them behind (http://Awww.mgmtl4k.com/).

Companies that have implemented an EMS have realized improvements in the fol-
lowing areas (http://www.envir.com/iso/; Tansey and Worsley, 1995; http://www.
mgmtl4k.com/; Goodman, 1998; Petroni, 2001):

Improved efficiency of operations and processes
Environmental liability

Reduced operating cost

Management of supply change

Increased productivity

Improved financial performance

Maintenance of consistent compliance with legislative and regulatory requirements
Declining paperwork

Waste reduction

Improved community and customer relations

Employee motivation

Improved environmental performance

Potential impact on world trade

Improved customer satisfaction

Assurance of conformity through third party verification
Cooperation between management and employees
Increased product quality

Employees’ responsibility

Increased domestic market share.
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Although pollution reduction is the goal of ISO 14000, its expected reduction is neither
clearly prescribed nor quantified. Therefore, reduction results from voluntary actions
supported by the management system. A challenge facing supporters of ISO 14000 is
convincing companies to register to the standard because of the perception in industry
that the benefits of registration may not outweigh the costs of the effort. In the USA,
companies are accustomed to complying with environmental regulation and recognize
such efforts as a cost of doing business. Although 1SO 14001 provides a standard and
comprehensive approach to EMS with many benefits to registration, it is possible that
companies can have an effective EMS in place and good environmental performance
without registration (http://www.iso14000.com/).

ISO 14000: a new approach

ISO 14000 embodies a new approach to environmental protection by challenging each
organization to establish its own objectives and targets, commit itself to effective and
reliable processes and continuous improvement and bring all employees and managers
into a system of shared and enlightened awareness and personal responsibility for the
environmental performance of the organization. Recent industrial accidents, occasion-
ally entailing significant human and environmental harm, proved that regulatory com-
pliance is not adequate for ensuring protection against environmental degradation. As it
becomes clear that compliance was not a complete prescription for environmental pro-
tection, awareness arose that a more proactive system such as ISO 14000 was needed
(Haklik, 1998).

From a strategic viewpoint, many organizations are focusing on issues such as quick
response (to customer needs), customer relationships, core competence and continuous
improvement, in addition to conventional indicators, including cost control and technol-
ogy (http://www.scc.ca/iso14000/). Implementing an ISO 14001 EMS system could
positively influence customers’ perceptions about companies (Fredericks and
McCallum, 1995).

ISO 14001 provides a framework to direct the use of organizational resources to the
full breadth of actual and potential environmental impacts through reliable management
processes and a base of educated and committed employees. Regulatory compliance is
now a normal result of this management strategy, along with awareness, sensitivity and
preparedness, greater reliability and consistency in meeting environmental objectives
and greater confidence in the organization’s ability to prevent accidents (Haklik, 1998).

The EMS can be documented in an environmental manual, or maintained in sec-
tions of the company’s quality or operation manual. The EMS should clearly state the
company’s environmental goals (Tansey and Worsley, 1995). The real value and con-
tribution of the 14001 standard can only be realized when it is used as a set of practi-
cal, certifiable tools to implement an environmental strategy. As with any good overall
business strategy, the main focus of the environmental strategy needs to be the posi-
tion of the firm and its products and services and its stakeholders (Cascio et al., 1996).
Effective environmental strategy implementation requires the definition of proactive
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Table 2.3 The development of the ISO 14000 series

ISO 14000 Guide to environmental management systems: general guidelines

ISO 14001 Environmental management systems - Specification with guidance for use

ISO 14004 Environmental management systems - General guidelines on principle, systems and
supporting techniques

ISO 14010 Guidelines for environmental auditing - General principles of environmental auditing

ISO 14011/1  Guidelines for environmental auditing - Audit procedures - Auditing of environmental
management systems

ISO 14012 Guidelines for environmental auditing - Qualification criteria for auditors

ISO 14013 Management of environmental audit programs

ISO 14014 Initial reviews

ISO 14015 Environmental site assessments

ISO 14020 Environmental labeling - General principles

ISO 14021 Terms and definitions for self-declaration environmental claims

ISO 14022 Environmental labeling - symbols

ISO 14023 Environmental labeling - testing and verification methodologies

ISO 14024 Environmental labeling - guiding principles, practices and criteria for multiple
criteria-based practitioner programs - guide for certification

ISO 14031 Evaluation of the environmental performance

ISO 14040 Environmental management - Life cycle assessment - principles and guidelines

ISO 14041 Environmental management - Life cycle assessment - goal and definitions/scope and
inventory analysis

ISO 14042 Environmental management - Life cycle assessment - Life cycle impact assessment

ISO 14043 Environmental management - Life cycle assessment - interpretation

ISO 14050 Terms and definitions guide on the principles for ISO/TC SC6 terminology work

ISO 14060 Guide 64 for the inclusion of environmental actions in product standards

http://www.envir.com/iso/; Thayer, 1996; Tibor and Worsley, 1997; Boudouropoulos and
Arvanitoyannis, 1999; http://www.trst.com, http://www.scc.ca/iso14000/

stakeholder management processes which support sustainable development and assist
reconciliation of occasionally conflicting stakeholder interests (Canter, 1995; Thayer,
1996). The articles included in the ISO 14000 series are given synoptically in Table 2.3.

ISO 14001: what it is and what it is not

ISO 14001 requires that an organization develops an EMS to address all its environ-
mental objectives and targets and describes how each will be achieved. The program
must include a specific plan describing the actions required to meet each objective and
target, the person(s) responsible for meeting each objective and a detailed time scale
of when each target is due to be attained. Objectives and targets are usually prioritized
within the program, but all of them must be included (Tansey and Worsley, 1995;
http://www.trst.com).

One valuable feature of the 1ISO 14001 standard is the inclusion of a comprehensive
and informative annex (Lamprecht, 1996). These core elements are recognized by all
the countries (involved) as the minimum that would be acceptable on a global basis
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(http://www.scc.ca.iso14000/). Not surprisingly, the scope of 1SO 14001 is very broad
and is intended for “all types and sizes of organizations’.
The standard is applicable to any company/organization that wishes to:

e Implement, maintain and improve an EMS

e Assure itself of its conformance with its stated environmental policy and demon-
strate it to others

® Seek certification/registration of its EMS by an external organization

® Make a self-determination and declaration of conformance with this environmen-
tal standard.

The opening paragraphs of 1SO 14001 emphasize the following general objectives:
supporting environmental protection in balance with socio-economic needs. The
EMS can be integrated with other management requirements as found in the 1SO
9000 series, for example.

In order to achieve environmental objectives, the EMS should encourage organiza-
tions to consider implementation of the best available technology where appropriate
and where economically viable (EVABAT).

The standard is not intended to address and does not include requirements for
aspects of occupational health and safety management. It does not seek to discourage
an organization from integrating such management system elements. Furthermore,
the standard does not state specific environmental performance criteria (Lamprecht,
1996).

Faced with society’s increasing expectations, the Common Agricultural Policy
(CAP) review considers environmental management to be an ever more critical crite-
rion in the allocation of farm subsidies. With the goal of evaluating the environmen-
tal friendliness of farm practices, France’s agricultural research and extension
services have built a range of agricultural/environmental diagnostic tools over recent
years. Galan et al. (2007) compared the five tools most frequently used in France
required by the 1SO 14001: IDEA, DIAGE, DIALECTE, DIALOGUE and INDIGO.
All the tools have the same purpose: evaluation of the impact of farm practices on the
environment via indicators and monitoring of farm management practices. When
tested on a sample of large-scale farms in Picardie, the five tools sometimes produced
completely different results: for a given farm, the most supposedly significant envi-
ronmental impacts depend on the tool used. These results lead to differing environ-
mental management plans and raise the question of the methods’ pertinence.

An analysis grid of diagnostic tools aimed at specifying their field of validity, lim-
its and relevance was drawn up. The resulting comparative analysis enables definition
of each tool’s domain of validity and allows suggesting lines of thought for develop-
ing more relevant tools for:

1 evaluating a farm’s environmental performance
2 helping farmers to develop a plan for improving practices within the framework of
an environmental management system.
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Similarity of ISO 14000 to other programs

Comparing ISO 14001 and Responsible Care

The principles stated within the 1SO 14001 EMS are certainly not new, since most of
them have already been formulated by others often with greater clarity and more rigor.
One could cite for example, the ten guiding principles of the Process Safety Code of
Management Practices specified by the Chemical Manufacturers Association’s (CMA)
Responsible Care® initiatives. The concept of formulating a set of principles designed
to improve the management of chemicals was first conceived by the Canadian chemical
industry in 1988 and, in October 1990, the Responsible Care® initiatives were formally
released. Responsible Care® was an obligation of CMA membership and all CMA
members have pledged their unreserved support (Lamprecht, 1996). This costly, ambi-
tious, and still unique, industry program was fashioned not only to change performance
but also to alter industry’s decision-making process and its relationship with the public.
The main motivation was to transform public perception of an arrogant culture pursuing
profits at any cost to one that could be trusted to protect public and workers’ health and
environment as well (Ember, 1995).

Both Responsible Care® and ISO 14001 heavily emphasize the concept of contin-
uous improvement. The CMA declares continuous improvement in health, safety and
environmental performance throughout the chemical industry to be the overriding
goal of Responsible Care. ISO 14001, however, defines continuous improvement as
the “process of enhancing the EMS to achieve improvements in overall environmental
performance’ (Tibor and Feldman, 1997).

Comparing Responsible Care® with 1SO 14001, one concludes that ISO 14001 is
more industry specific, because the twenty-two management practices listed in
Responsible Care® go beyond the requirements listed in 1SO 14001 (Lamprecht, 1996).
There are strong similarities in both structure and purpose between the ISO 14001 EMS
standard and the Responsible Care Pollution Prevention Code. Both require senior man-
agement commitment, a planning process, including prioritization and goal setting,
implementation and continuous improvement, measurement of progress, periodic eval-
uation of practices, and control of critical operations (Tansey and Worsley, 1995).

Comparing ISO 14001 and CERES principles

Founded in 1989, the Coalition for Environmentally Responsible Economies (CERES)
is a non-profit membership organization comprised of leading social investment profes-
sionals, environmental groups, religious organizations, public pension trustees and pub-
lic interest groups. The CERES Principles, released in 1989 as the Valdez Principles:

represent a comprehensive ten-point environmental ethic devised to encourage the development of
programs to prevent environmental degradation, assist corporations in setting policy, and enable
investors to make informed decisions regarding environmental issues (Tansey and Worsley, 1995).

Although most companies attempt to answer the ninety-one questions that make up
the CERES Report, some companies simply submit a brief incomplete report, while
others seem to rush through the report. This lack of consistency is partly due to the fact
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that the CERES Report (similar to ISO 14001 and other international standards) seems
to focus on large companies, particularly chemical or petrochemical corporations,
already experienced in how to deal with the EPA (Environmental Protection Agency)
and OSHA (Occupational Safety and Health Administration) regulations, whereas
smaller businesses have to struggle with many of the questions (Lamprecht, 1996).

These Principles aimed at establishing an ethic with criteria which enable the
investors and others effectively to assess the environmental performance of companies.
Companies that endorse these principles pledge to go voluntarily beyond the require-
ments of the law (Tansey and Worsley, 1995). Still, when one compares the SO 14001
standard with the CERES Principles, obvious differences in emphasis quickly become
apparent. ISO 14001 is an environmental management system. The CERES Principles,
by contrast, recognize the importance of management and ‘principles’ thus differentiat-
ing it from 1SO 14001. The CERES Principles emphasize the need for corporations to
protect the earth and act responsibly toward the environment in order to allow ‘future
generations to sustain themselves’, while the ISO 14001 standard is more business-
friendly and constitutes a compromise document properly written not to alienate the
business community. Although ISO 14001 will most likely not satisfy environmental-
ists, it is a good first step in the right direction toward helping companies throughout the
world to begin considering environmental issues (Lamprecht, 1996).

Comparing ISO 14001 and Eco-Management and
Audit Scheme (EMAS)

ISO 14000 was developed in the context of other EMS initiatives, such as the BS 7750
EMS standard and the European Union’s Eco-Management and Audit Scheme regu-
lation (EMAS) (Demetrakes, 1996). Adherence to a formal EMS and auditing proce-
dure is mandatory under EMAS. EMAS also requires organizations to make
independent verifiable statements regarding their environmental performance.
Participation in the program entitles a company to register a site in an EU-authorized
list of participating sites and to use an EU-approved statement of participation and
graphic to publicize its inclusion in the program.
The specific objectives of EMAS can be summarized as follows:

e To promote continuous improvements in environmental performance (EP) by
establishing policies, programs and management systems

e To perform systematic, objective and periodic evaluation of these elements, i.e.
maintenance of the system

e To provide information related to these activities to the public (Tansey and
Worsley, 1995).

Furthermore, the EMAS regulation also requires an organization to communicate its
objectives and targets to the public and, occasionally, to disclose the organization’s
progress, including successes and failures, in meeting these objectives and targets.
Thus, the public can view a company’s goals for pollution prevention and can exert
pressure on those companies which have less aggressive goals or do not meet their
objectives and targets (Giese, 1996).
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The most obvious difference is that EMAS falls into a category of voluntary regu-
lation, while 1ISO 14001 is a fully-fledged international standard. EMAS applies only
to sites within the EU, whereas ISO 14001 is applicable worldwide. Other key differ-
ences include the following (Tansey and Worsley, 1995; Cascio, 1996):

® EMAS is site-specific and relates to industrial activities, whereas 1SO 14001
applies to activities, products and services across all sectors, including non-indus-
trial entities such as government.

® EMAS requires an extensive initial environmental review as part of the EMS while
this is not specifically required in ISO 14001, but is suggested in Annex A.3.1 of
I1SO 14001.

® EMAS requires the publication of a validated public environmental statement and an
annual simplified statement, whereas 1SO 14001 does not require a public statement.
In fact, it is up to the company to decide what information to communicate.
Furthermore, while EMAS requires the company to publicize its policies, programs
and EMS system, 1ISO 14001 only requires that the EP is available to the public.

o EMAS demands more extensive and rigorous auditing than ISO 14001, which only
requires EMS auditing (although the organization under 1SO 14001 must evaluate
compliance within its requirements).

The EMS requirements in EMAS require the preparation of an environmental effects
register contrary to 1ISO 14001 (Lamprecht, 1996).

Comparing ISO 9000 and ISO 14000

The ISO 14001 (EMS) standard and the companion guideline are believed to have
evolved as a natural adjunct to the ISO 9000 series of quality management systems
(QMS). While there was an attempt to model the EMS after the QMS, environmental
experts saw a need to depart significantly from this standard, primarily in terms of
specific requirements. Although integration of 1SO 14000 with 1SO 9000 has many
advantages (Tansey and Worsley, 1995), there are also several major differences
between quality management and environmental management that impede total cor-
respondence between the two standards. For instance, whereas quality standards
affect an organization and its customers, environmental standards primarily affect an
organization’s relationship to its neighbors, nearby creatures and ecologies. In addi-
tion, unlike the quality field, the environmental field has been on several cases of con-
frontation, burdened with political exploitation. If one fails to attain quality levels, it
is normally not subject to civil and criminal sanctions, the one who transgresses the
environmental laws clearly is. Therefore, dissimilarities are bound to exist between
elements of the quality and the environmental management standards (Haklik, 1998).
ISO 14000 was considerably influenced by the ISO 9000, BS 7750 and EMAS regu-
lations before it emerged as the international quality management standard. Rapid
implementation has occurred in sectors like chemicals and electronics. ISO 9000 reg-
istration has been strongly leveraged by customer/supplier relationships because 1SO
9000 is market-driven; ISO 9000 companies require their suppliers to become certi-
fied. This chain of commerce linkage is a highly compelling factor for companies to
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proceed and it is believed that there is sufficient ISO 9000 momentum for a natural
carry-through into 1ISO 14000 (Giese, 1996). A comparison of the two standards is
given in Table 2.4 (Tansey and Worsley, 1995; Haklik, 1998).

Structure and technology

Three documents in the 1SO 9000 series are classified as requirement documents,
since they lay down the requirements for an organization that wants to be registered.
These standards in the 1SO 9000 series are:

® SO 9001. Model for quality assurance in design/development, production, instal-
lation and servicing
® SO 9004. Model for quality assurance in final inspection and test.

The equivalent to these standards in 1ISO 14001 is known as the specification docu-

ment because it provides the specifications for an EMS. An organization must meet
these specifications if it wants to be registered. Both the ISO 9000 and the ISO 14000

Table 2.4 Comparison of ISO 9000 and ISD 14000

1SO 9000 I1SO 14000

Aims Providing suppliers a Providing organizations with the elements
means for demonstrating of an EM: providing assistance to
to customers the achievement organizations regarding the
of requirements for quality. implementation/improvement of an EMS,
Enhancing the overall performance including advice on how to meet
of a supplier organization in environmental performance expectations

relation to quality

Structure Management activities, Adherence to ‘plan-do-check-act’ business
process requirements and model
verification requirements;
separate guidance standard

Environmental  The supplier shall define Addressing the need to identify all
aspects and document how the environmental aspects of activities,
requirements for quality products or services

will be met in order to
address customer quality
specifications

Contents Both ISO 9000 and ISO 14000 contain elements of management
commitment and responsibility, management system documentation,
document control, operational control, training, monitoring and
measurement, non-conformance and corrective action, records and audits

ISO 9001 includes discrete ISO 14001 includes discrete elements of
elements of quality planning, environmental aspects, legal requirements,
product identification and objectives and targets, EM program,
tractability, and statistical communications and emergency
techniques preparedness and response

Cascio, 1996; Tibor and Worsley, 1997
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documents provide the same type of architecture even though the terminology differs.
While both systems share the same concept of targets and tolerances, they strongly
differ in the variability of demands placed on the systems. In quality systems, a strong
line of communication is established between customer and supplier. The registration
systems provide assurance to customers that systems are in place to respond to cus-
tomer needs (Tropea, 1997).

Some components of the 1SO 14000 series, such as environmental labeling and life
cycle assessment, as well as the environmental performance evaluation guideline doc-
uments have no parallel in the 1ISO 9000 standards. While some correlation in the
numbering system can be found, a one-to-one correspondence between document
numbers and content does not exist.

Auditing

Auditing is a common denominator of both 1SO 9000 and ISO 14000 standards.
Although there are some similarities between the two corresponding documents (i.e. use
of the verb should), in general, the documents differ markedly. The 1SO 9000 auditing
documents are 1ISO 10011-1, which is the guideline for auditing quality systems; ISO
10011-2, which includes the qualification criteria for quality system assessors; and 1SO
10011-3, a procedure for management of assessment programs. Moreover, 1ISO Guide
48 specifies guidelines for third-party assessment and registration of a supplier’s quality
system (Haklik, 1998).

Similarly to 1SO 9000, ISO 14000 mandates auditing to ensure that standard
requirements are being met. Guidelines for these audits and qualification guidelines
for auditors are provided in 1SO 14010, 14011/1 and 14012. Audits may be performed
internally by trained individuals within the company or by external auditors
(Demetrakes, 1996). EMS auditors will also need experience and background in eval-
uating a system’s ability to identify all environmental aspects, significant impacts and
risk level of processes (Tansey and Worsley, 1995).

Documentation

Record management systems must be independently developed to meet a variety of
internal and external stakeholder needs. Record management under the EMS standard
must take into account the issue of liability and compliance with environmental regu-
lations. Recent initiatives, such as privileged legislation in many states and the new
EPA audit policy, enable organizations to establish more liberal record keeping pro-
grams. There is no apparent description on the quality of records in terms of what
records should be kept or how long they should be maintained (Tropea, 1997).

One of the strongest aspects of the ISO 9000 management model is the requirement
for sound, comprehensive and controlled documentation. This model, which requires
documentation for major elements of the quality system, is also included in the ISO
14000 standards. Record management, document control, documented procedures
and training records must all be part of the EMS (Tansey and Worsley, 1995). The com-
parison of requirements among major codes of environmental management practice is
presented in Table 2.5 (Tansey and Worsley, 1995; Lamprecht, 1996; Haklik, 1998).
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Table 2.5 Comparison of requirements as stated by major codes in environmental management practices

Requirements 1SO 14001

Environmental
policy must
‘include
commitment to
continuous
improvement’
to the EMS

Continuous
improvement

‘Establish and
maintain a
procedure to
identify the
significance of
environmental
aspects of
activities,
products and
services.
Workers must
be aware of
their personal
contribution to
environment

Assessment of
environmental
impacts

‘Commitment
to prevention
of pollution’
including
pollution
control

Pollution
prevention

Environmental ‘Communicate

conduct of relevant
suppliers, performance’
distributors,

customers

BS 7750

Environmental
policy must commit
to continuous
improvement of

EP quantifiable,

in terms of
environmental
goals and targets

Develop a system
to identify, examine
and evaluate and
record the
environmental
effects, direct and
indirect, of its
activities

Refers to Annex
and to Standard

as a corporate
policy commitment

Only environmental
policy must be
made public;
communications
must be considered,
but what else is to
be communicated
is up to the
management

EMAS

Commit to
‘reasonable
continuous
improvement’

of EP reducing
environmental
impacts to levels
not exceeding
those of EVABAT

Produce an
environmental
statement including
‘an assessment of
all environmental
issues’ and a report
on pollution, use
of resources and
other environment
related activities for
public distribution

Take ‘measures to
prevent/eliminate
pollution or to
reduce pollutant
emissions and
waste generation
by using clean
technologies’

A description of
the environmental
policy, program
with factual data
and management
system must be
available to the
public

Tansey and Worsley, 1995; Tibor and Feldman, 1995; Cascio etal., 1996

Responsible
Care®

Continuous
improvement
required
explicitly in
pollution
prevention and
product
stewardship
codes

Several codes
require ‘regular
evaluations of
risks’. Pollution
prevention
codes require
‘quantitative
inventory of
waste’

‘Ongoing
reduction in
waste and
releases, is related
to source
reduction, to
recycle/reuse and
to treatment’

Everyone

affected by
conditions caused
by the company
that endanger
health, safety of
the environment
should be
informed in a
timely manner.
The company

will seek advice
and counsel with
persons in
communities near
its facilities. The
company will not
take action

against employees

for reporting
dangerous
incidents

CERES Keidahren
Charter

Constantly Not addressed

‘update practices

in light of

advances in

technology and
new understandings
in environmental
science’. Aiming

at eliminating the
release of any
substances that
may cause
environmental
damage

Not addressed

in principles
although data on
chemical use,
waste generation,
and resource
consumption are
required for
CERES report

‘All company
activities shall
be scientifically
evaluated

for their
impact on the
environment’

‘Reduce and ‘Employees
where possible must be
eliminate waste’ educated to
through source ensure
reduction and prevention
recycling of pollution
and energy
conservation’
‘Inform Purchase
customers about environmentally
the environmental friendly
impacts of its products. It
products or will ‘provide
services and try users with
to correct information
unsafe use’ on appropriate
use and
disposal
including
recycling
of their
products’
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Applications of ISO 14000

Applications to the food industry

As with the ISO 9000 standards, the food industry has lagged behind other businesses
in implementing the 1SO 14000 series. Chemical and automobile companies have
been the most active participants in ISO 14000 development. The main environmen-
tal challenges of food companies could be summarized as follows: water availability,
wastewater discharge, air emissions, by-product disposal or utilization, chemical
residues, solid waste disposal and food packaging materials. Ensuring a safe food
supply requires prolonged shelf-life of a food product and choice of appropriate pack-
aging material which may constitute a critical disposal problem (Stauffer, 1997).
Another challenge facing many food processors is the need to separate and dewater
solids from wastewater, thus enhancing both the environmental protection and the
profitability of the enterprise. The question regarding the best equipment (screen,
presses or centrifuges) for removing waste out of water and then water out of waste
should be examined case by case (http://www.scc.ca.uk/iso14000/).

However, food companies have already recorded significant environmental
achievements. The 1995 annual report for Anheuser-Busch disclosed that, under a
company-sponsored program, the volume of recycled aluminum beverage cans tripled
over the previous 10 years. The report goes on to describe the company’s Biological
Energy Recovery System in terms of digesting organic matter in brewing wastewater
to convert it to methane gas which is used as fuel in the brewery’s boilers (Begley,
1997). The 1998 Unilever Environment report commented on the progress that has
been made in all fields of environmental preservation, such as the integration of ware-
house and transport arrangements in the frozen food business to save noise, conges-
tion, fuel and emissions both for European and non-European 1SO 14001 certified
food industries (Biggs and Nestel, 1995; Propper, 1998).

Kellogg was one of the few cereal companies employing recycled material in its
packaging. On the company’s box of Mueslix breakfast cereal, the following state-
ment is stamped next to the recycle symbol with chasing arrows: ‘Carton made from
100% recycled paper, minimum 35% post-consumer content’, indicating the concern
of food processors for environmental issues (Stauffer, 1997).

ISO 14000 standards are important to food companies and will hopefully be imple-
mented much faster than 1SO 9000 because they directly affect issues that can only
become more important in the future. Various food industry management problems,
such as processing wastewater and packaging issues, are likely to be solved through
ISO 14000. Laboratories working on this implementation will most likely be strongly
encouraged to register to 1SO 14000 standards in order to enhance their business
opportunities by performing life cycle assessments among other tests (Giese, 1996).

Implementation of a structured management system will ensure that an organiza-
tion and its facilities not only meet (as is suggested by environmental reviews or
audits) but also will continue to meet environmental objectives. Such a system will
function only with the commitment of all employees beginning at the highest level of
management and the need for training, awareness for implementation and mainte-
nance of 1ISO 14000 should be anticipated (Propper, 1998).
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Applications to the chemical companies

Companies already having a strict EMS in place may find ISO 14000 a non-demand-
ing and superficial system, according to one, containing elements that ‘any reasonable
competent environmental system should have’. The decision to follow ISO 14000
standards will ultimately come down to costs versus benefits. International consis-
tency in environmental management, especially as multinational companies expand
manufacturing and marketing overseas, is a leading advantage advocated by chemical
industry environment, safety and health (ESH) managers. Uniform standards
are anticipated to minimize confusion and levy trade barriers. It is widely believed
that certification of a company’s EMS by an international recognized registrar may
reinforce the standards’ impact with outside interests and governments (Shirley,
1997).

Many hydrocarbon processing companies ponder whether or not to invest their time
and resources in attaining 1SO 14000 accreditation. Similarly to 1SO 9000, ISO 14000
is a verification process assuring that the operating company is continuously struggling
to achieve its environmental goals and policies. The standards broadly define that organ-
izations should develop an EMS as the infrastructure to customize procedures and
guidelines. Although adopting EMS is no guarantee that environmental performance
will improve, EMS can considerably enhance the company’s chance of achieving better
performance. Besides the marketing advantages, EMS can install an environmental cul-
ture, thus inducing employees to adopt a work attitude that can result in improved EP
(Fredericks and McCallum, 1995).

The answer to whether 1SO 14001 establishes EP requirements is negative because
the standard was written to be applicable to all organizations irrespectively of type
and size in diverse geographical, cultural, social and economic situations. In fact, it
seeks to balance socio-economic and business needs with support of pollution preven-
tion. Although 1SO 14001 does not establish absolute EP requirements, the standard
does contain requirements that should result in a higher and steadily improving per-
formance level (Hunt and Johnson, 1995). ISO 14000 certification will require invest-
ment in software, manpower, equipment installation and possible third-party auditing
(Carawan, 1995).

Applications to forestry and agriculture

Forestry sector delegates who attended the International Standards Organizations’
Environmental Committee (TC 207) in Rio de Janeiro said that they were delighted
with the decision to establish a formal ISO Working Group with the task of preparing
informative reference material to assist forest organizations in their use of the 1SO
Environmental Management Standards (Romanow-Gaecia, 1996).

Implementation of these 1SO standards and practices encouraged better forestry
practice worldwide. Forestry management involves a most complex matrix of envi-
ronmental, social and economic issues. The ISO standards and processes improved
the understanding of these complex global issues and offered a practical framework
for implementation at local level (Shirley, 1997).
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Dutch trade/industry delegates to international forums have continued to put forward
concrete suggestions for implementing an 1SO-14000 based system of certification
and supported Canadian efforts in this area. Continuing pressure from ENGOs on tar-
get groups such as ‘do-it-yourself’ retailers and municipalities to limit use of tropical
timber to certify sustainable products resulted in an aggressive press campaign. Since
the influential *Heart for Wood’ campaign has been extended to cover all timber, not
solely tropical products, it becomes increasingly important for temperate producers to
develop systems that certify sustainable production and are compatible with the
Dutch industry-led hallmarking system (Shirley, 1997).

The Monsanto Corporation is one of the world’s largest producers of chemicals and
pesticides for agricultural and home use. Monsanto recently stated that sustainable
development is the company’s fundamental business strategy because this is the only
way to ensure the continuation of the company’s operations in the long run. Seven sus-
tainability teams are currently working toward developing methods, processes and
systems integrating sustainable development into the operations of Monsanto.

Stakeholder management is a central activity within any environmental strategy.
Increasingly, business leaders around the world are recognizing the importance of
developing an environmental strategy that supports sustainable development and inte-
grates stakeholders’ issues, concerns and requirements. The ISO 14001 standard for
EMS offers a set of practical and certifiable tools to implement stakeholder manage-
ment processes and to support a sustainable global economy.

ISO 14000 and banks

The ability to adjust banking credit and investment practices to reflect environmental
factors may depend on a bank’s ability to obtain and use accurate and reliable environ-
mental information. An opportunity for expanding the information base on the envi-
ronmental performance of industrial entities may arise with the advent of 1SO 14000.

The 1SO 14001 initiative could play a meaningful role in helping debt issuers to
evaluate the environmental risk on a pre-commitment and, to a lesser extent,
post-commitment monitoring basis. The emphasis on 1SO 14001 compliance (non-
compliance) information could be integrated into current environmental due diligent
processes on any form of credit, as it pertains to any plant and/or equipment extension
of credit. As to the exact role 1ISO 14000 might play, one should realize the bankers’
need for consistent and comparable data that allows them to compare similar types of
financing transactions.

Through compliance with the 1SO standard, firms can demonstrate that they have a
specific plan to reduce environmental pollution and are incorporating environmental
management into the overall management of the organization. The banking industry’s
interest will depend on how the bankers perceive a connection between this certifica-
tion and the actual reductions in financial risk. This connection will clearly depend on
the quality of external information that emanates from the 1SO 14001 process, which
is still under development (Murray et al., 1997).
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ISO 14000 and governments/education

An experiment was carried out by an informal consortium of 10 states in the USA to
determine how beneficial EMS are for the environment and economy. The group is
made up of several state regulator representatives from EPA, the National Institute of
Standards and Technology, the University of North Carolina, Tulane Law School, the
Environmental Law Institute and a Washington, DC-based law firm. This group devel-
oped a set of peer-reviewed criteria to measure the environmental and economic results
of using a voluntary 1SO 14000-based EMS. The common research methodology was
designed to produce comparable results between different states (Begley, 1997).

This study covered a wide range of industries, from a military base to potato farms
to manufacturing and process industries, including automobile and equipment manu-
facturers as well as metal coating and finishing plant. The long-term objective of these
pilot projects was to gain insight into the changes of a firms’ environmental and eco-
nomic performances and to see whether they will be cleaner or achieve the same
degree of performance more efficiently.

Workshops with business community and other interested groups looking at issues
related to the use of 1ISO 14000 have been sponsored. They provide guidance on how
inspection policies should change for organizations adopting the standards, how small
companies could be included in the program, how to deal with community concerns
about the perception of less enforcement for companies committed to this approach
and what laws and regulations should be changed to accommodate the 1SO 14000 sys-
tem. The first result of these workshops was the proposed policy to encourage the use
of environmental compliance systems and voluntary compliance audits. According to
this proposal, companies that conduct compliance audits or follow ISO 14000 stan-
dards will not be subjected to fines or penalties for violations they uncover, as long as
the violations are reported and promptly corrected (Seif, 1997).

Indonesia had been planning to adopt 1SO 14001 as its national EMS standard, fol-
lowing the example of other countries. The ISO EMS and environmental auditing
standards were scheduled for adoption as Indonesian standards in the first quarter of
1997 when a formal accreditation system would be launched. BAPEDAL, the govern-
ment agency appointed by DSN to lead environmental standardization, held an 1SO
14001 conference in Central Java. Several companies present stated their intention to
implement ISO 14001 and seek certification, with exporters and foreign-owned com-
panies showing the most interest (http://www.cutter.com/iso14000/).

Survey results showed that companies in the USA, Canada and the UK have a
strong interest in EMS activities but are not racing toward certification. The majority
of USA companies surveyed wanted to learn about what their customers are demand-
ing, what their competitors are doing and what is going on in the foreign marketplace
prior to initiating such activities. They were aware that Europe and the Pacific Rim
countries were far ahead of the USA in adopting voluntary standards. Both 1SO 9001
and 1SO 14001 were applied in public and private universities both in developed and
developing countries in an attempt to show clearly their compliance with quality
assurance and environmental management.
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ISO 14001 implementation

Introduction

All EMS components should be coordinated with other important functions of the
organization, the policies, objectives and targets of the finance, operations and safety
departments and, if possible, compatibility with those of the environmental depart-
ment (Kuhre, 1995).

If an organization is already I1SO 9000 certified, considerable time can be saved
because the following materials, already prepared for ISO 9000 certification, can be used
for 1SO 14000 with only minor changes: organization and personnel procedures, records
and controls of documents, audits and reviews. Although several other sections from ISO
9000 documents can be also used as a starting point, further modification is required (i.e.
procurement section) to bring them up to 1ISO 14000 standards (Rothery, 1993).

TC 207’ strategies for implementation of its standards could be classified into
three stages: building confidence in the standards by ensuring consistent interpreta-
tion and mutual recognition between jurisdictions; promoting acceptance of the stan-
dards among users; and monitoring the effectiveness of the standards. TC 207 wants
to ensure that the 1ISO 14000 EM standards are used and interpreted appropriately. To
that end, it is working to provide consistent information on them, guided by its
Communication Plan. Since the standards are both voluntary and widely available, it
is up to the standards organizations, governments and conformity assessment bodies
to ensure that they are correctly employing them, based on the information provided
by the TC and its member organizations. TC 207 also cooperates with 1SO and other
working bodies to ensure that certification/registration structures worldwide are con-
sistent and broadly recognized (Barg, 1996). In Figure 2.4, the EM cycle for a glass
industry is given and, in Figure 2.5, the implementation diagram of 1SO 14001 is
shown (Tansey and Worsley, 1995; Ammenberg and Hjelm, 2002).

Initial assessment and definition of purpose

Before an organization begins planning and implementing the ISO 14001, an initial
assessment should be carried out. This will help identify the most critical needs for
new environmental systems. However, if most major systems have already been in
place, then the initial assessment is not required for certification. The definition of
purpose should be made in conjunction with initial assessment. The purpose could
consist of better environment protection and that the ISO 14000 certified factory
could become more cost-effective and would improve community relations and mar-
ket appeal (http://www.scc.ca/iso14000/infobref.html).

Policy preparation

The policy must reflect the organization’s commitment to comply with environment-
related applicable laws and regulations. ISO 14001 registration complements compliance
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with national laws and regulations (Tibor and Feldman, 1997). The policy’s role is to
address impacts and regulations in a broad sense and should be supported by senior man-
agement and communicated to all employees and public. The policy preparation is due to
start at the early stages in the process and should be continuously upgraded. Even if the
policy is only roughed out at this point, it will at least provide overall direction to the
process when it is especially needed. A rough draft of the policy should be widely circu-
lated for upgrades and input from as many employees as possible. This will increase
acceptance to the maximum possible extent.

Objectives and targets

Objectives and targets should be set in order to adhere to the policy statement. The
objections should include statements such as establishment of a waste minimization
program. Targets would be specified for each objective and numerical goal (i.e. 10
tons of acetone waste to be recycled by the end of 1999). As with the policy statement,
the objective and target preparation should start as early as possible and be continu-
ously upgraded (http://www.scc.ca/iso14000/infobref.html). Specific and measurable
environmental targets should be set to achieve the objectives within a specified time-
frame. Measurements are recorded in the form of environmental performance indica-
tors (EPI) such as quantity of raw material or energy used, quantity of a specific
compound emitted, waste produced per quantity of finished product, percent recycled,
or number of environmental incidents/accidents (Tansey and Worsley, 1995).

EMS documentation and utilization of existing documents and
resources

Many companies reported that the EMS had led to improved procedures and docu-
mentation. This reported benefit is interesting because most organizations considering
the implementation of EMS complained about the level of required documentation in
ISO 14001. One explanation for this seemingly surprising discrepancy is that organi-
zations acknowledge documentation and written procedures but they are not posi-
tively disposed to fulfill the standard requirements regarding what should or should not
be documented (Rothery, 1993). If documents already exist for other programs (envi-
ronmental and quality systems) that address some of the ISO 14000 considerations,
they should be utilized. For example, many 1SO 9000 documents and systems, such as
training, could be used as they are or with very little adaptation since there are many
common links or elements (http://www.scc.ca/iso14000/infobref.html). In Clause
4.4.4, 1SO requires the preparation and maintenance, in paper or electronic form, of
the following terms:

e Description of the core elements of the management system and their interactions
e Providing direction to related documentation
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e Creating, using and maintaining written documentation and allowing an evaluation
of current conditions and procedures and assessment of current performance is
central to the effectiveness of EMS implementation (Tansey and Worsley, 1995)

® Preparation of new operation procedures and action plans.

After completion of the above steps, the new missing procedures will be prepared. Many
EMS are often composed of unwritten procedures and standards, thereby leading to
confusion, lack of direction and negative environmental impacts. It is necessary to put
in writing any environmental control action so that questions can be answered about
what was done. An environmental management manual(s) should be set up to include all
procedures and standards. It should also contain a copy of the company policy.

Implementation of programs

Far too often, organizations only write and talk about environmental protection. The EMS
needs to be implemented actually to protect the environment. Although this may seem
obvious, in real-life, administrative delays, apathy and inadequate personnel and training
can prevent environmental protection and improvement from happening. A good top
management policy, energetically pursued, will assure success. The bottom line is that
certification will require implementation in addition to the preparation of procedures and
documents (Kuhre, 1995). An example of a registration process could be the following:

e Application/contract. Determination of the scope of registration, location and
number of facilities and employees to be audited.

® Pre-audit option. Readiness of the new EMS for a pre-audit.

Documentation review. Readiness of the organization for a formal audit.

o Certification assessment. Compliance of the EMS system with 1SO 14001 standard
requirements.

e Certification. Independent review will issue the SO 14000 certificate.

e Certification maintenance (surveillance). Annual surveillance visits maintain the
integrity of the established EMS (Rothery, 1993).

The time required to implement an EMS depends on the company’s current status, its
commitment to the process and allocation of resources. Although it can take some
companies as little as six months, on average it takes slightly longer than a year to pre-
pare for a first registration assessment (Hunt and Johnson, 1995).

Ongoing auditing, management reviews, correction and
follow-up

The audits, reviews, correction and follow-up will result in continuous improvement
of the EMS. It is always possible to improve the quality of the environmental
controls with a net positive impact on the organization and the working and surround-
ing environment.
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Certification

TC 207 promotes integration and certification of 1ISO 14000 with 1SO 9000 through a
coordinating committee (TC 176/TC 207). Integration is recommended in view of
their relationship and their mutual complement. Integration, however, could result in
loss of certification for both if one is not up to standard.

Continual improvement

By carrying out routine internal audits and monitoring, it will become evident that the
policy, objectives, targets and plans will eventually have to be modified. Frequent
upgrading of the entire system will keep it cost-effective and impacts will be reduced
(http://www.scc.ca/iso14000/infobref.html). Registration is also considered by some
companies as a potential way to demonstrate EP to customers and other stakeholders
including regulators, insurance companies and community groups (Rothery, 1993).

ISO 14010 - Environmental auditing

Objectives or purposes of an environmental audit — general

Environmental audits, while originally intended to ensure regulatory compliance, have
expanded in scope and purpose to include evaluations of management systems and risk
assessments of unregulated activities (Diamond, 1996; http://www.us.tuv.com/). An
environmental audit is a systematic process destined to obtain, evaluate and report
facts concerning conformance with criteria, thus making meaningful improvements
that will minimize negative impacts to the environment and employee safety (Kuhre,
1995; Mohamed, 2001).

ISO 14001 certification criteria

Determination of conformance of the EMS of an organization in terms of ISO 14001
certification constitutes a major objective of environmental audits. The emphasis, at
least initially, will be on auditing against the 1SO 14001-EMS specifications. For
example, the auditor will assess whether management review of environmental issues
is involved (http://www.us.tuv.com/). The audit documents provide the principles and
procedures for systematic auditing. Conformance demonstrations have a foundation
upon which to assert their credibility. Since part of this foundation is the certified
expertise of the people conducting the audits, there is also one standard defining the
criteria for auditor qualification (Kuhre, 1995).

Improve regulatory compliance

Another top priority of carrying out audits is to help an organization comply with cur-
rent regulations. Audits will identify areas that need further improvement in order to
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meet the regulations. Once these corrections are made, the organization should be
able to demonstrate regulatory compliance. Effective detection of problems and pos-
sible violations considerably shorten the period of non-compliance, assuming the
appropriate corrective action is undertaken (Mohamed, 2001).

Policies and objectives

The first step in the EMS audit is determining the audit scope, objectives and purpose.
The lead auditor, in conjunction with the client, should define why the audit is being per-
formed and what its target is. The lead auditor and the client will jointly determine the
required resources, the audit duration and timing. In addition to standards and regula-
tions imposed by external parties, most organizations establish internal policies and
goals (General Principles and Practice Guidelines for Environment Auditing, 1998).

Save money

Auditing will help the organization save money by minimizing the monetary fines and
by adopting proactive actions such as disposal and cleanup costs reduction
(Mohamed, 2001).

Continuous environmental improvement

Continuous environmental improvement is essential for minimizing impact to the
ecosystem and for building and maintaining a sound organization. Audits will help the
organization continuously upgrade its environmental and safety control systems.

Spot potential problems

Early identification of a potential problem will usually allow correction in a more
cost-effective manner. In some cases, if a potential or small problem is resolved early,
it may prevent it from becoming a major crisis, which could possibly affect many
components of the environment and employee safety. Overall audits help to reduce the
risk of accidents when problems are promptly rectified.

EMS implementation and maintenance

The main way an organization can be assured that it is up to the ISO 14001 standards
is the environmental audit. Although lack of problems and fines constitute an indica-
tion that an EMS is in place, audits would be more reliable and proactive.

Choosing a supplier

An environmental audit is an assessment tool of the environmental consciousness
of a potential supplier. The company/organization should not only require its primary
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suppliers to protect the environment, but the contractors or vendors of those suppliers
as well. Care should be taken that the entire chain of suppliers starting from raw mate-
rials to final products does not harm the environment.

Quality control of the sampling and measurement process

An audit should include monitoring frequency, method, equipment used, sample size
personnel employed and variation in results. The audit may suggest that sampling be
carried out differently or that different variables have to be assessed. According to the
Canadian Environmental Association, the audit plan consists of:

e Obtaining background information about the organization and the facilities, sys-
tems, or activities to be audited and identifying individuals with significant roles
and responsibilities.

e Carrying out a preliminary on-site survey in order to identify aspect/areas of audit
risk.

e The systematic application of appropriately designed procedures and methodolo-
gies promotes objectivity and reliability in obtaining audit evidence.

e I|dentifying the resources, such as number and qualifications of auditors and other
technical experts that will be needed, depending on the type of audit, the nature and
complexity of the subject matter and the assessment of audit risk and to ensure
auditor objectivity.

e Consulting with the auditee regarding practical matters such as availability of audi-
tee personnel, records and data, work place health and safety requirements and
operating schedules (Kuhre, 1995).

Contractual requirements

Audits can help verify whether the contractual terms and conditions regarding envi-
ronmental protection or safety are being met in a diligent manner or whether the con-
tract has been breached.

Improving public perception

Companies conducting audits for ISO 14001 certification should carefully plan the
audit to protect the company (auditee) from any liabilities. The audit may be con-
ducted only for the purpose of identifying whether a company is willing and able to
correct any violations detected during the course of the audit. The company should
carefully plan the scope, ensure the confidentiality of the audit and rapidly rectify any
violations identified by the audit report (Tibor and Feldman, 1997). Some organiza-
tions, especially in Europe, are planning on releasing audit results to the public in an
attempt to build public trust and to comply with BS 7750 and EMAS. In the USA,
although most companies really do care about public perception, they are not plan-
ning on releasing audit results to the public because of fear of litigation (General
Principles and Practice Guidelines for Environment Auditing, 1998).
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Improvement of management and employee awareness

Auditing can help enhance the environmental awareness of all employees if some of the
audit results are shared with several employees. Problems identified must be promptly
corrected, especially if the audit results are to be shared with many employees.

Costs of implementation

The generic set of cost attributes involved in implementing 1SO 14001 that have been
incorporated in the research model are listed below. However, it should be made clear
that the level of these attributes varies substantially from company to company,
greatly depending both on the scope of registration and the nature of environmental
management system in practice.

Training

Documentation

Process modification

Registration fee (registrar fee, travel and lodging expenses depending on the num-

ber of external auditors and the number of days required for the third-party

audit)

Registration maintenance (mainly in terms of staff time)

e Organizational adaptation (roles and responsibilities must be clearly defined and
communicated)

® | egal negative consequences which may result from audits, product labeling and
liability must be considered when becoming certified

® The third-party review of documents required for ISO 14001 registration could

make a company vulnerable to domestic regulatory actions against the company.

Post and Altman (1994) have broadly categorized the barriers experienced by organi-
zations during environmental management process as:

1 industrial barriers (for instance technical information, capital costs, configuration
of current operations, competitive pressures and industry regulations)

2 organizational barriers (for instance employee attitude, poor communication, past
practice and inadequate top management leadership).

Brief presentation of new ISO 14001:2004

1SO 14001:2004 was published by ISO on 15 November, 2004 (http://www.iema.net/
library/ISO14001_changes/ISO%2014001%20changes.pdf). The IS EN ISO version
on the standard was published early in 2005. The publication date when the standard
is published as an ISO document is the key date for transition timing (http://www.nsai.
ie/News_ans_Events/upload/transition_plan.pdf). The key changes of 1SO 14001:
2004 include new documents, a documented assessment of environmental impacts,
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compliance issues, emergency preparedness and response, non-conformity and man-
agement review (http://www.iosh.co.uk/ files/publications/ 1ISO14001update.pdf).

Primarily, findings which are exclusively against requirements of 1SO 14001:2004,
will be raised to a category three findings (comments). The transition period ended on
15 May, 2006 at which time certificates to 1ISO 14001:1996 became invalid and find-
ings against 1ISO 14001:2004 will be raised as category 1 or 2 (non-conformances).
ISO 14001:1996 certificates will now only be issued to have an expiry date of 15 May,
2006 or earlier (http://www.nsai.ie/News_ans_Events/upload/transition_plan.pdf).
The details (standard sections, key changes, requirements, EMS, impact financial
and compatibility with 1SO 9001) of changes of ISO 14001:2004 are given in
Table 2.6.

Overview of case studies reported on
implementation of ISO 14001

A survey carried out by Zutshi and Sohal (2004) gives a general picture as to the per-
ceptions and experiences of the organizations with respect to EMS implementation.
The findings can be briefly summarized in the following points:

1 Employees play a significant role in the successful adoption of an EMS. They need
to be made aware and trained in the basics and significance of EMS both for the
organizations and the employees themselves. The communication and training pro-
vided by the organization (especially during the initial stages of the EMS adoption
process) both increases employee knowledge and understanding of the EMS
process itself and would also assist in reducing their resistance towards the EMS
implementation and the changes being made.

2 The contributions made by suppliers to an organization’s EMS process are still
reserved and restricted. Organizations thus need to build trust and long-term rela-
tionships with their suppliers to obtain full benefits from their suppliers’ involve-
ment during the implementation process.

3 Organizations, when calculating the payback period from the EMS implementa-
tion, need to understand that not all the benefits from EMS implementation are
quantifiable in dollar terms. Moreover, many benefits to be realized are long rather
than short term.

4 Ambiguity, duplication and wastage reduction of resources are feasible only
through integration of their existing management systems and audits with EMS.

5 EMS implementation costs would also be reduced if organizations learn from their
past experiences of implementing other systems ISO 9000, OHS and from the
experiences of other industries in the same field.

The considerable difference reported between the registration rate of 1SO 14001 environ-
mental management system (EMS) and the implementation rate of environmental impact
assessment (EIA) in the construction industry in Mainland China clearly indicated that



Table 2.6 1SO 14001 comparative table of changes

Standard
clause/section

Definitions

Key change

New terms and definitions to
increase compatibility with ISO

9001 regarding:

auditor

continual improvement
corrective action
document

internal audit
non-conformity
preventive action
procedure

record

Revised standard removes
definition of EMS Audit

Requirements

e The definition of auditor has been aligned
with the definition in ISO 9000:2000.
Organizations will need to demonstrate that
their (internal) auditors are competent and
auditor competence must be defined in the
organization’s EMS

e The definition of continual improvement has
been amended with an additional emphasis
that the process must be a recurring one.

The organization must be able to demonstrate
that the continual improvement process is
recurring and is not a one-off event

o Internal audit has replaced the term
Environmental Management System Audit,
partly to avoid confusion by users of the
standard with external (certification) audits.
The wording of the definition has been
amended to emphasize that internal audits
must be independent. The focus of the internal
audit has changed from one of determining
conformance of the EMS to determination of
conformance with the EMS audit criteria

e The definition of environmental performance
has changed in focus from the
management system to the organization’s
management of its environmental aspects.
Organizations will need to ensure that
the evidence they use to demonstrate
environmental performance improvement
is in accordance with the revised definition

e The definition of prevention of pollution
has been clarified to reflect methods and
options for the prevention of pollution.

An organization will need to examine how

it defines prevention of pollution (and its scope)
to ensure that it covers new concepts of
‘creation, emission or discharge of any type

of pollutant or waste’

EMS

Document only

Impact Compatibility with

financial 1ISO 9001

(Euros)

Nil High alignment
with I1ISO 9001

(Continued)
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Standard
clause/section

4.1 General
requirements
and scope

4.2
Environmental

policy

Key change

More specific requirements for the
organization to clearly define and
document the scope of its EMS,
continually improve the EMS

and to determine how it

will fulfill the requirements

The policy is consistent with the
scope of the EMS (i.e. that

it covers all activities, products
and services within

scope). In addition, the
standard requires

that the policy

be communicated to

‘all persons working for or

on its behalf” and not just
‘employees’

Requirements

® The addition of ‘determine how it will fulfill

these requirements’ to clause 4.1 requires the
organization to state how the EMS fulfills the
requirements of ISO 14001. The process will
need to be traceable. It will be insufficient to
claim that the internal audit cycle covers all
clauses of the standard and therefore you are
able to demonstrate that the EMS fulfills the
requirements of ISO 14001

Ensure that the scope of the EMS is clearly
defined and documented, including what
activities, operations, services and products
are included within the scope. For
organizations seeking accredited certification,
the EMS scope must agree with the

requirements laid down by accreditation rules.

These preclude organizations from ‘ring
fencing’ their EMS scope to exclude difficult
areas or areas that are part of their site

e To comply with the requirement for the

environmental policy to be consistent with the
scope of the EMS, the environmental policy
must not cover issues that are wider, narrower
or different from that of the EMS scope

e To demonstrate compliance with the new

requirements the environmental policy must:
- Be developed by top management
- Cover the scope of the EMS
- Cover all activities, products and
services within the scope of the EMS
- Reflect the amended terminology
with regard to applicable legal and
other requirements
- Be communicated to everyone working
for or on behalf of the organization.
This includes contractors, subcontractors,
temporary staff and remote workers

EMS

Document only

The policy shall not
go beyond the

scope. On the
legislation side it now
goes beyond pure
environmental
legislation. It can
include health and
safety regulations,
for instance,

if applicable to

environmental aspects.

This change also
applies to clauses
4.3.2 Legal and
other requirements
and 4.5.2 Evaluation
of compliance

Impact
financial
(Euros)

Nil

Compatibility with
1SO 9001

High alignment
with I1ISO 9001

Low alignment
with 1ISO 9001




4.3 Planning
4.3.1
Environmental
aspects

4.3.2 Legal and
other
environmental
requirements

Revised standard is more specific to:

e identify aspects of ‘activities,
products and services’ that it can
control and those it can
influence. Clarifications to ensure

no activities, products or services are

excluded from aspects assessment.
This provides organizations with
flexibility to define scope but they
cannot include only activities

and exclude services and products.
It is also implies that the
organization will need to consider
those it can influence (i.e. aspects
relating to goods provided
through the supply chain)

e identify aspects for new
developments, or new or modified
activities, products and services.
This is to ensure changes in
operations are evaluated

appropriately and aspects identified

e consider significant aspects in
establishing, implementing and
maintaining its EMS. This extends
the previous standard requirement
which required significant
environmental aspects to be

considered in developing objectives

and targets. Document the
information from the identification
and evaluation process. Clarifies
existing requirement

e clear requirement for the
information from the process is
documented.
Changes clarifies that the intent of
an EMS is for identifying and
managing significant aspects

More specific to:

e determine the legal and other
requirements relevant to the
organization’s environmental
aspect, and how these apply

e Activities, products or services have been
replaced with activities, products and services
within the scope of the organization’s EMS

e The requirement has been changed to those
activities, products and services that it can
influence. This means there is now a clear
requirement to determine those aspects that an
organization can influence in addition to those
it can control. The procedure for identifying
aspects and impacts needs to be revised
to ensure that it incorporates activities,
products and services that can be
influenced within the scope of its EMS

e The aspect identification procedure needs to
cover planned or new developments, or new
or modified activities, products and services

e Organizations are required to document
the whole process of identifying their
environmental aspects and
determining which are significant

e The change in the wording of the

requirement (in this clause and in
Environmental Policy) means that
organizations will have to take into account
all legal requirements that relate to their
environmental aspects. This means that not

If products

(or services) causing
significant
environmental
aspects were not
previously included,
this change may cause
a more in-depth
review of the system

The final output is
more complex than a
simple list, as is

the (hitherto)
current practice. As

€ €€€

€ E€€€

Low alignment

with I1SO 9001

Low alignment

with I1SO 9001
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Table 2.6 (Continued) o)
Standard Key change Requirements EMS Impact Compatibility with ;
clause/section financial 1ISO 9001 ®
(Euros) <

o

=

e ensure that the environmental only the directly applicable environmental per the oo

legal and other requirements legislation but also other environmental commitment g

are considered in developing, aspects related legislation e.g. COMAH made in the policy o

implementing and maintaining (Control of Major Hazards and Accidents). (4.2), ‘non- a

. o . . . =

its EMS Organizations will need to determine how the environmental’ Q

. . >

The chéng?s are to clarify thaF Iege}l anq other requirements appl)f to Iegalhand other o

the organization needs to establish their environmental aspects, ensuring that requirements may o

and understand the applicable these are reflected in the EMS overall have to be included iy

requirements and not just have 8_

access to them. The revised standard 5

eliminates the direct reference to e

environmental requirements. The a

- =

purpose of this is to remove the o

(%]

potential for misinterpretation that
only those requirements from
environmental agencies/bodies are
relevant (i.e. requirements from
OHandsS requirements may
contain relevant requirements).
The changes also increase the
emphasis on compliance by
stating that the requirements
are taken into account in
establishing, implementing
and maintaining the EMS

433 The requirements of the 1996 e Organizations need to demonstrate through ~ Document only Nil Medium alignment
Objectives, Standard Clause 4.3.3 (Objectives the EMS that the objectives are consistent with 1SO 9001
targets and and Targets) and 4.3.4 with the above

program(s) (Environmental Management

Program(s)) are now incorporated
in Clause 4.3.3 of revised Standard.
The structure change is to improve
the links between the goal setting
and program/planning processes
to achieve these goals.

The revised standard now requires
that objectives and targets are to be




measurable (where practical) and
consistent with all the Policy
commitments - including those of
compliance with legal and other
environmental requirements and
continual improvement and not
just those related to the prevention
of pollution.

The changes also require that
significant aspects and legal and
other requirements must be taken
into account rather than just
considered in developing objectives
and targets

4.4 Implementation and operation

4.41 Revised standard requires that
Resources, resources (provided by

roles, management) be provided for
responsibility
and authority

establishing, implementing,
maintaining and improving the
EMS

The revised standard includes the
phrase ‘improving the EMS’ in
order to strengthen and facilitate the
intent of continual improvement. It
also includes ‘organizational
infrastructure’ as a resource along
with human resources

4.4.2 Any person(s) performing tasks on
Competence, its behalf that have the potential
training and to cause significant environmental
awareness impacts shall be competent.
Persons now specifically includes
contractors, temporary staff etc.
(Note - 1996 Standard refers to
‘Personnel’)

The inclusion of ‘competence’ as
the first word in the title increases
the emphasis on competence.
Other changes are terminology and
structure of the clause

® The revised clause incorporates resources,
roles and authority, in addition to
responsibility, which need to be
reflected in the EMS and documented
procedures

e Organizations are now required to ‘ensure
the availability’ of resources rather than
‘provide’. This will mean, for example, that
organizations will need to demonstrate that
there are contingency plans in place to ensure
that competent people are able to fulfill
specific EMS roles

e The requirement for competence, training
and awareness has been extended to
incorporate all persons performing tasks
for or on behalf of the organization. The
organization will need to review all people
working for or on behalf of it to ensure they
are competent to fulfill their role in the EMS.
Records must be retained by the organization
that demonstrate competence (on the basis
of education, training or experience) of people
performing tasks that have the potential to
cause a significant environmental impact

e The organization will need to ensure that all
people performing tasks for or on behalf of
the organization, which includes contractors,
subcontractors, temporary staff and remote

No significant
impacts, but
potentially more
responsibilities to
the management
representative
when reporting to
the top management
(see 4.6), including
recommendations
for improvement

May imply training
of subcontractors,
salespeople, home-
based employees, if
not done already.
The same change
applies to the policy.
Competence records
were kept in most
of the EMS anyway

Nil Medium alignment
with 1ISO 9001
€-€€ Medium alignment

with ISO 9001

(Continued)
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Table 2.6 (Continued)

Standard
clause/section

4.4.3
Communication

444
Documentation

Key change

The revised standard requires
that if the organization decides
to communicate externally about
its significant environmental
aspects, it shall document the
decision and establish method(s)
for the external communication

The title of clause in the revised
standard has been amended to
documentation. This is to reflect
alignment with ISO 9001:2000.
The revised standard more
specifically identifies the
documentation required to be
included in the EMS as:
e Environmental policy,
objective and targets

Requirements

workers, have had an appropriate
assessment for their potential to cause a
significant environmental impact and the
associated competence required

e The revised wording in paragraph two
allows flexibility for the organization to
develop the skills and competence to
fulfill EMS functions, rather than simply
requiring training

e Ifthe organization decides to communicate
its environmental aspects it needs to
establish methods of communication in its
EMS. The decision regarding this matter must
be documented by the organization. Most
organizations do communicate their
environmental aspects: sometimes actively to
all the public, e.g. through an environmental
report or by the use of an environmental
mark/logo on their product; sometimes
selectively to people who ask about their
performance; sometimes as part of legal
requirements, e.g. monitoring returns to
environmental regulators. In all these cases
the organization will need to establish its
methods for communicating. It is probable
that only very few organizations do not
communicate in some way and hence do
not need a method of communication

e The organization will be required to
demonstrate that the above documents
are in place to ensure the effective planning,
operation and control of processes which
relate to significant environmental aspects.
The extended requirements are in accordance
with the requirements of ISO 9000:2000

EMS Impact Compatibility with
financial 1ISO 9001
(Euros)

Nil-€€ Medium alignment

with ISO 9001

Document only -
most organizations
will prefer to
communicate
externally than to
issue a documented
decision not to
communicate

Potential Nil-€
simplification, but
most organizations

Medium alignment
with I1SO 9001

will need to use
documented
procedures. However,
new documents are
required: scope,
environmental aspects,
decision on external
communication,
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® Scope of EMS

e Description of main
elements of the EMS and their
interaction and reference
to related documents

e All documents/
records required
by the standard

e All documents/records
needed to demonstrate
the effective planning,
operation and control
of processes that related to
significant aspects

4.4.5 Control of  The title and clause text of the
documents revised standard have been
changed to reflect alignment
with 1ISO 9001:2000

The revised standard includes
more specific requirements to
control documents from external
origin/sources which are
relevant to the EMS

Note: reference to ‘documented
procedure’ in 1996 standard
has been replaced with ‘procedure’

4.4.6 The text of the revised standard
Operational has been changed for clarification,
control however, the intent remains the
same. The clause now includes the
term ‘implementation’ with respect
to procedures to strengthen the
intent (for controlling significant
aspects and continual improvement)
4.4.7 The revised standard contains an
Emergency additional specific requirement
preparedness for the organizations to

and response

e Title and wording has been changed
to align with I1SO 9000:2000

e The organization will need to demonstrate,
in addition to the existing requirements, how
documents are approved for adequacy prior to
issue and how documents of external origin,
such as licences, are identified and their
distribution is controlled

e No additional requirements

e Organizations should check that their
existing procedure covers the ‘identification
of potential emergency situations and

documenting of
information to
monitor
performance,
applicable
operational controls
and conformity
with the
organization’s
environmental
objectives and
targets. The overall
EMS, policy,
objectives and
targets,
responsibilities,
and external
communication
still need to be
documented

No need to revise
documents
periodically any more,
except for emergencies
(see 4.4.7)

No significant
impacts

No significant
impacts

Nil

Nil

Nil

High alignment
with 1ISO 9001

Medium alignment
with 1ISO 9001

Low alignment
with 1ISO 9001

(Continued)
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Table 2.6 (Continued)

Standard
clause/section

4.5 Checking
4.5.1
Monitoring and
measurements

4.5.2 Evaluation
of compliance

Key change

respond to emergencies and
mitigate or prevent adverse
environmental impacts. The 1996
standard contained requirements
for establishing and maintaining,
and reviewing and revising
procedures, but was not explicit
regarding the need to respond

The revised standard requires
‘documenting of information to
monitor performance...’. The 1996
standard requirement was
‘recording’ this information. The
revised standard also now requires a
procedure to document information
required to monitor performance,
applicable operation controls and
conformity with objectives and
targets
The intent is to strengthen the
monitoring element which is
essential for facilitating
improvement
Note: The 1996 standard to

evaluate compliance with applicable
environmental legislation and other
requirements is separated into its
own clause (Clause 4.5.2) -

refer below

New clause and most obvious
change to revised standard. This
clause has been prepared from the
last paragraph of 4.5.1 in the 1996
standard version. It requires a
procedure for periodically
evaluating compliance for both
legal environmental requirements

Requirements

potential accidents that can have
an impact on the environment and
how it will respond to them’

® Procedures must also cover actual
emergency situations

e Organizations will also be required
to demonstrate that the procedures
have been periodically reviewed

e Applicable has replaced relevant when
referring to operational controls.
Organizations will need to update their
procedures to reflect this change.

e Organizations will be required to retain
records of the periodic evaluation of legal
compliance undertaken. Note should be made
that this clause requires organizations to
undertake an evaluation of compliance against
all legal and other requirements and that this

will be a pre-requisite of accredited certification.

This means that compliance against each

EMS

No significant
impacts

Can imply a
broader exercise
to include other
requirements.
Consequently, if
non-compliance is
found, financial
investment for

Impact Compatibility with

financial 1ISO 9001

(Euros)

Nil High alignment
with ISO 9001

€-€€€€ Lowalignment

with I1SO 9001
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4.5.3 Non-
conformity,
corrective and
preventive
actions

4.5.4 Control
of records

4.5.5 Internal
audit

and other applicable requirements
and that records of the evaluation
are kept

By including a separate clause
covering ‘other requirements’
it emphasizes the increase in scope
from purely ‘environmental
requirements’ to all ‘other
requirements’

The revised standard clarifies the

requirement to have a

procedure to:

e investigate and determine causes
of actual non-conformity and

to take action to prevent recurrence

® investigate potential non-
conformities and assess the need

for implementing preventive actions

e review effectiveness of corrective
and preventative actions
The definition of ‘non-conformity’
as ‘non-fulfillment of requirement’
increases the scope of what a
conformity covers, as this now
implies non-compliance is a non-
conformity, in addition to failing to
meet an EMS requirement

The text of revised standard has
been rearranged in which the
specific records required are no
longer listed. Instead the clause
contains a requirement to have:
‘Records as necessary to
demonstrate conformity to the
requirements of its EMS and the
Standard’ Records which are
required specifically are identified
under the relevant clause (including
evaluation of compliance,
monitoring and measurement)

The title of the revised standard has
been amended to reflect alignment
with I1ISO 9001:2000

and every piece of legislation/regulation
relating to an organization’s environmental
aspects will need to be evaluated before

it can be considered to be in conformity with
ISO 14001:2004; it will not be acceptable

for organizations to claim that the
periodic evaluation will be covered
by their internal EMS audit
programme at some future date

e Organizations need to review and update
their procedures as appropriate and ensure
that they incorporate, in particular, the
prevention of recurrence of non-conformities
and the prevention of potential non-

conformities

e The organization’s processes must also be
reviewed to ensure that it evaluates the need
for action to prevent non-conformities and
implement appropriate actions to avoid

their occurrence

e Organizations need to ensure that all
records used to support the EMS and the
standard demonstrate compliance with

the EMS, procedures and results

® Record retention times are no longer
required by the standard, although record

retention is still required

® The organization will need to demonstrate
that audits have been planned and an audit
program is in place - this may be done

corrective action
may be high

New requirements
for identification
and investigation
of causes of non-
conformities.
Effective and
preventive actions
are also required

No significant
impacts

No significant
impacts, except
when new auditors

€-€€

Ni

Nil

High alignment
with I1SO 9001

High alignment
with I1SO 9001

Medium alignment
with 1SO 9001
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Table 2.6 (Continued)

Standard
clause/section

4.6
Management
review

Key change

The revised standard requires that:

e auditors selected are competent
to ensure an objective and
impartial audit

e the audit program is maintained-
i.e. updated if scheduled audits
are not conducted as scheduled
(i.e. slippage in schedule) or are
rescheduled
Note: Annex A now refers to ISO

19011:2002 for additional guidance

Rewording of the clause to reflect

alignment with ISO 9001:2000.

The amendment specifies that the

review is required to include

assessing opportunities for
improvement and the need for
changes to the system. The revised
standard also clearly identifies
inputs to and outputs from the
management review process. The
inputs include:

e results of internal audits and
evaluation of compliance with legal
requirements and with other
requirements to which the
organization subscribes

e communication(s) from the
external interested parties, including
complaints

e the environmental performance
of the organization

e the extent to which objectives and
targets have been met

e status of corrective and preventive
actions

Requirements

through the organization’s audit procedure

e Organizations must also retain records
from audits and provision for this must
be included in the procedure

e Impartiality and objectiveness of auditors
will need to be demonstrated

e The input and output of the management
review is now prescribed in detail (as
listed above) and each of the identified
inputs/outputs will need to be incorporated
into the organization’s management review
processes. Note that the management review
is not limited to the list of items and may
cover other issues as well as reach decisions
and recommendations beyond the listed items
but which are of relevance to the EMS

e As with audits, management reviews must
be conducted at planned intervals, rather than
intervals the organization determines

e Explicitly document decisions from the
management review

EMS

have to be trained.
‘Independence can
be demonstrated by
the freedom from
responsibility for
the activity being
audited’; this is
particularly
important for small
and medium-size
enterprises (SMEs)

New requirements
to include a long
list of issues in the
management review:
evaluation of
compliance (4.5.2),
communication
with external
parties,
environmental
performance, status
of corrective and
preventive actions,
follow-up from
previous
management
reviews
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N
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o follow-up actions from previous
management reviews

e changing circumstances including
developments in legal and other
requirements related to its
environmental aspects

e recommendations for
improvements

The outputs from the process
include decision and actions related
to possible changes to any elements
of the EMS, including the policy,
consistent with the commitment to
continual improvement

Annex A Some of the information/guidance
provided for some of the clauses has
been improved, including references
to ISO 14004 and ISO 19011

http://www.iema.net/library/1ISO14001_changes/ISO%2014001%20changes.pdf, http://www.nsai.ie/News_and_Events/upload/transition_plan.pdf,
http://www.iosh.co.uk/files/publications/ISO14001update.pdf, http://www.informintl.com/managesyslinks.html
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there was very little coordination between the implementation of the EIA and the EMS
in construction projects in Mainland China, and the EIA practice may not really serve as
a tool to promote environmental management (EM) in construction. Since the China
Environmental Protection Bureau recently enacted to implement the environmental
supervision system in construction project supervision, contractors have to pay greater
attention to adopt and implement EM in construction. In this regard, Chen and coworkers
(2004) presented an integrative methodology (E+) for dynamic EIA in construction,
which integrates various EM approaches with a general EMS process throughout all
stages in a construction project. The E+ is expected effectively and efficiently to assist
contractors to enhance their environmental performances in China.

Ghisellinia and coworkers (2005) clearly demonstrated the presence of environ-
mental decision traps during the implementation of the 1SO 14001 and investigated
how the overall environmental performance of certified companies can be affected by
these traps. The environmental performance of several Illinois ISO certified compa-
nies over time was investigated. Furthermore, three manufacturing plants were vis-
ited, interviewed and analyzed to determine the possible correlation between their
EMS and the environmental decision biases. Results indicated that even companies
seriously committed to fulfillment of the 1ISO 14001 may still fall in cognitive deci-
sion traps. Among the suggested topics deserving further attention in the new version
of 1SO 14001 are:

1 Application of the concept of continuous improvement not only to the management
system, but also to the actual environmental performance which requires the estab-
lishment of environmental indicators

2 The standard should better define possible methods for pollution prevention (mate-
rial substitution, process efficiency, source reduction and in-plant reusing and recy-
cling, rather than end-of-pipe solutions and off-site recycling)

3 Concerning voluntary third-party review and certification, the auditors should have
a strong environmental and industrial background enabling them to assess the
soundness of the company’s environmental programs. They should be familiar with
the concept of environmental decision traps and should be able to spot them among
the various procedures that characterize the ISO implementation

4 The audit process should focus less on the documentation of procedures and more
on the actual fulfillment of objectives and targets.

In 2002, Summers-Raines carried out a questionnaire study (131 companies across
the world) according to which firms in economically developed countries report fairly
high levels of satisfaction with 1ISO 14001 certification. The four wealthy countries
with the largest numbers of responses (Canada, Sweden, the UK and the USA),
showed no significant differences in overall satisfaction with 1SO 14001. These firms
were slightly less satisfied with the ability of 1ISO 14001 positively to impact their
ability to trade. When asked to rate their satisfaction with 1ISO 14001’ impact on their
profitability, firms in wealthy countries were slightly less enthusiastic.

However, a number of respondents stated that they did not pursue 1SO out of a con-
cern for profits — they chose ISO 14001 due to its ability to improve their environmen-
tal performance. For these reasons, it is not surprising that firms reported the highest
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levels of satisfaction with ISO 14001’ impact on the environment. Developing coun-
try firms generally rated their satisfaction with ISO 14001 higher than firms in wealth-
ier countries. Open-ended questions and interviews shed some light as to why this is
the case. Many firms in developing countries stated that they had no environmental
management system in place before 1SO 14001. In addition, the relatively low levels
of environmental regulation and enforcement have given firms few incentives for
environmental protection. Yet, 1ISO 14001 provided a tool for companies proactively
to manage and improve their environmental performance. While managers in eco-
nomically developed countries were supportive of 1ISO 14001, it appears that these
ideas, tools and practices are less new to them and, therefore, less exciting.

Savely et al. (2006) carried out a research study on a statistically relevant sample,
resulting in a broad overview of the status of implementation of environmental manage-
ment systems at colleges and universities in the USA. All 925 institutions were con-
tacted by e-mail and, in conjunction with a follow-up, resulted in 30% response rate. In
fact, the number of elements implemented among the 273 institutions ranges from 0 to
16, with a median of 12. Since 47% of the institutions that responded had at least one
full-time employee who spends at least forty hours per week on environmental compli-
ance and 55% budgeted annually for environmental improvements, this would indicate
that approximately half of the institutions that responded had environmental programs
that were well-developed enough to commit substantial time and resources to environ-
mental issues and compliance. The USEPA Region 111 survey found that 36% of the
institutions surveyed had implemented EMS, while during this survey participants
indicated that 30% felt that they had implemented an EMS, thus lending support to the
credibility of this study. A new methodology known as SOSEA (Strategic Overview
of Significant Environmental Aspects) has been designed to identify and rank the sig-
nificant environmental aspects in sea ports. The main objective of SOSEA is to help
port managers to identify significant environmental aspects and to reinforce the
awareness about them in order to prioritize work in environmental management. It is
based on ISO 14001 vocabulary and requirements and it can be considered as the base
for the implementation of any environmental management system for port communi-
ties. SOSEA methodology provides evidence of the significant environmental aspects
related to port activities. The identification step is therefore important, even if the sig-
nificance has not yet been established. The knowledge and awareness attainable by
going through SOSEA is essential for the future implementation of a certifiable envi-
ronmental management system (ISO 14001 or EMAS). Furthermore, through a set of
key questions, SOSEA helps to assess the specific management status of each SEA,
making clear whether and where there is room for improvements and stronger efforts.
Finally, the yearly application of SOSEA can provide a snapshot of how significant
environmental aspects, and the way they are addressed in practice, evolve (Darbra,
2005). Once the SOSEA procedure was considered complete and ready for evalua-
tion, it was applied to several European ports, each with its own peculiar characteris-
tics. On average, the time required to go through the tool was half a working day,
although it varied according to considerations such as port size, experience of port
managers and availability of information. As for the difficulty, SOSEA was found to
be easily applicable and quite practical, although questions of interpretation were
raised when filling in the matrix.
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The Self Diagnosis Method (SDM) was developed by two research teams and about
sixty sea ports, in an attempt to allow the comparison of the current environmental sit-
uation with that corresponding to previous years and the assessment of the opportuni-
ties for improvement. It has been designed as a “first level’ tool: it can be applied in
approximately six hours by a non-expert user. It is based on the 1SO 14001 vocabu-
lary, requirements and structure and can be considered as a first step in the voluntary
implementation of an environmental management system for port communities. The
specific benefits of SDM are:

Assessment of port environmental context and management.

Periodical self-evaluation of the port’s environmental improvement.

Checking compliance with environmental legislation.

Effective comparison of port environmental performance against a European

benchmark.

® Monitoring the quality of current environmental management, to identify points of
strength/weakness/opportunity/threat (SWOT) and relevant environmental man-
agement gaps.

e |dentifying business risk.

e Motivating the port authority towards improved environmental management and

raising staff environmental awareness.

Because of similarity and compatibility among the 1SO 9001, 1SO 14001 and OHSAS
18001 standards, some researchers have advocated an integration of quality, environ-
mental and health and safety management systems in order to improve an organiza-
tion’s performance. Through a structured questionnaire survey, Zeng and coworkers
(2006) concluded that the major underlying problems for an enterprise to operate par-
allel systems include: causing complexity of internal management; lowering manage-
ment efficiency; incurring cultural incompatibility; causing employee hostility; and
increasing management costs. The factors affecting the implementation of IMS are
classified into internal and external categories. The internal factors comprise human
resources, organizational structure, company culture, and understanding and percep-
tion. The external factors consist of technical guidance, certification bodies, stake-
holders and customers and institutional environment. Therefore, the effective
implementation, operation and maintenance of an IMS is possible provided that com-
panies achieve a multilevel synergy in the implementation of an IMS. In the multi-
level synergic model, the strategic synergy should be given the top priority at level 1.
At level 2, the organizational structural, resource and cultural synergy play important
roles and it is supported by the documentation synergy at level 3 (Figure 2.6). The
synergy is beneficial to help ensure continuous improvement of the organization and
management systems.

Hillary (2004) has recently compiled a review based on 33 different EMS studies at
a UK and EU level dating from 1994 to 1999. Study reports were identified from aca-
demic and government sources and corresponding support organizations (Hillary,
1997a). Small and medium-sized enterprises (SMEs) face internal and external barri-
ers when seeking to address their environmental issues and adopt and implement
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/ Objectives
Level 1 Strategic synergy direction

\ planning

M
v
Resources synergy » Structural synergy »  Cultural synergy
Level 2
Beliefs, values and Top leader, management Human resources and
learned ways representative, work groups financial resources
Level 3

Documentation synergy Procedures
(quality, environment, work instructions
health and safety) records

Figure 2.6 Synergetic model (adapted from Zeng et al., 2006)

EMSs, but it is the internal barriers that initially play the most significant role in
impeding progress. Negative company culture towards the environment and the disas-
sociation between positive environmental attitudes of personnel and taking action
cause the uptake of environmental performance improvements and EMS adoption to
stumble at the first hurdle (Mori, 1994). On top of this general culture of inaction on
the environment, SMEs are also very skeptical regarding the benefits to be gained
from making environmental improvements (Hillary, 1995, 1997b). In many cases,
especially for the smaller organizations, low awareness and the absence of pressure
from customers (the most important driver for environmental improvements and EMS
adoption) work adversely towards addressing the environmental issues. For SMEs it is
not so easy to locate good quality advice and information. Once a smaller company
has embarked on EMS implementation, the process is often interrupted and resources
are frequently diverted to core business activities. It is the lack of human resources
(multifunctional staff), not financial ones, which SMEs find most difficult to secure
and maintain for EMS implementation, since the process of the latter will be most
likely interrupted. Some studies indicated that SMEs, once on the route to certified
EMS, face inconsistency and high charges in the certification system and poor qual-
ity advice from consultants in conjunction with indifference (towards the adoption of
EMS) from the part of the customers. Legislation and the regulators are more impor-
tant drivers for general environmental improvements in SMEs than customers
(Hillary, 2004).

Chen (2005) has recently highlighted the role of ISO 14000 and green purchasing
in achieving sustainable development when firms focus on improving both financial
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and environmental performance and asserts the importance of the incorporation of
green purchasing into the frame of 1SO 14000. It was proposed that:

1 environmental purchasing is an effective tool in controlling pollution externalities
and provides a positive effect on the implementation of ISO 14001 environmental
management

2 with the incorporation of green purchasing into the framework of 1ISO 14000, it can
encourage firms to implement pollution prevention from the source and to educate
the public to engage themselves in green consumption, which leads to the attain-
ments of both environmental and financial performance.

Moreover, a framework of guidelines for green purchasing and the related implement-
ing procedures were presented as well.

Ammenberg and Hjelm (2002) analyzed the environmental performance by com-
paring the environmental reviews for a group of SMEs before and two years after their
EMS implementation. They tried to show how the environmental performance of
these firms has developed and draw some conclusions regarding the connection
between standardized EMS and environmental performance in general. The case
study illuminated some central aspects of ISO 14001’s requirement of continual
improvement and, in several firms, there were no such proofs (absence of EPIs or non-
measurable targets). It is irrefutable that the selection of EPI is crucial. External envi-
ronmental auditors should compare the development of these indicators and
determine whether an improvement has occurred or not. The authors emphasized that
an 1SO 14001 certificate does not necessarily guarantee good environmental perform-
ance. Hence, it is very important to look beyond these certificates and as a customer
or consumer require improved environmental performance leading to decreased envi-
ronmental impact. An EMS is a tool that very well might lead to reduced environmen-
tal impact. However, it is critical to focus on environmental impact rather than to
focus on implementing a certain tool.

China has undergone rapid changes since adoption of the reform and opening pol-
icy in 1978. Meanwhile, China has paid a great cost; e.g. severe environmental dete-
rioration making it one of the most endangered urban and rural environments in the
world. In improving the environment, China has taken a number of possible measures
including promotion of ISO 14001. To investigate the implementation status of 1SO
14001 and its impact on enterprises in China, Zeng et al. (2005) conducted a search
by means of a structured questionnaire. The results revealed that the major motivation
for the system was to seek entrance to the international market. The other benefits
were: standardization of environmental management procedures for internal opera-
tions; saving resources and reducing wastage for corporate management; improving
corporate image (CI) for marketing effects; enhancing environmental awareness of
suppliers for supplier relations. Using relative importance analysis, the study identi-
fied the critical factors affecting implementation of the standards. The top five out of
27 factors were:

1 environmental consciousness of top leaders
2 environmental consciousness of middle management
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3 well-defined responsibility for environmental management
4 legal system
5 legal enforcement.

Based on the analysis and discussion, the study concluded that the Chinese govern-
ment should take the lead in improving the legal framework, providing financial sup-
port and training to promote 1SO 14001 to the Chinese enterprises.

Although the EMS is commonly implemented in private firms, Lozano and Valles
(2006) analyzed the consequences of implementing an EMS within the context of
local public administrations, particularly regarding the City Council of Ohanes in
Almeria (Spain). This was, according to the authors, the first European corporation to
implement an EMS according to the ISO 14001 Standard, certified by the Spanish
Association of Normalization and Certification. Its analysis would be equivalent to
the Shumpeterian ‘market innovator study’, so that public administration *followers’
can hopefully take advantage of the derived benefits and of minimizing the negative
effects of such an experience. On the other hand, it was shown that the economic and
environmental advantages derived from the EMS go beyond the activities that the City
Council is in charge of. They have spillover effects that extend to all economic activ-
ities in the municipality and these effects are expected to increase both in the medium
and long-term perspective. Furthermore, a comparison was attempted between the
costs and benefits obtained in two cases; the City Council implements the EMS or it
does not implement it. It proved that there were considerable economic and environ-
mental advantages obtained by a municipality when it is only the City Council who is
implementing an EMS.

Babakri et al. (2003) examined the ISO 14001 implementation process using a
questionnaire distributed to 584 firms in the USA. The results from the survey indi-
cated that the time to obtain the certificate ranged from 8 to 19 months. In addition,
the ISO standard’s elements which required the greatest effort and time to implement
were ‘identifying environmental aspects’, ‘EMS documentation’, ‘training’, ‘EMS
audits’, ‘operational control’, ‘environmental management program’, ‘objectives and
targets’ and ‘document control’. Firms seeking 1ISO 14001 certification should note
these time-consuming elements and allocate sufficient resources to them. Moreover,
the results of the survey showed that the high cost of certification was the greatest
obstacle for ISO 14001 implementation. Lack of available resources was the next
greatest obstacle to implementation. The mean scores for the obstacles ranged from
3.57 to 2.53. This suggests that the ISO 14001 certification was not considered by
most respondents to be very difficult to obtain. The study provided information on
what a firm can expect to encounter during 1SO 14001 implementation in terms of the
time needed for obtaining the certificate; the most critical 1ISO 14001 elements in
terms of time and effort (identifying environmental aspects, EMS documentation,
training and EMS auditing); and obstacles encountered during the 1ISO 14001 certifi-
cation process.

A total of 47 firms joined the Swedish EKO-Energi program between 1994 and
1997. This was a public voluntary program devoted to promoting the environmental
vanguard, while disregarding the rearguard. The program offered free energy audits
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and the promotion of a label, in return for implementation of energy management.
Audits covered some 5% of industrial energy consumption. According to Helby
(2002), the most clearly observed results were the inclusion of energy efficiency in the
environmental policy of participating firms, the dissemination of values and diffusion
of pre-existing knowledge within firms and some added impact of such values and
knowledge on decisions. The effects of the EKO-Energi contracts could not be disen-
tangled from the effects of simultaneous 1SO 14001 or EMAS certification. By the
end of 1999, at least 50% of the first 30 participating firms had completed 1SO 14001
certification. Twenty percent had completed EMAS certification in addition to the ISO
14001 certification. One firm had EMAS certification without ISO 14001. Uncertified
firms included some that were in the terminal phase of certification as well as some
that appeared to have abandoned the goal of certification.

In autumn 2000, as part of a postal survey, Emilsson and Hjelm (2002) sent ques-
tionnaires to all of the 289 local authorities in Sweden. They were sent to the central
environmental managers, or their equivalents, in the local authorities. The survey gen-
erated a quite high return rate of 81%. Almost half (107) of the local authority respon-
dents replied that they are implementing EMSs in one or more of their departments
and the conclusions were derived from the answers from these 107 authorities. All the
questions analyzed in this research were open-ended. It is interesting to note from this
survey that decreasing the negative environmental impact is given less priority than
organizational changes as reasons for EMS implementation.

Nevertheless, this finding may indicate that many Swedish local authorities already
have fairly ambitious environmental goals and are fairly aware of the environmental
situation, but their organizations yet do not have the tools or strategies to realize these
goals. Therefore, either they might use EMSs to facilitate this procedure or the main
reason for EMS implementation could be strategic. If the local authorities obtain a
more effective and structured organization, it should enhance environmental improve-
ments because there is more knowledge and control of strategies and actions within
the organization. Hence, environmental improvements are the indirect effects of orga-
nizational change and restructuring.

A theoretical correlation model was developed by Tien et al. (2005) based on vari-
ous discussions on relevant theories and literature. Tien and his coworkers sent ques-
tionnaires to 1200 1SO 14001 certified firms registered with the Taiwan
Environmental Management Association and 200 firms qualified for environment
standards and registered with the Ministry of Economics, Taiwan. The empirical
analysis results on 1SO 14001 certified enterprises and firms qualified for environ-
mental protection standards in Taiwan show that the internal motivation for environ-
mental design has a significant effect on environmental design implementation.
Communication with related interest groups, continuous education and persistent
innovation could all substantially impact environmental design implementation. The
better the communication with related interest groups, or the higher the education
with environment-related knowledge, the more successful the environmental design
implementation. Furthermore, environmental design implementation was shown to
have a significant effect on business competitive advantages. The ‘more successful
environmental design implementation results in greater competitive advantages’
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hypothesis is statistically tested and proven in this research. The two intermediate
variables, industry group and enterprise scale, do not show noticeable impacts on
environmental design and business competitive advantages.

Tan (2005) conducted a survey in Malaysia using a sampling frame consisting of all
38 companies that were certified with ISO 14001 since 1998. It was thought that only
those with several years of registration would be able to supply information on at least
perceived benefits. In fact, for smaller companies, the payback period for ISO 14001
certification was found to be longer and might take up to ten years (Freidman and
Walter, 2002). The sampling frame was based on the list published by SIRIM (SIRIM
1998), the registering authority in Malaysia. However, only 18 responses were received.
Due to the small number of firms involved, results of hypothesis testing were not used
in the analyses. Instead, the analyses had to be confined to simple descriptive statistics
and cross-tabulations. The results of a survey on Malaysian firms registered with 1ISO
14001 indicated that there were benefits to be gained from implementing 1ISO 14000
standards. Generally, the benefits were rather similar to those documented for compa-
nies that adopted 1SO 14000 in industrialized countries. 1ISO 14000 implementation was
crucial in bringing about effective environmental management and reduction of damage
to the environment, as well as improvement of the company’s image and operations.

The introduction of environmental management systems is relatively recent in the
New Zealand context, yet there are three main EMS being implemented throughout
the New Zealand wine industry. These are: Sustainable Winegrowing New Zealand
(SWNZ), 1ISO 14001 and Bio-Gro. Hughey et al. (2005) carried out a qualitative sur-
vey of vineyards, using interview-based questions rather than via a long-term quanti-
tative examination of biophysical indicators that would enable an ‘objective’
inter-system evaluation. Fifteen selected vineyards/wineries (four Bio-Gro, five 1SO
14001 and six SWNZ) were chosen for the study. The ISO 14001 accredited compa-
nies surveyed noted that, in addition to shared benefits, they also experienced:
decreased waste, particularly through recycling; decreased use of natural resources;
continual improvement of business systems; peer support and information sharing
(Riddiford, 2001). Apart from the comment regarding eventual savings, the majority
of ISO 14001-company spokespeople stated that they were yet to see any economic
benefits. Additional benefits noted by an ISO 14001 company spokesperson were
increased accountability, the empowerment of staff and the ability to drive constant
improvement within the company.

Rennings et al. (2006) carried out a preliminary telephone survey (regarding the
design of the questionnaire), including twelve case studies within German EMAS-
validated facilities (in Baden-Wurttemberg) which covered the most important eco-
nomic sectors. For these case studies, environmental reports were analyzed and
semi-structured face-to-face interviews with facility representatives were conducted.
On this basis, a broad telephone survey of EMAS validated facilities was conducted.
In this way, it was possible to analyze the impacts of different characteristics of
EMAS on technical environmental innovations and economic performance. It can be
summarized that most German EMAS validated facilities report a positive influence
of EMS on environmental process innovations. In addition, environmental reports
support the diffusion of technical environmental innovations. The study showed as



92 Waste Management for the Food Industries

well that environmental process innovations particularly depended on the maturity of
EMS (measured as two re-validations of EMAS and prior experience concerning the
organization of environmental protection). Another important determinant of environ-
mental process innovations is the strong participation of specific departments
(RandD) in the further development of EMAS. Learning processes by EMS have a
positive effect both on learning product innovations and increase of turnover and
exports. Moreover, environmental process innovations had a positive influence on the
increase of the number of employees and turnover.
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The concept of LCA

Every day in the marketplace, people make choices that affect, directly or indirectly,
the environment. Manufacturers choose from among different materials, suppliers or
production methods. Consumers, for their part, either choose among products or
whether to use a product at all. Those who would like to make environmentally
responsible choices need reliable information which is frequently related to life cycle
assessment (LCA) (http://www.tc207.org/articles/).

LCA considers the environmental aspects and the potential impacts of a product or
a service system throughout its life — from raw material acquisition through produc-
tion, use and disposal (from cradle to grave). This information is very important and
can be of great help in identifying ways to improve environmental aspects of a prod-
uct at various stages in its life cycle, to support decision-making in industry, govern-
mental or non-governmental organizations. It can substantially help the selection of
various indicators of environmental performance (EP) and (with proper precautions)
to promote the marketing of products or services (EPA, 1994). The Society for
Environmental Toxicology and Chemistry (SETAC) defines LCA as the:

Process to evaluate the environmental burdens associated with a product, process or activity by iden-

tifying 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

Waste Management for the Food Industries Copyright © 2008 Elsevier Inc
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evaluate opportunities to effect environmental improvements. The assessment includes the entire
life cycle of the product, process or activity, encompassing extracting and processing raw materials;
manufacturing; transportation and distribution; use, re-use, maintenance; recycling; and final dis-
posal (EPA, 1994).

The main focus of LCA is to determine the environmental impacts of the system under
study in the areas of ecological well-being, human health and resource depletion
(Tansey and Worsley, 1995). ISO 14041 is entitled ‘Life Cycle Assessment — Goals
and Definition/Scope and Inventory Analysis’ and is intended to describe the special
requirements and guidelines for the preparation, conduct and critical review of the life
cycle inventory analysis.

The structure of LCA

The most widely accepted LCA structure is the one suggested by SETAC as described
in Table 3.1. The term ‘life cycle analysis’ is often employed for the analysis stage of
a life cycle assessment.

Goal definition (1SO 14040) is perhaps the most important component of LCA. The
inventory (ISO 14041) is an analysis, qualitative and/or quantitative, of the resources
used and the emissions generated in the life cycle. The impact assessment (1SO 14042)
can be divided into classification, characterization and valuation (Andersson et al.,
1994). The assessed impacts fall into three broad categories: human health, ecological
health and resource use (Tansey and Worsley, 1995). Characterization is the aggrega-
tion of inventory data within the impact categories by the use of equivalency factors
(Andersson et al., 1994). It is a largely quantitative step that analyzes the relative con-
tribution of the multiple inputs or outputs by category (Tansey and Worsley, 1995).
Valuation can be carried out either qualitatively or quantitatively by expert panels or by
comparison of environmental loading profiles, respectively (Andersson et al., 1994;
Boudouropoulos and Arvantioyannis, 1999). Interpretation (ISO 14043) stands for
conclusions based on the assessment and suggestion of improvement actions.

Table 3.1 Structure of LCA suggested by the Society of Environmental

Toxicology and Chemistry (SETAC)

Analysis Goal definition and scooping
Inventory analysis

Assessment Impact assessment, which is divided into:
Classification
Characterization
Valuation
Improvement analysis

Andersson et al., 1994, Tibor and Feldman, 1997



ISO 14040: Life Cycle Assessment (LCA) - Principles and Guidelines 99

International Standards are playing a critically important role in all industries for
national production, international terminologies, safety and health protection, meas-
urements, analysis, quality control and environmental protection, particularly in the
energy field, where standards for the interfaces in energy flows are indispensable, such
as electric connectors, fueling devices, calibration methods and electrical safety.
Besides the specific standards for petroleum, coal, nuclear and hydro-power, hydrogen
and the vast field of electricity, the energy standards series 1SO 13600 allows the char-
acterization, analysis and comparison of all energy systems and soon will issue a
global energy statistics and planning matrix for the transition to environmentally-
sound sustainable economics. These standards allow integrated resource planning,
including all new renewable options, such as the increasingly important direct and indi-
rect solar energy, co-generation, hybrid systems, small decentralized units, bio-energy,
ambient temperature use by heat pumps and substitutions of muscle-powered systems
or vice versa, besides the more efficient production and use of conventional finite and
renewable energy-sources (Grob, 2003). The total cost of their emissions, their net
gray, i.e. re-usable embedded energy, can be determined, total and relative efficiencies
can be calculated and their life cycles and risks can be assessed with this new standard
tool in conjunction with the many existing and emerging standards on specific energy
systems or parts thereof (Figure 3.1).

Examples of LCA studies on food production
systems

Most of the initially conducted LCA studies compared different packaging materials.
For example, for milk, a large number of studies has been carried out comparing sin-
gle-use cartons with disposable and refillable bottles of both glass and polycarbonate.
An ecologically sound recycling and recovery of the packaging material strategy
combines mechanical recycling with efficient feedstock recycling and energy tech-
niques. The analysis clearly showed that mechanical recycling of the high-grade film
and bottle fractions, which only accounted for about 30% of the plastic packaging of
households, has already reached its limits (Boudouropoulos and Arvanitoyannis,
1999, 2000).

In the feedstock recycling and energy recovery sectors, the blast furnace process,
thermolysis using the BASF process, monocombustion, for which pilot plants are
only available abroad at present, and hydrogenation at the Kohle-Ol-Anlage are in the
top group. Consequently, classification into mechanical recycling, feedstock recycling
and energy recovery techniques is merely process-orientated and does not constitute
an ecological evaluation (Rob, 1996). Table 3.2 provides a synoptic presentation of
the LCA studies carried out on foods and (food) packaging materials.

Life cycle assessment (LCA), the systematic inventory and evaluation of environ-
mental impacts of a product ‘from the cradle to the grave’, is an emerging tool. On
one hand, it is used by governments, e.g. when establishing ecolabeling criteria for
certain product groups or when defining mandatory re-use or recycling quotas as done
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Figure 3.1 Factors affecting the total cost of emissions (adapted from Grob, 2003)

in the context of the German packaging ordinance. On the other hand, it is increas-
ingly applied by companies for the identification of environmental weak spots in
products and for product development (Grotz and Scholl, 1996; Oosterhuis et al.,
1996; Rubik, 1997; Scholl and Nisius, 1998).

LCA methodology has become well known and accepted in both Europe and
the USA and is a procedure used to quantify inputs and outputs related to a product
or an activity system. It may be used to assess environmental performances of indus-
trial and consumer goods from the very beginning of their production to the end
of their use, both for internal (e.g. improvement of product performances) and exter-
nal uses (e.g. communication or marketing) (Vigon and Jensen, 1995). LCA is a
process:

to evaluate environmental burdens related to products, processes or activities, to identify potential

impacts on the environment coming from energy or material consumptions, to identify and to eval-
uate possible product improvements (SETAC, 1993).
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Table 3.2 LCA studies on foods

Product (food)

Peas, bread and
milk products

Margarine
Bread and meat

Canned cooked
products

Fruit yogurt
Bread, beer and
cheese
Tomatoes and
cucumbers
Tomatoes

Potatoes

Milk chain supply

Ketchup
production

Milk production

Beer

Country

The Netherlands

The Netherlands

Denmark

Austria

Germany
Germany

Switzerland

Switzerland
Switzerland

Sweden

Sweden

Spain

Greece

Effect

Environmental impacts from packaging in proportion
to other parts of the food supply system

Two margarines and two low-fat products were
investigated, concentrating on the fat components and
packaging

Qualitative study with a very broad definition of
environmental parameters

Application of the Institute for Okologische
Wirtschaftsforschung’s eco-balance system. The study
involved four canning industries and one producer of
packaging

Comparison of processed products from ordinary and
ecological agriculture

Comparison of processed products from ordinary and
ecological agriculture

Comparison of seven hydroponic systems and eight
ordinary production systems (under glass, in tunnels,
and outdoor production)

Comparison of seven different ways of producing
tomatoes under glass

Investigation of seven combinations of thermal,
mechanical and chemical potato topping

The total use of energy and packaging materials seems to
be critical to the outcome. More knowledge of the amount
of wastage in households is required, both in absolute
numbers and as influenced by the type of packaging

Six alternative sub-systems, including packaging,
processing and transportation, were modeled and
simulated. The environmental impact categories

included were energy use, global warming, acidification,
eutrophication, photo-oxidant formation and the
generation of radioactive waste. It was concluded that
the contributions to acidification can be reduced
significantly and the environmental profile of the product
can be improved for either the type of tomato paste
currently used or a less concentrated tomato paste

Different sub-systems were identified and thoroughly
studied - farms, fodder factories and dairies - and even
though the collection of their inventory data took place
throughout one complete year, some values were found

to vary considerably. Raw milk production, specifically

the agricultural phase, and packaging manufacture have
been identified as the crucial elements. Other aspects

such as formulation of animal food at farms and emission
from boilers at dairies are also decisive when improvement
actions are to be set up

The impact categories most affected by the beer
production are the earth toxicity or heavy metals and the

Reference

Kooijman, 1993

Vis etal., 1992

Pedersen, 1992

IOW Wien, 1992

Ott, 1992
Ott, 1992

Hahn, 1992

Gysi and Reist, 1990
Jolliet, 1993

Sonesson and Berlin,
2003

Andersson and
Ohlsson, 1999

Hospido etal., 2003

Koroneos et al., 2005

(Continued)
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Table 3.2 (Continued)

Product (food) Country Effect Reference

category of smog formation. Bottle production, followed
by packaging and beer production are found to be the
sub-systems that account for most of the emissions

Wild caught Norway The fishing phase for the cod and the feeding phase for Ellingsen and
and farmed both salmon and chicken dominate for all environmental Aanondsen, 2006
salmon impacts considered. Chicken is most energy effective

followed by salmon and cod, which are almost on the
same level. The area of sea floor affected by bottom
trawling is around 100 times larger than the land area
needed to produce the chicken feed for production of
the 0.2 kg fillet. There is potential for improvement of
environmental performance, both for salmon farming
and cod fishing, especially when it comes to energy use

Danish fish Denmark Energy consumption is a key factor contributing to the Thrane, 2006
products environmental burden for all investigated fish products.

The (quantitative) LCA suggests that the environmental

hotspot for flatfish is the fishing stage. The same applies

to cod, Norway lobster, shrimp and prawn. Generally,

however, the use and retail stages are also important,

while the processing stage only represents an important

impact potential for certain types of fish products

(pickled herring, canned mackerel and mussels)

Fish The Netherlands Impacts such as climate change, stratospheric Pennington etal., 2004
ozone depletion, photo-oxidant formation (smog),
eutrophication, acidification, toxicological stress on
human health and ecosystems, the depletion of
resources and noise. The need exists to address these
product-related contributions more holistically and
in an integrated manner, providing complementary
insights to those of regulatory/process-oriented
methodologies

Canned tuna Spain The system under study included landing at harbor, Hospido etal., 2006
transport to the factory, processing inside the factory,
final product distribution to markets and use in
households. The results show that processing accounted
for the greatest percentage in all the impact categories,
except human toxicity potential. Inside the factory, the
production and transportation of tinplate was identified
as the most significant contributor and, consequently,
improvement actions were proposed and evaluated,
such as an increase in the percentage of the recycled

tinplate
Soft drink Israel A fair and globally sustainable comparison is feasible Ayalon etal., 2000
containers only if the costs of environmental burdens (or benefits)

are to be internalized in the price of the product
Egg packaging Greece PS packages contribute more to acidification potential, Zabaniotou and
(polystyrene and winter and summer smog, while recycled paper egg Kassidi, 2003
recycled paper) packages contribute more to heavy metal and

carcinogenic substances impact. Paper eggcups have
less environmental impact than the polystyrene ones

(Continued)
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Table 3.2 (Continued)

Product (food)

Alternative
coffee packaging

Environmental
sustainability in
food production
systems

Comparison of
two packaging
materials;
expanded
polystyrene
(EPS) and
corrugated
paperboard
(CPB)

Reusing food
packaging
(plastic)

Pesticides on
humans and
ecosystems

Country

Italy

The Netherlands

Singapore

Australia

Italy

Effect

Issues pointed out during the analysis recommend
particular diligence regarding the selection of materials
used for packaging production, an element required
during the design phase. The results of the study also
show that the use of polylaminated bags instead of
metallic cans in the case of small size packages could be
an alternative, even though this solution does not favor
material recycling

The systemic approach can calculate trade-offs along
supply chains that make up a production system. The

use of the method implies an extension of environmental
SCP towards the overall performance of a production
system. The final outcome is expressed in three
performance indicators: the total land, energy and water
requirement per kilogram of available food. For companies,
the data generated can be used to compare trends over
time, to compare results with targets and to benchmark a
company against others. For consumers, data can be used
to compare the environmental effects of various foods

LCA was used to investigate, quantify and compare the
potential environmental impacts of the life cycles of two
packaging materials, EPS and CPB inserts. The first LCA
cradle-to-gate study and impact assessment results
highlighted quantitatively the environmental benefits of
redesigning the products to consume less material.

The next LCA study explored various waste scenarios for
EPS and CPB inserts, displaying the positive and negative
environmental impacts of landfilling and incineration
options, as well as transportation. The least overall
damage caused to the environment for the ‘cradle-to-
grave’ study of both EPS and CPB comes from increased
incineration practices (90-100%) and the worst from

landfilling

The life cycle impacts in all impact categories examined in
this study were less for the proposed EPSHIPS/PE shrink-
wrap packaging than for the present EPS/PE packaging.
This is due to its lighter weight and also to the innovative
recycling/re-use strategy for the new packaging system

The life cycle assessment of impact of pesticides on
human health and ecosystems was determined by means
of a full-fate analysis and exposure to toxic pollutants
through different media and pathways, including residues
in food, based on the behavior of the pesticides in air and
the importance of transfers between soil and surface or
groundwaters. For human toxicity, estimates of pesticide
residues showed that food intake results in the highest
toxic exposure, about 10 to 10° times higher than that
induced by drinking water or inhalation. An intra-species
extrapolation factor of 10 explained the relationship
between acute (LC50) and chronic (NOEC) ecotoxicity,
whereas it was not suitable for inter-species extrapolation

Reference

De Monte etal., 2005

Gerbens-Leenes et dal.,
2003

Tan and Khoo, 2005

Ross and Evans, 2003

Margni et al., 2002

(Continued)
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Table 3.2 (Continued)

Product (food) Country

Pest Spain
management

toxicological

impact in

greenhouses

Human intake The Netherlands

of toxic pollutants

Food waste Australia
management

options

Solid waste Spain
management

Wheat The Netherlands

The ‘from cradle to grave’ perspective, which LCA can take into account, makes it
possible to judge and improve environmental performances over the entire life cycle,
as well as appraise embodied improvements at particular levels. Nevertheless, depend-
ing on the specific requirements of a company, LCA may also be used in a limited per-
spective (‘“from process to process’), which can be of particular interest should the
company wish to analyze carefully a limited part of the whole life cycle, the one under

Effect

Both the USES-LCA model and the empirical model
CST showed in general a higher level of potential
contamination in greenhouses treated with CPM,
permitting a quantification of these values. Results
must be considered as relative values due to the level
of uncertainty of both methods

The human population intake fraction is on average
107°-1078 for organics and 1073-10"* for inorganics,
depending on the emission compartment considered.
Chemical-specific human population intake fractions
can be 1-2.7 orders of magnitude higher or lower
compared to the typical estimates. For inorganics, the
human population intake fractions highly depend on the
assumption that exposure via food products can be
modeled with constant bioconcentration factors. The
environmental fate factor is on average 10~ ''-107'8
days m~2 for organics and 107 '°-107"? days m 3 for
inorganics, depending on the receiving environment and
the emission compartment considered. Chemical-specific
environmental fate factors can be 1-8 orders of magnitude
higher or lower compared to the typical estimates

Compared with the other three options, centralized
composting has a relatively poor environmental
performance due to the energy-intense waste collection
activities it requires. Implementing a separate collection
and transportation system for organic waste results in
relatively high environmental impacts due to the frequency
of collections and the small quantities of green waste
collected per household

Scenarios with energy recovery achieve better
environmental performances than scenarios without
energy recovery. The scenario with emphasis on the
recovery of the putrescible fraction performs slightly
better than the one which emphasizes the quality of the
recovered materials, for most of the impact categories
and impact assessment methods

Comparison of wheat (only one herbicide treatment and
only animal manure applied) to ordinary wheat (artificial
fertilizer and employment of growth-regulating agents)

its own control (De Monte et al., 2005).

Reference

Anton etal., 2004

Huijbregts et al., 2005

Lundie and Peters,
2005

Bovea and Powell,
2006

Jolliet etal., 1996
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As regards the potential applications of LCA, Azapagic (1999) from Hospido et al.
(2003) put forward the main uses as follows:

1 Identification of environmental improvement opportunities
2 Strategic planning or environmental strategy development
3 Product and process optimization, design and innovation

4 Environmental reporting and marketing.

Life cycle assessment (LCA) is an analytical tool for the systematic evaluation of the
environmental aspects of a product or service system through all stages of its life
cycle. A graphical description of LCA methodology based on the principles of 1ISO
14040 is shown in Figure 3.2.

The main applications of LCA are in:

1 Analyzing the origin of problems related to a particular product
2 Comparing improvement variants of a given product

3 Designing new products

4 Choosing among a number of comparable products (LCA part 1).

Life cycle assessment framework

Goal and scope |, |
definition
A A A

» Impact assessment

A

Inventory analysis

N N A 4

Interpretation

N

Direct applications

Product development

and improvement Strategic planning Public policy making

Marketing Other

Figure 3.2 Phases and applications of an LCA (ISO 14040, 1997)
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Pennington et al. (2004) recently compiled a review on the life cycle impact assessment
(LCIA) phase, focusing on the key attributes of the supporting models and methodolo-
gies. These models and methodologies provide LCA practitioners with the factors they
need for calculating and cross-comparing indicators of the potential impact contribu-
tions associated with the wastes, the emissions and the resources consumed that are
attributable to the provision of the product in a study. ISO 14042, entitled ‘Life Cycle
Assessment — Impact Assessment (LCIA)’, proposes to provide guidance on the impact
assessment phase of LCA. This phase of LCA is aimed at evaluating the significance of
potential environmental impacts using the results of the life cycle inventory analysis
(Haklik, 1998). The environmental load unit taken from the natural resource or sub-
stance effect index multiplied by the amount of the substance used or released produces
a total environmental load value (ELV) for the particular product or process (Kuhre,
1995). Because of the inherent subjectivity in impact assessments, the most critical
requirement for their conduct will be disclosure, so that decisions and assumptions can
be clearly described and reported (Haklik, 1998). LCIA consists of both mandatory and
optional elements, as illustrated in Figure 3.3 (ISO 14042, 2000):

1 Selection of the impact categories of interest, the indicators per impact category
and the underlying models (a procedure also considered in the initial goal and scope
phase of an LCA)

2 Assignment of the inventory data to respective impact category. Impact categories
include climate change, stratospheric ozone depletion, photo-oxidant formation
(smog), eutrophication, acidification, water use and noise.

The food production industry requires large inputs of resources and causes several
negative environmental effects. The food production systems are oriented and opti-
mized to satisfy economic demands and the nutritional needs of a rapidly growing
world population. Environmental issues, however, have not been given much atten-
tion. There are many difficulties in conducting life cycle studies of food products.
Ideally, a complete study should include agricultural production, industrial refining,
storage and distribution, packaging, consumption and waste management, all of
which together comprise a large and complex system (Koroneos et al., 2005).

LCA case studies reported

The typical problem encountered in the case of applying the LCA methodology to a
food system is, besides the great gaps in accessible data, how to handle the agricultural
production and the consumer phase; for both these phases, collection of representative
data is only one difficulty. Agricultural production makes special demands on the LCA
methodology (Heijungs, 1992; Tansey and Worsley, 1995; Rubik, 1997; Thrane, 2004).
For instance, it is difficult to determine the system boundary between the technological
system and nature; agricultural production takes place in nature itself and is actually a
part of the environmental system. Ideally, all of the crops in a crop rotation system
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Figure 3.3 Elements of LCIA (I1SO 14042, 2000)

should be studied, since a crop may be influenced by the previous crops; the environ-
mental loads should then be allocated between the different crops (an allocation prob-
lem is how to handle common agricultural co-products such as straw and animal
manure). Models to estimate the leakage of nutrients and pesticides in cultivation, for
different soils, climate and crops, are needed in LCAs of food products; the models for
characterization of human toxicity and ecotoxicity also need further development. In
particular, the energy analysis indicates that the household phase and the behaviour of
the consumer in conjunction with shopping (car use, distance and amount bought) may
be very important. In addition, the 5% loss in the household phase is equivalent to 5%
of the total environmental impact (Andersson and Ohlsson, 1999 ketchup).

The purpose of the ketchup LCA carried out by Andersson and Ohlsson (1999) was
to identify *hot-spots’, that is parts of the life cycle that are important to the total envi-
ronmental impact. The system investigated includes agricultural production, indus-
trial refining, packaging, transportation, consumption and waste management. Energy
use and emissions were quantified and some of the potential environmental effects
assessed. Packaging and food processing were found to be hot-spots for many, but not
all, of the impact categories investigated. For primary energy use, the storage time in
a refrigerator (household phase) was found to be a critical parameter as well. For the
production of tomato paste and ketchup, allocation was made by weight. The results
obtained were validated in the following ways. At the tomato paste plant, mass alloca-
tion yields the following requirements per tonne of product: 5.9GJ thermal and
0.38 GJ electrical energy. As to thermal energy use, the specific production line is
dominated by the evaporation and sterilization steps for which data on the use of
steam and electricity were collected and requirements of 5.1 GJ thermal and 0.18 GJ
electrical energy per tonne tomato paste were calculated.
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The beer production system investigated was divided into five subsystems. The life
cycle can be described briefly as follows:

1 Raw material acquisition: the LCA study starts with the transportation of the raw
materials to the fermentation factory. The transportation to the factory is made
mainly by heavy-duty vehicles (containers and tracks), which use diesel fuel. The
air emission factors (g pollutant/km) and the fuel consumption are calculated. The
calculation is based on the type of vehicle and the average speed of the vehicle
(Koroneos et al., 2005). The pollutants that are calculated were CO, NO,, high
volatile organic chemical (VOC), PM, CO,, and SO,.

2 Beer production: the main ingredients for the production of beer are water and
barley malt. To produce 1 liter of beer, the brewery will consume 5.25 liters of
water close to the 7 liters reported in the literature (Andersson et al., 1994). The
production of beer is a batch process and 12 000 kg of barley malt are processed in
each batch. Figure 3.4 shows the basic input and outputs in the beer production
subsystem.

3 Bottle production: the bottle production was investigated and analyzed since the
bottles are produced mainly from recycled glass.

4 Packaging and bottling: the bottling of one batch requires 140 376 bottles (0.546 kg
of glass per bottle) including losses (about 3% of which is returned to the bottle
producer as scrap glass). Of these bottles, about 51% is from returned bottles to the
factory and the rest come from the bottle producer.

5 Transportation/storage/distribution: the LCA study was completed with the trans-
portation and distribution of the produced beer to the consumers. Also the distribu-
tion of solid wastes and recyclable materials was taken into account.

According to the results obtained, it was concluded that for most of the impact
categories, bottle production followed by packaging and beer production are the sub-
systems that contribute heavily to the adverse environmental impacts (emissions)
of the beer production. Thus, the attempt to minimize the latter caused by beer
production should focus on the minimization of the emissions released by these
subsystems.

LCA was applied to egg packaging from polystyrene (PS) and recycled paper by
Zabaniotou and Kassidi (2003). The input and output streams of mass and energy
were examined and the environmental impacts associated with the two systems ana-
lyzed. The application of LCA by using Ecolndicator 95 has made possible the com-
parison of the environmental impacts of two egg packages. The results of this LCA
study were discussed and revealed that the PS packages contribute more to acidification
potential, winter and summer smog, while recycled paper egg packages contribute
more to heavy metal and carcinogenic substances impact. Nevertheless, it seems that
paper eggcups have less environmental impact than the polystyrene ones with the
assumption that the accuracy of the results is confined by the credibility of European
databases used for primary data.

The dairy sector has been extensively studied from the perspective of LCA in
Norway: milk production (Hogaas, 2002); Sweden: milk production focused on the
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Figure 3.4 Input and outputs in the beer production subsystem for one batch (adapted from Koroneos
etal., 2005)

farm level (Cederberg and Mattson, 2000) and semi-hard cheese (Berlin, 2002); and
Germany: milk production, with a special interest on impacts associated to agriculture
(Cederberg and Mattson, 2000; Haas et al., 2001). Although all dairy products are
essential for the everyday nutritional regime, milk production has been chosen in this
work as the most representative due to its outstanding position as an important staple
food. In fact, most citizens consider consumption of milk in infancy, childhood and
throughout adult life, as a prescription for good health. Regarding the different types
of milk, skimmed milk (0.5% fat), semi-skimmed milk (1.5-1.8% fat) and whole milk
(3.5% fat) are the most important ones (Hospido et al., 2003). The life cycle of milk
production included in the analysis by Hospido et al. is shown in Figure 3.5. In this
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Figure 3.5 Schematic flow chart of the life cycle of milk. The main stages of the process are represented
in blocks; inputs associated with industrial processes in triangles; inputs from LCA databases in continuous
circles; impacts associated in discontinuous circles (adapted from Hospido et al., 2003)

analysis, six categories have been considered (global warming, stratospheric ozone
depletion, acidification, eutrophication, photo-oxidant formation and depletion of abi-
otic resources) as well as a flow indicator, energy consumption; on the contrary, oth-
ers such as eco- and human toxicity and land use were not analyzed. In a qualitative
way, they considered that potential damage over those categories should not be very
significant if the nature of emissions (with the exception of pesticides at the agricul-
tural phase) and the Galician land characteristics (low population density and low
industrial character) are borne in mind. Among these six categories, three have been
reported as significant: eutrophication, acidification and global warming. Several
actions focused on these categories (specifically on eutrophication potential (EP) and
acidification potential (AP)) have been proposed and the percentages of reduction
have been measured. However, it is necessary to indicate that there is an action that,
although it cannot be quantified, had to be pointed out due to its importance on global
warming potential (GWP). Methane emitted by cows on farms is responsible for more
than 30% of greenhouse gas emissions, so it has an outstanding weight. The elements
involved at animal feed turned out to be accountable for an important percentage of
all the impact categories at the farm level. In addition, the item ‘impacts associated
with milk production’, which includes emissions to air as well as to water, were iden-
tified as responsible for certain categories (GWP and PCOP).

The milk supply chain model consists of two main parts: a background and a fore-
ground system (Figure 3.6). The actual handling of dairy products is the foreground
system. However, to supply the foreground system with such necessary inflows as
packaging material, water and energy in various forms, and also to take care of its
residues, background systems are necessary. The results from a simulation thus
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Figure 3.6 LCA in future milk supply chains in Sweden (adapted from Sonesson and Berlin, 2003)

include emissions from both background and foreground systems as well as all use of
primary energy carriers caused by the milk supply chain. All models are static, i.e. the
emissions and use of energy change linearly with changes in the flow, no economies
of scale are assumed. The subsystems involved are as follows:

Truck transport

Car and van transport

Dairies

Retail

Households

Energy system

Production of packaging material

Production of drinking water

Waste management (Sonesson and Berlin, 2003).
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Within dairies, more products and more frequent deliveries to retailers probably result in
less efficient dairies. The effects are also noticeable in distribution, retailing, home trans-
port and wastage within households. The model used in this study could still be improved
to reflect fully the strong trends in this direction and provide reliable indications of their
effects on environmental impacts. The total use of energy and packaging materials



112 Waste Management for the Food Industries

seems to be crucial to the outcome. More knowledge of the amount of wastage in
households is needed, both in absolute numbers and as influenced by the type of pack-
aging. In future studies, it might be interesting to include agriculture in the analysis
since different future scenarios will probably also affect the structure of agriculture. In
this study, agricultural patterns would probably differ in the large-scale scenario and in
the green IT-wave scenario and thus would have different impacts on the environment.

Due to the global aspects of production, use and disposal of goods, there should be
a market mechanism to internalize environmental costs. The use of the suggested
approach will promote optimal economic and environmental decisions with regard to
soft drink containers. The multidimensional LCA methodology elaborated illustrated
how to account for the full costs of alternative packaging materials and their disposal
options, while taking into consideration the entire life cycle. To ensure a fair and glob-
ally sustainable comparison, the costs of environmental burdens (or benefits) should
be internalized in the price of the product. This mechanism will ensure that there will
be no advantage for importing countries over the exporting ones that bear most of the
environmental burdens occurring mainly in the first stages (i.e. raw material acquisi-
tion) (Ayalon et al., 2000).

Georgakellos (2005) proposed a new method for evaluating the results of a life
cycle inventory using critical volume aggregation and polygon-based interpretation.
It is designed to help decision-making in less sophisticated comparisons of products.
Its main advantages are simplicity and flexibility, while it leads to an easily compara-
ble single value, without being information intensive. As to disadvantages, except
for the usual weaknesses of this kind of procedure, one can mention that some ambi-
guity cannot be avoided, while it may not result in a definite conclusion in specific
conditions. An application of this method concerning the comparison of three soft
drink containers (a glass bottle, an aluminum container and a PET bottle) is
represented to illustrate the proposed framework. The life cycle system consists
of 11 subsystems that together cover the entire life cycle of the containers. These
subsystems are:

1 raw material acquisition and materials manufacture (it includes all the activities
required to gather or obtain a raw material or energy source from the earth and to
process them into a form that can be used to fabricate a particular container)

2 materials transportation (to the point of containers fabrication)

3 containers fabrication (this is the process step that uses raw or manufactured mate-
rials to fabricate a container ready to be filled)

4 containers transportation (to the point of filling)

5 filling-final product production (it includes all processes that fill the containers and
prepare them for shipment)

6 final product transportation (to retail outlets)

7 final product use (it comprises activities such as storage of the containers for later
use, preparation for use, consumption, etc.)

8 solid waste collection and transportation for landfilling (it begins after the contain-
ers have served their intended purpose and enter the environment through the waste
management system)
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9 solid wastes landfilling (it includes all necessary activities for the land disposal of
waste)

10 used containers collection and refilling (it includes all the activities required to
off-site re-use, such as the return of the containers to be re-filled for their original
purpose)

11 recycling (it encompasses all activities necessary to take the used containers out of
the waste management system and deliver them to the container fabrication stage).

These 11 subsystems that all together form the LCI system are represented in
Figure 3.7.

The life cycle of rice (produced by vessel, medium-boiler and untreated process)
was evaluated to determine environmental load and production cost of rice in
Bangladesh. All the production processes have a negative effect on the environment
and the environmental load varies from process to process. The inventory results
(energy consumption and CO, emission) gradually decreased from the vessel to the
untreated process (vessel > medium boiler > untreated). The untreated process was
found to be both the environmentally sustainable and cost-effective process compared
to the others, if milled rice is consumed instead of head rice (whole kernels after
milling). A change in production process and consumption pattern (parboiled to
untreated rice) would help to conserve 8-29% primary energy (biomass) and abate
2.5-9.6 million tons CO, emission per year in Bangladesh. Among the local parboil-
ing processes, vessel and medium-boiler and the untreated process were considered to
evaluate the life cycle of rice. Figure 3.8 shows the life cycle of rice under different
processing methods (Roy et al., 2007). The cost and profit are the most important
indicators in decision-making on an investment. The processing capacity of the
untreated process was assumed to be the same as the vessel process. Rice yield is an
estimate of the quantity of rice (after milling) which can be produced from a unit of
paddy and expressed in a percentage, i.e.

Milled rice yield = [(weight of rice kernels after milling)/(weight of paddy)] < 100,
and head rice yield = [(weight of whole rice kernels after
milling)/(weight of paddy)] X 100

The maximum head and milled rice yield were reported to be 68% and 70%, respec-
tively for parboiled rice and these were 60% and 68%, respectively for untreated rice
(Roy, 2003).

Seafood products have hardly been studied from an LCA perspective. Ziegler et al.
(2003) have studied the entire life cycle of frozen cod as an example of seafood,
emphasizing the fishery-specific types of environmental impact. Thrane (2004)
worked on the analysis of a wide range of Danish fish products, such as flatfish, also
from a life cycle perspective. A finding common to both studies is that the fish har-
vesting stage of the production cycle typically accounts for 70-95% of the total
impact regardless of the impact category considered. Hospido and Tyedmers (2005)
studied thoroughly the fish harvesting stage.



114 Waste Management for the Food Industries

Figure 3.7
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Figure 3.8 Life cycle of rice (adapted from Roy et al., 2006)
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Inside the factory, the canned tuna manufacture is divided into seven subsystems,
six of which are related to the process itself and the seventh comprises the ancillary
activities, such as wastewater treatment and tinplate production for packaging:

Landing and transport
Reception, thawing and cutting
Cooking (key step for quality of the finished product)
Manual removal of skin, viscera, bones and other useless parts
Liquid dosage and filling
Sterilization and cooling in tunnels with steam and dried
Quality control and packaging
Assembly shop for cans and easy-open rings as well as the wastewater treatment
plant (ancillary activities)
9 Labeled transport to wholesale and retail
10 Household use (Hospido et al., 2006).

O NO Ol WN P

A representative flow diagram of canned tuna production with inputs and outputs at var-
ious stages based on LCA principles is given in Figure 3.9. Important reduction is likely
to be achieved if changes related to packaging (recycling and composting) are carried out.

An eco-label for fish products caught by energy efficient fishing practices would be
one way to promote sustainable fisheries, but authorities should also consider subsi-
dies, fuel taxes, re-distribution of quota and prohibition of certain types of gear.
Energy consumption is a key factor contributing to the environmental burden for all
investigated fish products. At the fishing stage, the fuel requirement amounts to sev-
eral liters of fuel per kg caught fish for some species, but the exact figure depends on
the applied method for co-product allocation. The qualitative LCA emphasized the
importance of the fishing stage, which generally is the main cause for overexploitation
of fish stocks, fatal accidents, damage to seafloor habitats, by-catch of sea mammals,
and discard. The processing stage only represents an important impact potential for
certain types of fish products (pickled herring, canned mackerel and mussels). The
latter is partly due to fuel efficient fishing practices and the use of energy intensive
packaging materials (Thrane, 2006).

The software SimaPro 6 (System for Integrated Environmental Assessment of
PROducts), developed by the Dutch PRé Consultants, was used as the LCA modeling
and analysis tool by the University of Cyprus. The software allows modeling and
analysis of complex life cycles in a systematic and transparent way, following the rec-
ommendations of the 1ISO 14040 (1997) series of standards. At this stage, the basic
model of the olive oil production cycle is built by creating the unit processes identi-
fied in concept of the LCA and interconnecting them into an assembly network
through ‘known outputs to technosphere (products and co-products)’. Since the soft-
ware only allows the creation of processes with quantified product output flow, in the
absence at this stage of quantified flow data, a unit of product output is used for each
process. It is highlighted that the model is only preliminary and further development
will possibly be required during the implementation of the inventory analysis. A list
with the processes used in the model is provided in Table 3.3. There are three types of
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Table 3.3 Unit processes included in basic olive oil model

Process category Unit process Output to technosphere
Material Irrigation water supply Electricity produced (J)
Irrigation

Fertilizer production
Fertilizer application
Pesticide production
Transportation of pesticides to farm
Pesticide application
Herbicide production
Herbicide application
Olive collection
Water treatment
Water supply

Olive purification

Olive grinding
Oil extraction

Transportation Transportation of fertilizers to farm Transported fertilizers, herbicides and
Transportation of herbicides to farm olives (tonnes/km)

Transportation: olive farm to
production unit

Processing Soil management Olive trees planted, cultivated and
Olive tree planting pruned (p)
Olive tree cultivation
Pruning
Pre-processing olive storage Storage time (h)

Bulk storage of olive oil

Waste treatment On-site liquid waste treatment Waste treated (m? or kg)
Wastewater supplied through network
Wastewater treatment (public)
Pomace processing
Solid waste treatment

Adapted from http://www.ecoil,tuc.gr/SimaPro%206.pdf

inputs. The first type, inputs from nature, refers to inputs that are extracted from nat-
ural resources. It is highlighted that this is just referring to the fact that a resource is
used, thus the emissions and other environmental impacts to extract the resource
should be included in the process. The second input type, inputs from technosphere
(materials/fuel) refers to materials and mass flows respectively supplied by other unit
processes, whereas the third type, inputs from technosphere electricity/heat refers to
non-mass flows including transport and energy supplied by other unit processes. It is
highlighted that the only reason SimaPro separates mass and non-mass flows is to
allow easier mass balance checks. It is important to highlight that one should only con-
sider potential impacts. Whether the potential materializes will depend on a long series
of other factors such as precise fate, exposure, background concentrations and sensitiv-
ity of the receiving environment (ecosystems, humans etc.) in the area affected. The
impact chain describes the environmental mechanism from ‘exchanges’ to ‘endpoints’.
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An ‘endpoint’ is something that one wishes to protect (a value item) such as trees,
crops, rivers and human health. A *midpoint’ on the other hand, refers to all elements
in an environmental mechanism of an impact category that fall between environmen-
tal exchanges and endpoints.

Expanded polystyrene (EPS) and corrugated paperboard (CPB) are used in many
industrial applications, such as containers, shock absorbers or simply as inserts. Both
materials pose two different types of environmental problems. The first is the pollu-
tion and resource consumption that occur during the production of these materials; the
second is the growing landfills that arise out of the excessive disposal of these pack-
aging materials. The first LCA cradle-to-grave study and impact assessment results
highlighted quantitatively the environmental benefits of redesigning the products to
consume less material. The next LCA study explored various waste scenarios for EPS
and CPB inserts, displaying the positive and negative environmental impacts of land-
filling and incineration options, as well as transportation. In conclusion, the least over-
all damage caused to the environment for the ‘cradle-to-grave’ study of both EPS and
CPB comes from increased incineration practices (90-100%) and the worst from
landfilling (Tan and Khoo, 2005).

Pulp and paper mills are also among the five major industrial water users in the
USA, consuming about 7.5 X 10® m%/day according to Gould (1976). Most of this is
discharged into the environment as wastewater from the washing process. Nearly 50%
of the wood entering the pulp mill leaves the mill as product paper. Good and Trocino
(1979) report that 14 million tons of bark removed each year become a disposal prob-
lem since uses of fibers as fuel have been outstripped by production. The greatest per-
centage of loss in weight from trees to paper is represented by solids, which must be
disposed of into the environment. A balanced industrial complex entered a pulp and
paper mill as early as 1977 (Nemerow et al., 1977). Timber is brought into the complex
to the pulp mill. Major wastes from wood pulp mill are bark, which is burned subse-
quently in the steam plant, and sulfate waste liquor, which is used in three internal
plants: road binder, vanillin and sulfate concentrating. Products from road binder and
vanillin can be sold locally or internationally. In all, this complex manufactures six
products for external scale: fine paper, wrapping paper, hardboard, vanillin, paperboard
and road binder. It also produces four products for internal use: concentrated sulfate,
wood pulp, wrapping paper and groundwood pulp. In addition, all the major wastes of
suspended solids, cooking liquor, fillers, heat and bark are reused within the complex
in the manufacturing of these products. The solids concentration of spent sulfate liquor
waste from the pulp mill digester will vary from 6% to 16%, with an average value of
11%. These solids may contain as much as 68% liquosulfonic acid, 20% reducing sug-
ars and 6.8% calcium. Complete evaporation of sulfate waste liquor produces a fuel
that can either be burned without an additional outside fuel supply or yield a salable by-
product such as synthetic vanillin or road binder (Nemerow, 1995). The overall poten-
tial production of Kraft papers of different quality is presented in Figure 3.10.

New human population intake fractions after emission to rural and urban air are
systematically higher compared to the previous model calculations. A higher human
population intake fraction via inhalation, resulting from a longer modeled residence
time of chemicals in air caused by the inclusion of no rain conditions, clarifies this
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systematic difference. It was also shown that the new human population intake frac-
tions after emission to industrial soil are systematically higher (factor of 6) compared
to the previous model calculations. This can be explained by the fact that a higher run
off rate from industrial soil to surface water is assumed, resulting in higher surface
water concentrations and consequently drinking water and fish concentrations in the
new model version. However, after emission to agricultural soil the human population
intake fractions are systematically lower (factor of 10) compared to the previous model
calculations.

The new fate factors of the marine environment are systematically higher due to the
assumed lower degradation rates in seawater compared to freshwater (Huijbregts
et al., 2005).

Another study assessed the relative impacts of pest-control methods in green-
houses, based on current LCA tools. As a case study, the relative impacts of two tomato
production methods, chemical pest management (CPM) and integrated pest manage-
ment (IPM), were assessed. The amount of the active ingredient applied, the fate of
the ingredients in the various greenhouse and environmental compartments, the human
exposure routes via the various compartments and the inherent toxicity of the ingre-
dients were taken into account in the relative impact calculations. The importance of
model selection in the assessment pesticide-specific fate and exposure factors for
humans and aquatic and terrestrial ecosystems, used to aggregate pesticide emissions,
was calculated with two different models:

1 the USES-LCA model, adapted in order to calculate the pesticide transfer from
greenhouse air and soil to fruits
2 the empirical model critical surface time (CST).

Impact scores have in general shown a higher level of potential contamination in green-
houses treated with CPM compared to IPM (a factor of 1.4 to 2.3) (Anton et al., 2004).

The development of methodologies to assess the effects of pesticides in a consistent
way and to enable comparison with the impacts from other agricultural practices is
urgently needed. LCA is used to determine the impact of pesticides on human health
and ecosystems. The approach considers a full-fate analysis and the exposure to toxic
pollutants through different media and pathways, including residues in food, based on
the behavior of the pesticides in air and the importance of transfers between soil and
surface or groundwaters. For human toxicity, estimates of pesticide residues show that
food intake results in the highest toxic exposure, about 10 to 10° times higher than that
induced by drinking water or inhalation. Better evaluation practices of pesticide residues
in food need to be established in priority. For the *no effect concentration (NEC)’ used
as a reference for both terrestrial and aquatic ecotoxicity, extrapolation methods are
developed on the basis of experimental data. Extrapolation coefficients for risk assess-
ment are to be used with caution; an intra-species extrapolation factor of 10 explained
the relationship between acute (LCsg) and chronic (NOEC) ecotoxicity, whereas it was
not suitable for inter-species extrapolation. The method was applied to five fungicides
that have the same function on wheat. It was demonstrated that the comparison of pes-
ticides is feasible, the pollution sources of highest concern being identifiable and the
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best environmental management practices thereby promoted without penalizing the
crop itself. Relative impacts have been shown to be highly dependent on the selection
of specific pesticides and crop stage development at the moment of pesticide applica-
tion. This means that both CPM and IPM could be improved by a careful selection of
pesticides (Margni et al., 2002).

Environmental sustainable corporate performance (SCP) often focuses on events at
a local level. The enormous number of indicators found in the literature generates
numerous data that often provide no additional knowledge on the environmental sus-
tainability of a system. Overall environmental implications of food production are
therefore poorly understood. The proposed measuring method uses three indicators
that address global environmental issues: the use of energy (from both fossil and
renewable sources), land and water. The systematic approach can calculate trade-offs
along supply chains that make up a production system. The use of the method implies
an extension of environmental SCP towards the overall performance of a production
system. The final outcome is expressed in three performance indicators: the total land,
energy and water requirement per kilogram of available food. For companies, the data
generated can be used to compare trends over time, to compare results with targets
and to benchmark a company against others. For consumers, data can be used to com-
pare the environmental effects of various foods. The method is also applicable to other
business sectors (Gerbens-Leenes et al., 2003).

In alumina production, also commonly named alumina refining, bauxite is con-
verted to aluminum oxide using the Bayer process, which uses caustic soda and cal-
cined lime (limestone) as input reactants. Bauxite is ground and blended into a liquor
containing sodium carbonate and sodium hydroxide. The slurry is heated and pumped
to digesters, which are heated pressure tanks. In digestion, iron and silicon impurities
form insoluble oxides called bauxite residue. The bauxite residue settles out and a rich
concentration of sodium aluminate is filtered and seeded to form hydrate alumina
crystals in precipitators. These crystals are then heated in a calcining process. The
heat in the calciners drives off combined water except for alumina. Fresh water (input
taken conservatively whether the water used is from fresh, underground, mine waste
water, etc. sources) or seawater is used as cooling agent. The major differences in pro-
cessing are at the calcination stage. Two types of kilns are used: rotary and fluid bed.
The fluid bed or stationary kiln is newer and significantly more energy efficient. Energy
requirements (coal, diesel oil, heavy oil, natural gas and electricity) have almost been
halved over the last 15 years with the introduction of higher pressure digesters and
fluid flash calciners. Air emissions mostly arise from the calcination stage (particu-
lates; NO, (as NO,), SO,, from fuel combustion; mercury found in bauxite ores),
while water emissions come from cooling use (fresh water, seawater, oil/grease) or are
linked with the digestion stage (suspended solids, mercury found in bauxite ores).
Most of the bauxite residue currently turns out as solid waste, while a small but grow-
ing fraction is reused. Other by-products for external recycling are reaction chemi-
cals. Other landfill wastes are typically inert components from bauxite such as sand or
waste chemicals (International Aluminium Institute, 2003).

Keoleian and Kar (2003) used the LCD framework to evaluate three air intake man-
ifold designs: a sand cast aluminum, brazed aluminum tubular and nylon composite.
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Life cycle inventory, life cycle cost and product/process performance analyses high-
lighted significant trade-offs among alternative manifolds, with respect to system
design requirements. The life cycle inventory indicated that the sand-cast aluminum
manifold consumed the most life cycle energy (1798 MJ) compared to the tubular
brazed aluminum (1131 MJ) and nylon composite (92 MJ) manifolds. The cast alu-
minum manifold generated the least life cycle solid waste of 218 kg per manifold,
whereas the brazed aluminum tubular and nylon composite manifolds generated com-
parable quantities of 418 kg and 391 kg, respectively. Material production accounted
for 70% of the total life cycle solid waste for the brazed tubular manifold, while auto
shredder residue was responsible for half the total waste for the nylon composite
design. The life cycle cost analysis estimated Ford manufacturing costs, customer
gasoline costs and end-of-life management costs. The nylon composite manifold had
the highest estimated manufacturing costs but the least use phase gasoline costs.
Significant end-of-life management revenues from aluminum recycling would accrue
to Ford under automobile take back legislation. A total of 20 performance require-
ments were used to evaluate each design alternative. Table 3.4 shows that the life cycle
costs of the two aluminum manifolds are similar. The life cycle cost of the composite
manifold is approximately $10.76 more than that of the aluminum manifolds. The
material cost of a sand-cast manifold is about $5.23 higher than that of multitube
brazed and $6.87 higher than composite manifold. The higher material cost of a sand-
cast manifold is due to its higher weight compared to a multitube brazed manifold.
The final studies of this chapter are two handbooks of guidelines and checklists for
the eco-efficient development of two types of vending machines: one for snack and
food (spirals model), the other for hot and cold drinks. In order to achieve these results,
an LCA has been developed and a system to prioritize guidelines has been adopted;
this system has led to a procedure which moves from general to specific guidelines and
checklist. Finally, these tools have been integrated within the company procedure. The
adopted design criteria were: energy reduction in use, product and components life
extension, materials life extension, design for disassembly, material consumption reduc-
tion, toxicity reduction, conservation and bio-compatibility. For each of these design

Table 3.4 Life cycle costs of intake manifolds (in US dollars)

Composite Sand-cast

us German us German
Material cost 6.01 6.01 12.38 12.38
Manufacturing cost
Fixed 3.90 3.90 2.70 2.70
Variable 50.16 50.16 38.66 38.66
Use phase costs 4.47 11.90 10.52 28.16
End-of-life costs 0.42 0.42 1.81 1.81
Salvage value 0.68 0.58 5.93 5.93
Life cycle cost 58.27 65.70 47.76 65.40

Adapted from Keoleian and Kar, 2003
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criteria, a priority indicator was computed according to their potential of environmen-
tal improvement (relative to the other criteria). The highest priority was defined (nor-
malized) as 100; the lower values indicated the relative lower priorities (Mezzoli and
Sciama, 2006).

The methodology applied to evaluate the environmental performance of each alter-
native is life cycle assessment (LCA). The analysis has been performed at two levels;
first, the emissions accounted for in the inventory stage have been arranged into
impact categories to obtain an indicator per category; and secondly, weighing of envi-
ronmental data to a single unit was applied. Despite quantitative differences between
the results obtained with four alternative impact assessment methods, the same pref-
erence ranking has been established: scenarios with energy recovery 1v — this sce-
nario emphasizes the recovery of the putrescible fraction. The household waste is
source separated into three fractions: putrescible, restwaste and recyclable — and
2v — emphasis on quality of the recovered materials, both organics and inorganics and the
household waste is source separated into four fractions: putrescible, inorganic, restwaste
and recyclable — achieve major improvements compared to baseline, with scenario 1v
being better than 2v for all impact assessment methods except for the EPS’00 method,
which obtains better results for scenario 2v (Table 3.5) (Bovea and Powell, 2006).

A novel indicator aiming at characterizing the renewability of (bio)energy sources is
proposed — the energy renewability efficiency (ERenEf). ERenEf measures the fraction
of final fuel energy obtained from renewable sources. Inventory results — calculated
using four different allocation approaches and ignoring co-product credits — are ana-
lyzed in order to understand the effect of allocation in the energy efficiency and
renewability results. Sensitivity analysis shows that allocation has a major influence
on the results. This research concludes that bioethanol produced in France is clearly
favorable in terms of primary energy. A maximum ERenEf value of 48% was obtained
for wheat-based ethanol (mass allocation), meaning that 48% of the biofuel energy
content is indeed renewable energy. Fossil energy savings when gasoline is displaced
by bioethanol, bioETBE or E5 are calculated. In particular, pure bioethanol may save
up to 0.70 MJ, depending on whether wheat or sugar beet is used and on the allocation
procedure adopted. The production route of ethanol from wheat (Figure 3.11) includes
a sequence of mechanical and chemical processes, which can be divided in two main
stages. First, feedstock processing, including grinding of grains, liquefaction and sac-
charification, where enzymes are introduced to break down the starch in the wheat into

Table 3.5 Results of impact assessment methods

Reprocessing (%) Compost (%) Landfill (%)

Scenario 0 (Baseline) 10.5 13.4 55.0 without energy recovery
current situation

Scenario 1v 23.3 19.0 37.7 with/without energy recovery
Scenario 2v 24.2 19.0 36.8 with/without energy recovery

Adapted from Bovea and Powell, 2006
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fermentable sugar. Secondly, fermentation of sugar juice using yeast to produce
ethanol at 10-15% concentration, distillation of this solution to recover the ethanol at
higher concentrations (95%) and dehydration to obtain anhydrous ethanol used as fuel.
The leftover residue from the fermentation process (distiller’s dried grains with sol-
ubles (DDGS)) is the wheat equivalent of pulps from sugar beet but with higher protein
content and can be sold as high-protein animal feed (Malca and Freire, 2006). The
results demonstrated that the LCEA of wheat-based ethanol is highly sensitive to the
allocation method used. In fact, ERenEf values for bioethanol (wheat) can vary more
than 50%, ranging between —10% (replacement method) and 48% (mass allocation),
with 31% for energy allocation and 46% for allocation based on market values.
However, the energy renewability efficiency of ethanol from sugar beet varies only
between 33% and 37%, being less sensitive to allocation because, in this case,
co-production is not very relevant. ERenEf values calculated ignoring co-product cred-
its can be very low, emphasizing the importance of performing allocation. Regardless
of the kind of biofuel (pure or blended) assessed in this research, actual fossil energy
savings are achieved in comparison to gasoline, even though to different extents
depending on the fraction of bioethanol in the final commercial blend. Energy savings
per MJ of FEC range from 0.02MJ (E5) to 0.70MJ (bioethanol).

Sarmah and coworkers (2006) reported on the veterinary antibiotics entering the
environment through manufacturing plants, process effluents, disposal of unused or
expired compounds, overland flow runoff, unsaturated zone transport from fields to
which agricultural waste has been applied, and through leaky waste-storage structures
(Figure 3.12). The importance of the individual pathways of these compounds into the
environment varies and depends primarily on the waste storage, manure field applica-
tion practices and the type of antibiotic used. It has been reported that in some cases,
as much as 80% of the antibiotics administered orally to livestock, pass through the
animal unchanged into bacteria-rich waste lagoons and is then spread on agricultural
fields as a source of fertilizer (USEPA, 2000). The amounts of antibiotics excreted vary
with the type of antibiotic, the dosage level, as well as the type and the age of animal
(Katz, 1980). Studies on the occurrence, fate and transport of pharmaceutical com-
pounds in the environment are comparatively recent and a number of these com-
pounds have been detected in sewage effluents and surface waters, as well as in
drinking water (Ternes, 1998; Hirsch et al., 1999; Stumpf et al., 1999; Kolpin et al.,
2002; McArdell et al., 2003). Although the majority of these studies reported the
occurrence of human pharmaceuticals, there are instances where animal antibiotics
have been found in surface and groundwaters and in marine sediments.

LCA in the future

Nowadays, there is an increasing awareness that today’s life style should aim at more
sustainable production schemes in conjunction with limited use of renewable
resources and minimal environmental impact on land, water and air (Environment in
http://www.tc207.org/articles/). All processes have to be envisaged as potential



ISO 14040: Life Cycle Assessment (LCA) - Principles and Guidelines 127

Antibiotics
for animal/
fish
production

Manure

Manure as
fertilizer in fields

Leaching

Leaching

Aquatic
environment

Ground
water

Ground
water

Impact on
terrestrial
organisms

Impact on
aquatic
organisms

Figure 3.12 Anticipated exposure pathways for veterinary antibiotics in the environment (adapted from
Sarmah et al., 2006)

resources since their by-products provide the primary material for a subsequent
process in a continuous regenerative loop (Tansey and Worsley, 1995). Life cycle
assessment, though not a brand new tool any more, is still able to analyze and assess
the environmental impacts associated with a product, process or service by multi-
attribute product evaluations. The importance of LCA as an environmental decision
support tool continues to increase rapidly. A distinction between the objective and
subjective elements of LCA is bound to take place in order to clarify the structure of
the method and be of great help to the decision-making. Goal definition and scoping
as well as interpretation of the inventory results would benefit most from decision
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analytic approach and methods. In these phases, subjectivity and the overall goal of
the process have a major impact. The important dimensions of the decision problem
could be presented in a value tree and this could be exposed to general discussion and
modification before deciding the actual content and scope of the study. Pertinent
answering of the prioritization questions at an early stage of the study is anticipated to
help greatly the decision-makers in terms of identifying both the real decision alter-
natives and the concrete environmental problems closely linked with the product’s
environmental impacts thus providing the required inventory data. Valuation referring
to values is another subjective issue and is closely linked to preference data (Miettinen
and Hamalainen, 1997).
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Introduction

The goal of European waste-related legislation is to protect public health and the envi-
ronment and, so far, it has had a significant impact. However, given the lack of preci-
sion of the definition of waste in the European Community Directive (European
Council, 1993), each Member State makes a different interpretation of the definition of
waste with regard to specific materials, resulting in trade barriers and the impact of this
upon the recycling industry is not to be underestimated. Under the present European
definition of waste, recoverable material is seen more as a potential pollutant than as a
potential raw material (Bontoux and Leone, 1997). Thanks mainly to the legislative
actions of the European Union (EU), the importance attached to environmental protec-
tion and awareness is being increasingly recognized across Western European nations.
The Urban Waste Water Treatment Directive, one of the main pillars of the existing EU
legislation on wastewater, has already been incorporated into national law in all
Member States and is necessitating investment at both municipal and industrial level in
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appropriate technology, including solid/liquid separation units. The Western European
solid/liquid separation market was found to have amassed revenues worth 1.63 billion
Euros in 2000 and demand for new and replacement equipment is expected to maintain
growth rates in the short and medium term. The impressive range of applications using
solid/liquid separation equipment is forecast to overcome the problem of competitive
pricing in many market sectors, producing a Western European market valued 2.13 bil-
lion Euros by 2007 (Frost and Sullivan, 2001). According to Pongracz and Pohjola
(1997) waste can be classified into four classes:

1 Class 1: non-wanted things created not intended, or not avoided, with no purpose

2 Class 2: things that were given a finite purpose thus destined to become useless
after fulfilling it

3 Class 3: things with well-defined purpose, but their performance ceased being
acceptable

4 Class 4: things with well-defined purpose and acceptable performance, but their
users failed to use them for the intended purpose.

Although incineration is an effective way of treating municipal solid waste, the poten-
tial public health effects associated with stack emissions have become a major public
concern. Some of the chemicals emitted are constituents of the waste, which move
through the combustion chamber and are not captured by pollution control devices.
Chemicals like polychlorinated dibenzo-p dioxins and furans (PCDD/Fs) emitted into
the atmosphere as air emissions are directly transmitted to humans through inhalation.
However, these chemicals can also be distributed in various media such as soil, vege-
tation, water, biota, etc. Therefore, human health can be indirectly affected through
different pathways, such as drinking water or groundwater, skin absorption of the
chemicals present in water, consuming contaminated foodstuffs and through ingestion
and skin absorption of those chemicals adsorbed to soil (Meneses et al., 2004).

Human health risk assessment requires identification of the pathways through
which people can be potentially exposed to the chemicals of concern (PCDD/Fs in
this case). The quantitative health risk assessment due to a PCDD/F exposure is con-
sidered as a combination of five parameters:

1 intake of contaminated soil (hand-to-mouth transfer)

2 ingestion of vegetables grown in the area under evaluation
3 inhalation of re-suspended soil particles

4 inhalation of both vapor and particle air concentration

5 dermal absorption (Meneses et al., 2004).

In the policies of the EU and its Member States, biomass is expected to play a major
role as a renewable energy source (EU, 1997). In the course of implementing this pol-
icy, it appeared that a large proportion of the resource base for biomass consists of
waste. In the EU, both clean and contaminated biomass types may be used as fuels.
However, the stricter emission limit values for waste incineration will be applied
to those waste biomass fuels which are not exempted from the waste incineration
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legislation. As a consequence, stricter emission limit values will be set for electricity
plants which employ contaminated biomass than for electricity plants which are fired
with fossil fuels, or clean biomass. In this manner, the use of non-exempted waste bio-
mass for electricity production is either prevented or made more expensive. If pre-
vented, the non-exempted waste biomass is likely to be incinerated in a dedicated
waste incineration plant at a low electricity recovery efficiency and the balance of the
electricity consumption is probably made up by firing additional coal in an electricity
plant, with all associated additional emissions. If its use as a fuel in an electricity plant
is not prevented, but does takes place, its conversion costs are higher than under a non-
waste regime. By substituting fossil fuels, the emission of greenhouse gases will be
reduced. But not only those — also SO, and dust emissions from the aggregate of
power plants and waste incineration plants will be lower, since stricter emission lim-
its apply for these substances if released from fossil fuels or clean biomass. The addi-
tional costs therefore for substituting fossil fuels by waste should not be regarded as
costs purely made to reduce greenhouse gas emissions, but rather as expenses to
achieve other environmental objectives as well. Perhaps an economic consideration
may shed some light on the evaluation. At the root of a waste management chain,
the value of a waste is always negative since even its handling by the owner requires
some cost. However, what is a waste for one may become a valuable material for
another to an extent that this value is paid to the primary owner. For example: in some
instances sawdust and wood shavings which serve no purpose at a timber factory,
when no space heating or wood drying is required, are disposed of at the factory by
means of incineration. In other instances they are sold to fuel briquette manufacturers
(Siemons, 2002).

A large number of countries are involved in a process of transformation with regard
to the management of municipal solid waste. This process is a consequence of envi-
ronmental requirements that occasionally materialize in legislation, such as the
European Council Directive 31/99/EC on waste release in the EU. In some cases, the
remediation of old landfills can be carried out in compliance with environmental
requirements; in other cases, it is necessary to proceed with the closure of the landfill
and to assimilate it into its own environment. A diagnosis tool implies the Environmental
Risk Index (ERI) which aims to gage the potential for the environmental impact for
each observed parameter, reflecting whether or not interaction exists between the
processes in the release point and the characteristics of the environment. Environmental
Risk Index depends not only on probability but also on the environmental value of the
parameter considered. The aim of this concept is to identify and quantify the environ-
mental aspect of each parameter in the landfill environment, taking as a starting point
the relationship between the landfill’s environmental and/or social and political char-
acteristics and the emissions in the release point. A representative example is the land-
fill contamination of surface water and groundwater. The most crucial parameters
regarding cross-contamination are the following: landfill compaction, waste and
organic matter types, age, cover material, aquifer characteristics, surface drainage
system, rainfall, landfill lining system, control of leachate, final cover, fault, release-
point location in surface runoff, release-point location in floodwater storage volume
and operationality (Calvo et al., 2005).
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Topics/categories covered under EU legislation

General provisions

The main provisions in the EC Treaty dealing with the protection of the environment
and with sustainable development are introduced. After that, some general remarks
are made. Then, the different treaties that altered the original European Economic
Community (EEC) Treaty into the present European Community (EC) Treaty and the
European Union Treaty provisions dealing with the environment and sustainable
development are discussed (http://www.eel.nl/index.asp). Legislation may be classi-
fied as ‘horizontal” when it relates to general environmental management issues rather
than to specific sectors, products or types of emissions. The three directives in this cat-
egory concern the collection and assessment of information on the environment and on
the wide range of human activities which have impact on the environment. The infor-
mation may be in the form of an environmental impact assessment of proposed devel-
opments, public access to information about the environment, or the requirements and
procedures for reporting on the implementation of environmental directives. Accurate
information about the environment and the effects of human activities is of the utmost
importance since it is the basis for the development, implementation, monitoring and
enforcement of environmental protection regulations and policies. It is also the basis
for public participation in environmental decision-making and hence for stronger
democratic institutions. The Directive on Access to Environmental Information seeks
to grant the public access to information on the environment which is held by public
authorities or government controlled bodies with public responsibility for the environ-
ment. The Environmental Impact Assessment Directive requires that, before govern-
mental approval can be granted, a number of development projects must be subject to
a process in which potential environmental effects are assessed. The Directive report-
ing on implementation of environmental directives harmonizes and seeks to improve
upon the Member States’ reporting to the Commission (http://europa.eu.int/
comm/environment/guide/part2a.htm).

Action programs - general provisions

The communication from the Commission to the Council, the European Parliament,
the Economic and Social Committee and the Committee of the Regions of 24 January
2001 on the Sixth Environment Action Program of the European Community
‘Environment 2010: Our future, our choice’ (COM(2001) 31 final — not published
in the Official Journal) makes it clear that meeting the challenges of today’s environ-
mental problems means looking beyond a strictly legislative approach and taking a
strategic approach, using a whole range of instruments and measures to influence
decisions made by business, consumers, policy planners and citizens. It proposes five
priority avenues of strategic action: ensuring the implementation of existing legisla-
tion; integrating environmental concerns into other policies; working closer with
the market; empowering people as private citizens and helping them to change behav-
ior; and taking account of the environment in land-use planning and management
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decisions. To improve the implementation of legislation, the following specific actions
are outlined:

1 support for the IMPEL network and its extension to the candidate countries

2 reporting on the implementation of environmental law

3 a ‘name, shame and fame’ strategy on the implementation of environmental law
4 the improvement of environmental standards of inspection

5 initiatives to combat environmental crimes

6 pursuing action in the European Court to ensure implementation.

The objective of the Decision No 2179/98/EC (entry into force 10/10/1998) is to trans-
form patterns of growth in the Community in such a way as to promote sustainable
development. The program continues to tackle environmental problems (such as cli-
mate change, aquatic pollution and waste management), but also aims at establishing
new relations among the participants in the environmental sector. The program sets out
a new approach to Community environment policy based on the following principles:

1 the adoption of a global, proactive approach aimed at the different actors and activ-
ities which affect natural resources or pollute the environment

2 the will to change current trends and practices which harm the environment for cur-
rent and future generations

3 encouraging changes in social behavior by engaging all the actors concerned (pub-
lic authorities, citizens, consumers, enterprises, etc.)

4 establishing the concept of shared responsibility

5 using new environmental instruments.

The Community is limiting its action to the following priority areas:

long-term management of natural resources: soil, water, countryside and coasts

an integrated approach to combating pollution and acting to prevent waste

reducing the consumption of energy from non-renewable sources

improving the management of mobility by developing efficient and clean modes of

transport

5 drawing up a coherent package of measures to improve the quality of the urban
environment

6 improving health and safety, in particular in relation to the management of indus-

trial hazards, nuclear safety and radiation protection.
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A summary of the EU Communications and Decisions related to action programs —
general provisions is given in Table 4.1.

Principles of the environmental policy — general provisions
The Proposal for a Directive of the European Parliament and of the Council of 23
January 2002 on environmental liability with regard to the prevention and remedying
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Table 4.1 EU Communication and Decision (main points and comments) related to action programs - general provisions

Directive

COM(2001) 31 final
Not published in the
Official Journal

Decision No 2179/98/EC
(entry into force 10/10/
1998)

Title Main points

Communication from the Commission to ® Specific actions are outlined to improve the

the Council, the European Parliament, implementation of legislation

the Economic and Social Committee ® Focus on four priority areas for action: climate

and the Committee of the Regions of change, biodiversity, environment and health and

24 January 2001 on the Sixth Environment sustainable management of resources and wastes

Action Program of the European Community ~ ® Integration of environmental concerns into all

‘Environment 2010: Our future, our choice’ aspects of the European Union’s external
relations

The review of the European Community ® Treaty establishing the European Community

program of policy and action in relation to explicitly provides for the development and

the environment and sustainable implementation of a Community policy on the

development ‘Towards sustainability’ environment

® To transform patterns of growth in the
Community in such a way as to promote
sustainable development

® Sets out a new approach to Community
environment policy based on five principles

® Underlines the importance of Community
intervention in selected target sectors

Adapted from Arvanitoyannis et al., 2006a

of environmental damage is formulated in COM(2002) 17 final — Official Journal C
151 E of 25/6/2002. The principle, according to which the polluter should pay when
environmental damage occurs (the ‘polluter pays’ principle), is set out in the Treaty
establishing the European Community. This principle acts as a deterrent against the
violation of environmental standards and thereby contributes to meeting the objec-
tives and implementing EU policy in this area. The aim of the White Paper on envi-
ronment liability, published in February 2000, was to examine how to implement the
‘polluter pays’ principle in order to carry out the EU’s environmental policy. Under
this proposal, environmental damage means damage caused to the aquatic environ-
ment covered by Community legislation on water management, species and habitats
protected under Community legislation on nature conservation, areas protected under
national or regional legislation on nature conservation and health risks resulting from
soil contamination. Where there is an imminent threat of environmental damage, the
competent authority designated by each Member State will require the operator (the
potential polluter) to take the necessary preventive measures, or will take such meas-
ures itself and recover the costs incurred at a later date.

Communication from the Commission of 2 February 2000 on the precautionary
principle has been recognized in various international agreements, notably in the
Sanitary and Phytosanitary Agreement (SPS) concluded in the framework of the
World Trade Organization (WTO). A clear definition as to how the Community intends
to use the precautionary principle with a view to ensuring an appropriate level of envi-
ronmental and health protection can contribute to the discussions already launched in
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Table 4.2 EU Proposal for a Directive and Communication (main points and comments) focused on principles of the

environmental policy - general provisions

Directive Title Main points
COM(2002) 17 final Proposal for a Directive of the ® The polluter should pay when environmental damage
Official Journal C 151 E European Parliament and of the occurs (the ‘polluter pays’ principle) is set out in the
of 25/6/2002 Council of 23 January 2002 on Treaty establishing the European Community
environmental liability with regard ® Prevention and remedying of environmental damage
to the prevention and remedying ® Cost recovery
of environmental damage ® legal and natural persons likely to be adversely affected

by environmental damage may require the competent
authority to take action against the damage

® Member States report to the Commission on the
application of this Directive within five years after its entry
into force

Communication from The precautionary principle
the Commission of
2 February 2000

One explicit reference to the precautionary principle
Factors triggering use of the precautionary principle
Measures resulting from precautionary principle
Precautionary principle should be informed by three
specific principles

® Apart from the rules for drugs, pesticides or food
additives, EU legislation does not prescribe a prior
authorization system for placing products on the market

Adapted from Arvanitoyannis et al., 2006a

these international arenas. The precautionary principle should be informed by three
specific principles:

1 implementation of the principle should be based on the fullest possible scientific
evaluation. As far as possible this evaluation should determine the degree of scien-
tific uncertainty at each stage

2 any decision to act or not to act pursuant to the precautionary principle must be
preceded by a risk evaluation and an evaluation of the potential consequences of
inaction

3 once the results of the scientific evaluation and/or the risk evaluation are available,
all the interested parties must be given the opportunity to study of the various
options available, while ensuring the greatest possible transparency.

All EU Proposals for a Directive and Communication focused on principles of the
environmental policy — general provisions are given in Table 4.2.

Environmental instruments — general provisions

Following the EU Directive 2001/42/EC (entry into force 21/7/2001), the target is to
provide a high level of protection of the environment and to contribute to the integra-
tion of environmental considerations into the preparation and adoption of plans and
programs with a view to promoting sustainable development, by ensuring that an
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environmental assessment is carried out of certain plans and programs which are likely
to have significant effects on the environment. Member States shall ensure that, when
a plan or program is adopted, the authorities referred to in the Directive, the public and
any Member State are informed and the following items are made available to those
so informed:

1 the plan or program as adopted

2 a statement summarizing how environmental considerations have been integrated
into the plan or program and how the environmental report was prepared, the opin-
ions expressed and the results of consultations entered into pursuant to the Directive
have been taken into account and the reasons for choosing the plan or program as
adopted, in the light of the other reasonable alternatives dealt with

3 the measures decided concerning monitoring.

According to Regulation (EC) No 1210/1990 (entry into force 30/10/1993), the
European Environment Agency aims at the setting-up and establishment of a European
environment information and observation network. The principal areas of activity of
the Agency shall, as far as possible, include all elements enabling it to gather the
information making it possible to describe the present and foreseeable state of the
environment from the following points of view:

1 the quality of the environment
2 the pressures on the environment
3 the sensitivity of the environment.

The Agency shall furnish information which can be directly used in the implementa-
tion of Community environmental policy. Priority will be given to the following areas
of work:

air quality and atmospheric emissions

water quality, pollutants and water resources

the state of the soil, the fauna and flora and the biotopes

land use and natural resources

waste management

noise emissions

chemical substances which are hazardous for the environment
coastal protection.

O NO Ol &~ WN P

In particular, transfrontier, plurinational and global phenomena shall be covered. The
socio-economic dimension shall also be taken into account.

In Regulation (EC) No 1655/2000 (entry into force 31/7/2000), the general objective
of LIFE shall be to contribute to the implementation, updating and development of
Community environment policy and environmental legislation, in particular as regards
the integration of the environment into other policies and to sustainable development
in the Community. LIFE shall consist of the three thematic components: LIFE-nature,
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LIFE-environment and LIFE-third countries. The projects financed by LIFE shall meet
the following general criteria:

1 be of Community interest by making a significant contribution to the general
objective

2 be carried out by technically and financially sound participants

3 be feasible in terms of technical proposals, timetable, budget and value for money.

The rate of Community financial support shall be a maximum of 30% of the eligible
cost of the project for projects generating substantial net revenue. The rate of Community
financial support to all other applicants shall be a maximum of 50% of the eligible
cost of the project. The rate of Community financial support for the accompanying
measures shall be a maximum of 100% of their cost.

Another Regulation, (EC) No 1980/2000 (entry into force 24/9/2000), claimed that
the objective of the Community eco-label award scheme (hereafter referred to as the
Scheme) was to promote products which had the potential to reduce negative environ-
mental impacts, as compared with the other products in the same product group, thus
contributing to the efficient use of resources and a high level of environmental protec-
tion. This objective shall be pursued through the provision of guidance and accurate,
non-deceptive and scientifically based information to consumers on such products.
The environmental impacts shall be identified on the basis of examination of the inter-
actions of products with the environment, including the use of energy and natural
resources, during the life cycle of the product. In order to be included in this Scheme,
a product group must meet the following conditions:

1 it shall represent a significant volume of sales and trade in the internal market

2 itshall involve, at one or more stages of the product’s life, a significant environmen-
tal impact on a global or regional scale and/or of a general nature

3 it shall present a significant potential for effecting environmental improvements
through consumer choice as well as an incentive to manufacturers or service providers
to seek a competitive advantage by offering products which qualify for the eco-label

4 asignificant part of its sales volume shall be sold for final consumption or use.

According to Regulation (EEC) No 761/2001 (entry into force 27/4/2001), the objec-
tive of EMAS was to promote continual improvements in the environmental perform-
ance of organizations by:

1 the establishment and implementation of environmental management systems by
organizations

2 the systematic, objective and periodic evaluation of the performance of such systems

3 the provision of information on environmental performance and an open dialogue
with the public and other interested parties

4 the active involvement of employees in the organization and appropriate initial and
advanced training that makes active participation in the tasks referred to under (1)
possible.
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In order for an organization to maintain registration to EMAS it shall:

1 have the environmental management system and audit program
2 forward the yearly necessary validated updates of its environmental statement to
the competent body and make them publicly available.

In the Green Paper of 7 February 2001 on integrated product policy (COM (2001) 68
final — not published in the Official Journal), the proposed strategy called for the
involvement of all the parties concerned at all possible levels of action and through-
out the life cycle of the products. Eco-design must be promoted by the manufacturers
S0 as to ensure that the products on the market are more environmentally friendly.
Distributors should put green products on the shelves and should inform consumers
of their existence and benefits. Consumers should preferably choose green products
and use them in such a way as to prolong their shelf-life and reduce their impact on
the environment. This Green Paper considers the process of educating consumers
(including children) and companies as an important way of promoting demand for
more environmentally friendly products, thereby working for greener consumption.
Public funding of this kind of eco-labeling should be increased, both at European and
at national level. The fact that public procurement contracts represent 12% of the
European Union’s GDP will serve as a potential encouragement to manufacturers to
increase the production of green products if such contracts focus on the purchase of
environmentally friendly products. With a view to extending eco-design across a
broader range of products, steps must be taken to produce and publish information on
the environmental impact of products throughout their life cycle. Life Cycle
Inventories (LClIs) and Life Cycle Analyses (LCAS) are effective instruments to this
end. The Green Paper notes that eco-design guidelines and a general strategy for inte-
grating the environment in the design process could be used as instruments for the
promotion of the life cycle concept within companies.

The Communication from the Commission to the European Parliament, the Council,
the Economic and Social Committee and the Committee of the Regions of 17 July
2002 on Environmental Agreements at Community Level within the Framework of
the Action Plan on the ‘Simplification and Improvement of the Regulatory Environment’
(COM(2002) 412 final — not published in the Official Journal) was a form of self-
regulation as they are not binding at Community level. However, the Commission can
encourage them, recognize them (this applies to self-regulation) or propose that the
legislature make use of them (this applies to co-regulation). While self-regulation
(agreement among social partners) does not involve the adoption of a legislative
instrument, the Commission can nevertheless decide to introduce an evaluation sys-
tem. Environmental agreements should comply with:

1 the provisions of the Community Treaties (in particular the rules on competition,
the internal market and State aid for the environment) and all international commit-
ments of the Union

2 the inter-institutional balance between the Commission, Council and Parliament
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3 the obligations concerning multilateral trade laid down by the World Trade
Organization. The agreements should provide for the participation of operators
from third countries

4 the provisions of the Aarhus Convention

5 national and Community judicial control.

The Report of 23 June 2003 from the Commission to the European Parliament and to
the Council referred to the application and effectiveness of the EIA Directive (Directive
85/337/EC as amended by Directive 97/11/EC). The question was ‘How successful
are the Member States in implementing the EIA Directive?’ (COM(2003) 334 final —
not published in the Official Journal) revealed that the main problem lies in the way
the Directive is applied and not, generally speaking, in the transposition of its legal
requirements. To improve the way the Directive was being applied, the Commission
invites the Member States to:

1 remedy shortcomings in their national and regional legislation on environmental
impact assessment

2 introduce records to provide annual information on the number and type of projects
which have undergone EIA

3 make sure that systems with fixed mandatory thresholds (in relation to screening)
are so designed as to ensure that all projects that might have significant effects are
subject to an appropriate screening process

4 make more widespread use of the guidelines on environmental impact assessment
and on screening, scoping (i.e. identifying the items on which an environmental
impact statement is to focus), review and cumulative impacts

5 introduce formal provisions for the review of the environmental information sup-
plied by developers

6 organize training for their regional and local authorities to improve their under-
standing of the EIA Directive

7 make more use of the guidance provided by the United Nations Economic
Commission for Europe (UN/ECE) in relation to environmental impact assessment.

In order to check the correct implementation of Community law in the Member
States, the Commission acts at different stages: first it checks that Member States
transpose the Directives in their legal systems within the deadlines set. Then it checks
the conformity of the Member States’ legislation with the Directives and the applica-
tion of the latter. To assess the correct application in Member States, the Commission
bases its deliberations on reports from Member States on the application of the
Directives, any complaints revealing specific situations of potential breach of EC Law;
and facts raised through written questions and petitions brought to the Commission’s
attention by the European Parliament. Approximately 50% of the Member States
explicitly state that the guidelines of the Commission are used.

The European environment and health strategy of 11 June 2003 (COM(2003) 338
final — not published in the Official Journal) is to integrate the information on the state
of the environment, the ecosystem and human health. The ultimate objective is to
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establish a framework towards a better understanding of the cause-and-effect relation-
ships between the environment and health and to make available the information
needed to develop an integrated Community policy. The plan is to implement the
strategy incrementally in successive cycles. The first cycle, from 2004 to 2010, will
focus on the link between environmental factors and:

1 childhood respiratory diseases, asthma and allergies

2 neurodevelopmental disorders

3 childhood cancer

4 disruption of the endocrine system (glands which secrete hormones).

In the first cycle, three pilot projects will be launched to develop a method for putting
in place a European system for integrated environment and health monitoring. The
possibility of developing a harmonized European bio-monitoring system for children
will also be considered during the first cycle. Several Member States and some
Acceding Countries have set up ‘environment and health’ bio-monitoring campaigns
and related initiatives to explore environmental factors that influence human health.

The Proposal for a Regulation of the European Parliament and of the Council con-
cerning the establishment of a European pollutant release and transfer register
(COM(2004) 634 final — not published in the Official Journal) is for a pollutant release
and transfer register (PRTR) to be created at European Union (EU) level in the form
of a publicly accessible electronic database. This database will meet the requirements
of the United Nations Economic Commission for Europe (UN-ECE) Protocol on
Pollutant Release and Transfer Registers, signed by the Community in May 2003. The
public should be able to access this register free of charge on the Internet and will be
able to find information using various search criteria (type of pollutant, geographical
location, affected environment, source facility, etc.). The register will contain infor-
mation on releases of pollutants to air, water and land, as well as transfers of waste and
pollutants, where emissions exceed certain threshold values and result from specific
activities. The register will also cover releases of pollutants from diffuse sources (such
as transport). Information gathered at national level by Member States and reported to
the Commission will be fed into the database on a regular basis.

The Decision No 466/2002/EC (entry into force 17/3/2002) makes clear the introduc-
tion of a Community action program promoting non-governmental organizations
(NGOs) primarily active in the field of environmental protection. The general objective
of this program shall be to promote NGOs which are primarily active in the field of envi-
ronmental protection and enhancement at a European level. Such activities should
involve contributing, or being able to contribute, to the development and implementa-
tion of Community environmental policy and legislation in different regions of Europe.
The program shall be open to the participation of European NGOs established in either:

1 the Member States

2 the Associated Countries (6) in accordance with the conditions established in the
respective Europe Agreements, in the additional protocols thereto and in the deci-
sions of the respective Association Councils
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3 Cyprus, Malta or Turkey in accordance with conditions and procedures to be agreed
with those countries

4 the Balkan countries forming part of the Stabilization and Association process for
countries of South-Eastern Europe (7) in accordance with conditions and proce-
dures to be agreed with those countries.

The Decision 2004/210/EC (entry into force 3/3/2004) specifies Scientific Committee
advisory structure and fields of competence. The following Scientific Committees are
hereby established:

1 the Scientific Committee on Consumer Products (hereinafter SCCP)

2 the Scientific Committee on Health and Environmental Risks (hereinafter SCHER)

3 the Scientific Committee on Emerging and Newly Identified Health Risks (here-
inafter SCENIHR).

The Commission shall request a scientific opinion from the Scientific Committees in
the cases laid down by Community law. The Commission may also request an opinion
from the Committees on questions of particular relevance to consumer safety, public
health and the environment and not falling within the mandate of other Community
bodies. The SCCP and the SCHER shall each consist of a maximum of 19 members.
They shall be appointed on the basis of their expertise and, consistent with this, a geo-
graphical distribution that reflects the diversity of scientific problems and approaches
in the Community. The Commission shall determine the number of members in each
committee in accordance with the requisite needs. The SCENIHR shall be composed
of 13 members.

The Commission Communication of 26 March 1997, on environmental taxes
and charges in the Single Market, includes the broadening of the range of environ-
mental policy instruments as one of its key priorities. On several occasions, the
Commission has been invited to explore the potential of new measures, in particular
of a fiscal nature. Environmental taxes and charges can be a way of implementing the
“‘polluter pays’ principle by inducing consumers and producers to adopt more environ-
mentally compatible behavior. The Commission defines taxes and charges as
covering all compulsory unrequited payments, whether the revenue accrues directly
to the Government budget or is destined for particular purposes (e.g. earmarking).
The word ‘levy’ is used to cover taxes and charges. A levy is considered as environ-
mental if the taxable base of the levy has a negative effect on the environment. There
are two categories of environmental levies: those charged on pollutant emissions
(taxes on water pollution and on noise emissions in the field of aviation) and those
charged on products (taxes on pesticides, excise on gasoline . . .). The Commission’s
strategy is as follows:

1 to collect Member States’ experiences of environmental taxation

2 to analyze the economic and environmental effects of existing levies and

3 to monitor the effects of the levies on the Single Market and the competitiveness of
European industry.
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Following the Commission communication ‘Community guidelines on state aid for
environmental protection” (Official Journal C 37 of 3/2/2001), the guidelines apply to
aid to protect the environment in all sectors governed by the EC Treaty, including those
subject to specific Community rules on state aid (steel processing, shipbuilding, motor
vehicles, synthetic fibers, transport and fisheries), but excluding state aid for research
and development, training aid and the area covered by the guidelines for state aid in the
agricultural sector. However, the guidelines do apply to the fisheries and aquaculture
sector. The guidelines recognize three main types of environmental aid, namely:

1 operating aid to promote waste management and energy saving: firms should nor-
mally bear the costs of treating industrial waste in accordance with the “polluter-
pays’ principle. All such operating aid is subject to a limited duration of five years
where the aid is ‘degressive’. Its intensity may amount to 100% of the extra costs
in the first year but must have fallen in a linear fashion to zero by the end of the fifth
year. For instance, the Commission considers that operating aid may be justified for
the combined production of electric power and heat where the costs of producing
electric power or heat exceed market prices

2 aid for small and medium-sized enterprises (SMEs) for advisory/consultancy serv-
ices in the environmental field

3 investment aid: the investments concerned are investments in land which are
strictly necessary in order to meet environmental objectives, investments in
buildings, plant and equipment intended to reduce or eliminate pollution and nui-
sances and investments to adapt production methods with a view to protecting the
environment.

The recommendation of the European Parliament and of the Council of 4 April 2001
provided the minimum criteria for environmental inspections in the Member States.
By putting forward such criteria regarding the organization, performance, follow-up
and publicizing of environmental inspections, this recommendation aims at meeting
this requirement. The recommendation covers environmental inspections of all indus-
trial installations, enterprises and facilities subject to authorization, permit or licenc-
ing requirements under current Community environmental legislation (‘controlled
installations’). Inspection entails the following checking that installations comply
with Community environmental requirements and monitoring the impact of installa-
tions on the environment. These inspections:

1 will have to respect a number of minimum criteria (compliance with Community
legal requirements, risk analysis based on an integrated approach)

2 will have to be mandatory in specific cases (enquiries carried out following envi-
ronmental complaints, enquiries into accidents, incidents or infringement cases;
examinations prior to the granting of authorization for a controlled activity or for
the renewal of such authorization)

3 will have to be recorded in the form of reports and made available to the public.

The titles, main points and comments of the EU Directive, Regulations, Communication
and Decisions dealing with environmental instruments — general provisions are sum-
marized in Table 4.3.
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Table 4.3 EU Directive, Regulations, Communication and Decisions (main points and comments) dealing with environmental

instruments - general provisions

Directive

EU 2001/42/EC
(entry into force
21/7/2001)

Regulation (EC)
No 1210/1990
(entry into force
30/10/1993)

Regulation (EC)
No 1655/2000
(entry into force
31/7/2000)

Regulation (EC)
No 1980/2000
(entry into force
24/9/2000)

Regulation (EEC)
No 761/2001
(entry into force
27/4/2001)

Title

Assessment of the effects
of certain plans and
programs on the
environment

Establishment of the
European Environment
Agency and the European
environment information
and observation network

Concerning the Financial
Instrument for the
Environment (LIFE)

A revised Community
eco-label award scheme

Allowing voluntary
participation by
organizations in a
Community eco-
management and audit
scheme (EMAS)

Main points

Directive applied to plans and programs liable to
have significant effects on the environment which
are prepared and/or adopted by a competent
authority or prepared by a competent authority
for adoption by means of a legislative procedure
Report must include a non-technical summary

of this information

When a plan or program is adopted, the Member
State responsible will inform all of the parties
concerned which have been consulted

Regulation establishing the European
Environment Agency (EEA), an independent

body whose objective is to protect and improve
the environment in accordance with the provisions
of the Treaty and Community environment

action programs

Agency may cooperate in the exchange of
information with other bodies, including the
IMPEL network (Implementation and
Enforcement of Environmental Law)

LIFE cofinances environmental activities in the
Community and in certain non-Community
countries

Projects financed by LIFE must meet three general
criteria

LIFE consists of three thematic components:
LIFE-Nature, LIFE-Environment and LIFE-third
countries

Eco-label awarded to products available in the
Community which meet certain environmental
requirements and specific eco-label criteria
Applications for award of an eco-label are subject
to payment of a fee

Any product to which the eco-label is awarded is
recognizable by the ‘daisy’ logo

Commission and Member States must promote
the use of the eco-label by means of awareness-
raising actions and information campaigns

Objective of the new Community eco-management

and audit scheme (EMAS) is to promote
improvements in the environmental performance
of organizations in all sectors

Competent bodies may suspend or delete an
organization or refuse its registration where the
latter fails to meet the requirements of this
Regulation

Register of environmental verifiers and of
organizations registered with EMAS kept by the
Commission and made available to the public

Comments

Amendment

> Regulation (EC) No
933/1999 (entry
into force 5/5/1999)

> Regulation (EC)
No 1641/2003
(entry into force
1/10/2003)

> Additional elements
for the articles

Amendment

> Regulation (EC)
No 1682/2004
(entry into force
8/10/2004)

> Replacement in the
Articles

Repeal

> Regulation (EEC)
No 1973/92

(Continued)
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Table 4.3

(Continued)

Directive

COM(2001)
68 final

Not published
in the Official
Journal

COM(2002)
412 final

Not published
in the Official
Journal

COM(2003)
334 final

Not published
in the Official
Journal

COM(2003)

338 final

Not published in
the Official Journal

Title

Green Paper of 7
February 2001 on
integrated product policy

Communication from

the Commission to the
European Parliament,

the Council, the Economic
and Social Committee
and the Committee of the
Regions of 17 July 2002
on Environmental
Agreements at Community
Level within the
Framework of the

Action Plan on the
‘Simplification and
Improvement of the
Regulatory Environment’

Report of 23 June 2003
from the Commission to
the European Parliament
and to the Council on
the application and
effectiveness of the EIA
Directive. How successful
are the Member States in
implementing the EIA
Directive?

European environment
and health strategy of
11 June 2003

Main points

Comments

Regulation commits the Member States to
encourage the participation of small and
medium-sized undertakings in the eco-
management and audit scheme

All products and services fall within the scope
of this Green Paper

Fixing prices of products

Green Paper sees the process of educating
consumers (including children) and companies
as an important way of promoting demand for
more environmentally friendly products, thereby
making for greener consumption

Green Paper notes that eco-design guidelines
and a general strategy for integrating the
environment in the design process could be
used as instruments for the promotion of the
life cycle concept within companies
Eco-management and environmental audit
schemes, such as the EMAS systems, are
important instruments in the quest to ascertain
and control the effects of products on the
environment

All environmental agreements covered by the
Communication contribute to achieving the
objectives of Union policy on the environment
Environmental agreements are a form of self-
regulation as they are not binding at Community
level

Environmental agreements should comply with
many provisions

Procedure for adoption of environmental
agreements when they are used as instruments
for self-regulation

Main problem lies in the way the Directive
is applied

Several aspects of the Directive’s application
need to be improved and strengthened

Integrate the information on the state of the
environment, the ecosystem and human health
Implement the strategy incrementally in
successive cycles

(Continued)
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Table 4.3 (Continued)

Directive

COM(2004)
634 final

Not published
in the Official
Journal

Decision No
466/2002/EC
(entry into force
17/3/2002)

Decision
2004/210/EC
(entry into force
3/3/2004)

Commission
Communication
of 26 March 1997

Title

Proposal for a Regulation
of the European
Parliament and of the
Council concerning the
establishment of a
European pollutant
release and transfer
register

Laying down a
Community action
program promoting
non-governmental
organizations primarily
active in the field of
environmental protection

Setting up Scientific
Committees in the field
of consumer safety,
public health and the

environment

Environmental taxes and
charges in the Single
Market

Main points

Comments

Strategy will pave the way for a Community
information system for assessing the overall
impact of the environment on human health and
the cause-and-effect links

Register will contain information on releases of
pollutants to air, water and land, as well as
transfers of waste and pollutants

How the PRTR will work

Information gathered at national level by
Member States and reported to the Commission
will be fed into the database on a regular

basis

The public will have the opportunity to be
involved in further developing the register and
preparing amendments

To promote activities of NGOs which are
primarily active in protecting the environment
and contribute to the development and
implementation of Community environmental
policy in all the regions of Europe

Cover NGOs with five characteristics

Grants to NGOs of member countries will not
exceed 70% of the average annual eligible
expenses of the organization during the
preceding two years

Mechanisms for verification and evaluation of
the results of NGOs benefiting under the
program have been provided for

Program covered the period from 1 January 2002
to 31 December 2006 and its budget amounts to
EUR 32 million

Decision sets up three advisory Scientific
Committees: the Scientific Committee on
Consumer Products, the Scientific Committee
on Health and Environmental Risks and the

Repeals
> Decision 97/404/EC
> Decision 97/579/EC

Scientific Committee on Emerging and Newly
Identified Health Risks

Fields of competence

Members of the three Committees are appointed
on the basis of their skills and experience in the
field(s) in question and, consistent with this,

a geographical distribution that reflects the
diversity of scientific problems and approaches
in the EU

Provision of a number of economic, technical or
fiscal instruments

Environmental taxes and charges can be a way
of implementing the ‘polluter pays’

Word ‘levy’ is used to cover taxes and charges
Two categories of environmental levies

(Continued)
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Table 4.3 (Continued)

Directive Title Main points Comments
Commission Community guidelines ® Guidelines apply to aid to protect the

communication on state aid for environment in all sectors governed by the EC

Official Journal environmental protection Treaty, including those subject to specific

C 37 of Community rules on state aid but excluding

03.02.2001 state aid for research and development, training

aid and the area covered by the guidelines for
state aid in the agricultural sector

® Guidelines recognize three main types of
environmental aid

® Different types of investment aid (aid to help
SMEs, energy saving, etc.)

Recommendation  Providing for minimum ® Covers environmental inspections of all industrial
of the European criteria for environmental installations, enterprises and facilities subject to
Parliament and of  inspections in the authorization, permit or licensing requirements
the Council of Member States under current Community environmental

4 April 2001 legislation

® lays down a general obligation on Member States

® Environmental inspections will require the
inspection authorities to regularly carry out
inspections in the field

Adapted from Arvanitoyannis et al., 2006a

Application and control of Community Environmental Law - General provisions
According to EU Directive 90/313/EC (entry into force 15/6/1990), freedom of
access to, and dissemination of, information on the environment held by public
authorities should be ensured and set out the basic terms and conditions on which
such information should be made available. Member States shall ensure that public
authorities are required to make available information relating to the environment to
any natural or legal person at his request and without his having to prove an interest.
Member States shall define the practical arrangements under which such information
is effectively made available. Member States may provide for a request for such infor-
mation to be refused where it affects:

1 the confidentiality of the proceedings of public authorities, international relations
and national defense

2 public security

3 matters which are, or have been, under enquiry (including disciplinary enquiries),
or which are the subject of preliminary investigation proceedings

4 commercial and industrial confidentiality, including intellectual property

5 the confidentiality of personal data and/or files

6 material supplied by a third party without that party being under a legal obligation
to do so

7 material, the disclosure of which would make it more likely that the environment to
which such material related would be damaged.
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The aim of this Proposal for a Directive of the European Parliament and of the Council
on the protection of the environment through criminal law (COM(2001) 139 final —
Official Journal C 180 E of 26/6/2001) is to lay down minimum environmental protection
standards. The Member States will have to ensure that any act committed intentionally or
out of serious negligence, which breaches the Community rules protecting the environ-
ment is treated as a criminal offence. An exhaustive list of the relevant Community legis-
lation is attached to the proposal and includes provisions on the following:

1 the unauthorized discharge of hydrocarbons, waste oils or sewage sludge into water
and the emission of a certain quantity of materials into the air, soil or water

2 the treatment, transport, storage and elimination of hazardous waste

3 the discharge of waste on or into land or into water, including the improper opera-
tion of a landfill site

4 the possession and taking of, or trading in protected wild fauna and flora species

5 the deterioration of a protected habitat

6 trade in ozone-depleting substances.

The Proposal for a Regulation of the European Parliament and of the Council of 24
October 2003 on the application of the provisions of the Arhus Convention on Access
to Information, Public Participation in Decision-making and Access to Justice in
Environmental Matters to EC institutions and bodies (COM(2003) 662 final — not
published in the Official Journal) contains the provisions required for applying the
Arhus Convention to Community institutions and bodies. They:

1 guarantee access for the public (one or more natural or legal persons, and associa-
tions, organizations or groups of such persons) to environmental information held
by Community institutions and bodies

2 make environmental information available to the public

3 allow public participation in the preparation by the Community of plans and pro-
grams relating to the environment

4 guarantee public access to justice at Community level in environmental matters.

These databases or registers should include:

1 reports on the implementation of Treaties, international Conventions or agree-
ments, Community legislation to the environment

reports on the state of the environment

data derived from the monitoring of activities affecting the environment
authorizations affecting the environment

environmental impact studies and risk assessments.

g~ wnN

Community institutions and bodies must provide for public participation in the prepa-
ration of environmental plans and programs.

Following Decision 2003/80/JHA (entry into force 5/2/2003), the Council, concerned
by environmental offences, wishes to protect the environment under criminal law, to
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step up exchanges of information between Member States and to establish effective
cooperation between national authorities. Serious environmental crime is defined as
acts which cause, or risk causing pollution of air, water, soil or subsoil and storage or
disposal of waste or similar substances. The fact that the act cannot be considered part
of the normal, everyday operation of a lawful activity, that the offence is major in
scale or that financial gain was obtained or sought are all aggravating circumstances.
Anyone convicted of serious environmental crime will be precluded or disqualified
from engaging in an activity requiring official authorization where there is a risk that
the situation might be abused. Powers and methods of inquiry are available whereby
national authorities can investigate and prosecute offences committed:

1 on their territory, including on vessels registered in the Member State concerned

2 by natural persons who are nationals of or permanently resident in the Member
State concerned

3 by legal persons based on their territory.

In Decision 2005/370/EC (entry into force 17/5/2005), the UN/ECE Convention on
access to information, public participation in decision-making and access to justice in
environmental matters, (Arhus Convention) was hereby approved on behalf of the
Community. The European Community declares that, in accordance with the Treaty
establishing the European Community, it is competent for entering into international
agreements and for implementing the obligations resulting therefrom, which con-
tribute to the pursuit of the following objectives:

1 preserving, protecting and improving the quality of the environment

2 protecting human health

3 prudent and rational utilization of natural resources

4 promoting measures at international level to deal with regional or worldwide envi-
ronmental problems.

Finally, the Community reiterates its declaration made upon signing the Convention
that the Community institutions will apply the Convention within the framework of
their existing and future rules on access to documents and other relevant rules of
Community law in the field covered by the Convention.

The Commission staff working paper of 27 April 1999, entitled ‘First Annual Survey
on the implementation and enforcement of Community environmental law’ (October
1996 to December 1997), has identified specific new areas for action which might
assist in the implementation of environmental law. These are inspections by Member
States and access to courts and tribunals. Member States’ inspection tasks: there is a
wide disparity between Member States’ environmental inspection activities. The
Commission and the Council therefore envisaged a role for IMPEL in this context.
The involvement of IMPEL emphasizes the Commission’s intention to involve those
with implementation and enforcement responsibilities in the Member States at an
early stage of the legislative process. Access to courts and tribunals: the 1992 Rio
Declaration on Environment and Development emphasized the importance of access
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to information and to justice in matters concerning the environment. It stated that
Member States should encourage public awareness by making information widely
available and that effective access to justice should be provided.

The Commission working document of 13 July 2000 entitled *Second Annual Study on
the implementation and monitoring of the application of Community environment law’
(from January 1998 to December 1999) presented the follow-up measures carried out
after the 1996 communication on the implementation of Community environment law:

1 the presentation by the Commission on 16 December 1998 of a proposal for a
Council Recommendation providing for minimum criteria for environmental
inspections. The proposal establishes guidelines for the minimum criteria applica-
ble to environmental inspections of industrial installations and other enterprises
and sites of the waste-producing activities.

2 A study on the extra-judicial mechanisms for settling disputes and on access to jus-
tice, essential elements for effective application of Community environment law: this
study has revealed considerable divergences between the Member States with regard
to complaints and enquiries and may serve as a basis for future projects in the area.

3 Promotion of knowledge of Community environment law: this has been done by
means of a program of courses for magistrates and by the launching of a pilot teaching
project in European universities, in particular through the creation of ‘green chairs’.

In the Commission staff working paper of 1 October 2002, referring to the Third
Annual Survey on the implementation and enforcement of Community environmen-
tal law (January 2000 to December 2001) (SEC(2002) 1041 — not published in the
Official Journal), the report gives the following reasons for this increase:

1 the systematic examination by the Commission of the conformity of national
implementing measures notified by Member States

2 the difficulties faced by Member States in respecting Community law due to their
constitutional organization or internal administration

3 the broad scope of Community environmental legislation

absent or inadequate complaint procedures at national level

5 the improved public knowledge of Community environmental legislation and pub-
lic awareness of problems in that field.

I

Air; several directives in the air sector fell due for transposition in 2001. Reasoned
opinions were sent to various Member States due to non-conformity in the air sector.
Water: several cases are under way concerning infringements of the Directives on the
quality required of surface water intended for the abstraction of drinking water. Nature:
infringement proceedings were brought against several Member States in 2001 con-
cerning the birds and habitats Directives. Noise: the Directive on the approximation of
laws of the Member States relating to noise emission in the environment by equipment
for use outdoors was due to be transposed on 3 July 2001. Chemicals and biotechnol-
ogy: the Commission brought several court actions against Member States which
failed to communicate, within the prescribed period, national measures transposing
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directives on chemicals which fell due for transposition in 2001. Waste: infringement
proceedings were opened against eleven Member States in the context of the Directive
on the landfill of waste, which was to be transposed by 16 July 2001. Environment and
industry: the Severo Il Directive was due to be transposed by 3 February 1999.
Radiation protection: in 2001, infringement procedures were under way against many
Member States who had failed to communicate their final transposition measures.

In the Commission staff working paper of 7 June 2003 entitled ‘Fourth Annual
Survey on the implementation and enforcement of Community environmental law —
2002’ (SEC(2003) 804 — not published in the Official Journal) the following topics
were covered:

1 Freedom of access to information: the Commission dealt with two cases of non-
compliance with the freedom of access to information on the environment
2 Environmental impact assessment
3 Air: infringement procedures were opened for non-notification of national meas-
ures implementing various directives on air quality
4 Water
5 Infringement proceedings continued against a number of Member States for fail-
ure to comply with the conservation of wild birds
6 Noise: Italy, Greece and the UK were brought before the Court of Justice because
of non-notification problems connected with the approximation of the laws of the
Member States relating to the noise emission in the environment by equipment for
use outdoors
7 Chemicals and biotechnology
Infringement procedures were opened for incorrect application of waste
9 Environment and industry: on industry, the Court ruled against Spain, Greece and
the UK for failure to adopt the respective laws
10 Radiation protection: the Commission took the UK to Court because of non-sub-
mission of the Euratom Treaty concerning the dismantling of the JASON research
reactor. It also referred Denmark to the Court for failing to give notification of all
its undertaken measures.

oo

In the Commission staff working paper of 27 July 2004: ‘Fifth annual survey on the
implementation and enforcement of Community environmental law 2003’ (SEC(2004)
1025 — not published in the Official Journal), in total, the study revealed 88 cases in
which the Directives on the environment had not been transposed within the time limit
(non-communication), 118 cases in which Directives had been incorrectly transposed
(non-conformity) and 95 cases in which Member States had failed to comply with the
‘secondary’ obligations imposed by the Directives (horizontal bad implementation),
for example through failing to comply with the deadlines for presenting certain plans,
submitting data or designating protected areas. The areas in which most infringement
cases have been opened are air, waste, nature and water.

Some representative points and comments of the EU Directive, Proposals for a
Directive, Decisions and Papers regarding application and control of Community
Environmental Law — general provisions are given in Table 4.4.
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Table 4.4 EU Directive, Proposals for a Directive, Decisions and Papers (main points and comments) for application and

control of Community Environmental Law - general provisions

Directive

EU 90/313/EC
(entry into force
15/6/1990)

COM(2001)
139 final Official
Journal C 180 E
of 26/6/2001

COM(2003) 662
final - Not
published in the
Official Journal

Decision
2003/80/JHA
(entry into force
5/2/2003)

Decision
2005/370/EC
(entry into force
17/5/2005)

Commission
staff working
paper of

27 April 1999
October 1996 to
December 1997

Title

The freedom of access to
information on the
environment

Proposal for a Directive of the
European Parliament and of
the Council on the protection
of the environment through
criminal law

Proposal for a Regulation

of the European Parliament
and of the Council of

24 October 2003 on the
application of the provisions
of the Arhus Convention on
Access to Information, Public
Participation in Decision-
making and Access to Justice
in Environmental Matters to
EC institutions and bodies

The protection of the
environment through
criminal law

The conclusion on behalf

of the European Community
of the Convention on

access to information,
public participation in the
decision-making process
and access to justice in
environmental matters

First annual survey on the
implementation and
enforcement of Community
environmental law

Main points Comments

® Environmental information is a prerequisite for Amendment
stepping up the application and monitoring of > Directive EU
Community environment law 2003/4/EC

® Disparities can create inequality within the (entry into force
Community as regards access to information 14/2/2003)

and/or as regards conditions of competition
Available information relating to the environment
to any natural or legal person at his request and
without his having to prove an interest

® Public access
to environmental
information

Minimum environmental protection standards
Any act committed intentionally or out of serious
negligence

Criminal penalties must be effective,
proportionate and dissuasive

Provisions necessary to apply the Arhus
Convention to Community institutions and bodies
Public participation in the preparation of
environmental plans and programs

Legal action without having to demonstrate the
impairment of a right or a sufficient interest
Regular checks ensure that entities continue to
satisfy these conditions

Council wishes to protect the environment under
criminal law, to step up exchanges of information
between Member States

The fact that the act cannot be considered part of
the normal, everyday operation of a lawful activity
Powers and methods of inquiry are available
whereby national authorities can investigate and
prosecute offenses

Greater public awareness of and involvement in
environmental matters will improve environmental
protection

Rights and duties regarding access to information,
including deadlines for providing information
Public participation in environmental
decision-making

Procedural time-frames must allow for genuine
public participation

Specific new areas for action might assist in the
implementation of environmental law

More information on the implementation of
environmental law and to improve enforcement
Publishing a White Paper on environmental
liability in order to examine and compare
different ways of tackling the issue of
environmental damage

(Continued)



158 Waste Management for the Food Industries

Table 4.4 (Continued)

Directive

Commission
working
document of
13 July 2000
January 1998 to
December 1999

SEC(2002) 1041
Not published
in the Official
Journal

January 2000 to
December 2001

SEC(2003) 804
Not published
in the Official
Journal

SEC(2004) 1025
Not published

in the Official
Journal

Title

Second annual study on
the implementation and
monitoring of the
application of Community
environment law

Third Annual Survey on

the implementation and
enforcement of Community
environmental law

Commission staff working
paper of 7 June 2003.
Fourth annual survey on
the implementation and
enforcement of Community
environmental law - 2002

Commission staff working
paper of 27 July 2004:
‘Fifth annual survey on

the implementation and
enforcement of Community
environmental law 2003’

Adapted from Arvanitoyannis et al., 2006a

Main points

Commission presents the follow-up measures
carried out after the 1996 communication on the
implementation of Community environment law
Other specific environmental actions

Application of Community environmental
directives depends on correct transposition by
the Member States within the set time limits

Report gives five reasons for this increase

Directives about environmental impact assessment,
air, water, nature, noise, chemicals and
biotechnology, waste, environment and industry,
radiation protection

Networks for the application of environmental law
Report looks at how the network is working now,
and lists the IMPEL reports and projects adopted
in 2000 and 2001

Freedom of access to information, environmental
impact assessment, air, water, nature, noise,
chemicals and biotechnology, waste, environment
and industry, radiation protection
Implementation and Enforcement of
Environmental Law (IMPEL) is an informal
network between the environmental authorities

in the Member States and the Commission

Over one third of infringement cases examined

by the European Commission in 2003

505 new complaints of breaches of environmental
legislation, slightly fewer than in 2002

Areas already opened are air, waste, nature

and water

Freedom of access to information, environmental
impact assessment, air, water, nature, noise,
chemicals and biotechnology, waste, environment
and industry, radiation protection

Sustainable development

Sustainable development is about:

1 balanced and equitable economic development

2 high levels of employment, social cohesion and inclusiveness
3 ahigh level of environmental protection and responsible use of natural resources
4 coherent policy making in an open, transparent and accountable political system
5 effective international cooperation to promote sustainable development globally.

Comments

The concept of sustainable development was first given real political momentum in
the United Nations Brundtland Commission report of 1987. The 1992 UN Conference
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on Environment and Development in Rio de Janeiro was a ground-breaking meeting,
adopting the Rio Declaration on environment and development, as well as the Agenda
21 Action Program. Sustainable development is closely linked to Governance, Better
Regulation and Impact Assessment. Indicators to measure progress are also vital. In
June 2001, the European Council at Goteborg discussed a strategy for sustainable
development proposed by the European Commission. This strategy proposed meas-
ures to deal with important threats to our well-being, such as climate change, poverty
and emerging health risks, which had been identified in a consultation paper in March
2001. The EU is also committed to promoting sustainable development at the global
level. A second paper covering our external policies was adopted by the Commission
in February 2002, adding a global dimension to the EU strategy. This was an important
Community input to the World Summit on sustainable development in Johannesburg in
the autumn of 2002. The UN Commission on sustainable development reviewed
progress and promotes implementation of the Johannesburg commitments (http://
europa.eu.int/comm/sunstainable/index_en.htm).

Sustainable development - general framework

Communication from the Commission of 15 May 2001, ‘A Sustainable Europe for a
Better World: A European Union Strategy for Sustainable Development’ (COM(2001)
264 — not published in the Official Journal), stated that the main threats to sustainable
development are:

1 emissions of greenhouse gases from human activity
2 new antibiotic-resistant strains of some diseases

3 poverty and social exclusion

4 low birth rates

5 loss of biodiversity

6 transport congestion.

Tackling these unsustainable trends and achieving the vision offered by sustainable
development requires: urgent action, committed and far-sighted political leadership, a
new approach to policy making, widespread participation and international responsi-
bility. The communication indicates that a review needs to be carried out at each spring
European Council to check on progress with the implementation of the strategy.

Communication from the Commission to the European Parliament, the Council,
the Economic and Social Committee and the Committee of the Regions ‘Towards a
global partnership for sustainable development” (COM(2002) 82 final — not published
in the Official Journal) presents a series of actions to contribute to global sustainable
development. They complement the May 2001 strategy for sustainable development
and cover economic, social, environmental and financial aspects, as well as coherence
of Community policies and governance at all levels. The specific economic activities
set out by the Commission are as follows:

1 within the framework of the World Trade Organization (WTQO), to improve the inte-
gration of developing countries into the world economy
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2 to help developing countries benefit from the global trading system

3 to change the generalized system of preferences (GSP) to take account of sustain-
able development

4 to include sustainable development in the bilateral and regional agreements

5 to reduce the non-transparent use of the international financial system and to regu-
late it more efficiently

6 to encourage European businesses to be socially responsible

7 to promote cooperation between the WTO and international environmental
organizations.

The objective of sustainable management of natural and environmental resources is to
reverse the trend of the loss of environmental resources by 2015, as well as to develop
intermediate objectives in the sectors of water, land and soil, energy and biodiversity.

According to the Communication from the Commission to the Council and the
European Parliament of 23 December 2003 ‘The World Summit on Sustainable
Development one year on: implementing our commitments’ (COM(2003) 829 final —
not published in the Official Journal), the main targets adopted by the international
community at the Johannesburg Summit in September 2002 were:

1 to reduce the proportion of people without access to safe drinking water and basic
sanitation

2 to increase access to energy services, energy efficiency and the use of renewable

energy

to reverse the current trend in natural resource degradation

to reduce biodiversity loss

to minimize the harmful effects of chemicals

to promote sustainable patterns of production and consumption

to promote the implementation of national sustainable development strategies.
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The summary of EU Communications related to sustainable development — general
framework is given in Table 4.5.

Sustainable development - sustainable development instruments

In the Commission report of 13 March 2002, known as “‘environmental technology for
sustainable development’” (COM(2002) 122 final — not published in the Official
Journal), the term “‘environmental technology’ refers to technologies that prevent pol-
lutants being generated during the production process and discharged at the end, new
materials, environmental know-how and new ways of working. In fact, environmental
technology refers to all activities which produce goods and services to measure, pre-
vent, limit or correct environmental damage, as well as problems related to waste, noise
and ecosystems. It includes three types of activity: pollution management, integrated
technologies and products which generate little pollution and resource management.
The report reveals the importance of environmental technology on the European
and world markets. The EU is particularly competitive in the following sectors: the
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Table 4.5 EU Communications (main points and comments) related to sustainable development - general framework

Directive Title Main points

COM(2001) 264 Communication from the Commission of ® Policy framework to deliver sustainable

Not published in the 15 May 2001 ‘A Sustainable Europe for a development

Official Journal Better World: A European Union Strategy ® Policies need to be made more consistent and
for Sustainable Development’ (Commission’s that all of them should give priority to sustainable
proposal to the Gothenburg European Council) development

® Strategy identifies six unsustainable trends

COM(2002) 82 final Communication from the Commission to ® Series of actions to contribute to global

Not published in the European Parliament, the Council, the sustainable development

Official Journal Economic and Social Committee and the ® Strategy for sustainable development and covers
Committee of the Regions “Towards a global economic, social, environmental and financial
partnership for sustainable development’ aspects, as well as coherence of Community

policies and governance at all levels

COM(2003) 829 final Communication from the Commission to the ® A set of priorities for EU action

Not published in the Council and the European Parliament of ® EU’s ‘Water for Life’ and ‘Energy for Poverty

Official Journal 23 December 2003 “The World Summit on Eradication and Sustainable Development’
Sustainable Development one year on: initiatives, the sustainable management of natural
implementing our commitments’ resources, the promotion of sustainable patterns

of consumption and production methods, and
international environmental governance

Adapted from Arvanitoyannis et al., 2006b

development of water distribution and wastewater treatment infrastructure, waste
management, technologies for combating air pollution and renewable energy sources.
The report mentions several obstacles to the development of environmental technol-
ogy: lack of financial resources, risk aversion and uncertainty, lack of information on
efficiency, shortage of required skills, economic risks, innovation costs, the segmen-
tation of the market and lack of competition.

The Report from the Commission to the Council of 20 September 2002, Analysis of
the “open list’ of environment-related headline indicators (COM(2002) 524 final — not
published in the Official Journal) was an analysis of the feasibility and availability of
data for the proposed indicators. It was a basis for choosing the seven environmental
indicators for eventual inclusion in the 2003 Spring report. The indicators were
divided into four groups:

1 those feasible in 2002 as the data required are available and reliable

2 those feasible only in part in 2002 as the data, although available, are incomplete or
not sufficiently up to date

3 those unlikely feasible in the near future because, although the data are identifiable,
the available sources are inadequate or the data is not always produced on an annual
basis

4 those for which the available data are not sufficiently clear and for which method-
ological or other development work will be required.



162 Waste Management for the Food Industries

In order to be able to work out an optimum waste management strategy covering the
overall framework and practical implementing measures, the Commission launched
the Commission Communication of 27 May 2003 entitled *Towards a thematic strategy
on the prevention and recycling of waste’ (COM(2003) 301- Official Journal C 76 of
25 March 2004), which is a process of very broad consultation among all stakeholders
on the essential measures and instruments needed to promote waste prevention and
recycling. The objective was not to recommend the use of any particular instrument,
but to launch a debate on the potential role and efficiency of the different options
within the context of an overall thematic strategy. With regard to waste prevention, the
Commission has asked and has received contributions on the following:

1 exchange of information and experience and dissemination of best practices in
national incentive schemes

2 ways and means for economic operators to compile and implement waste preven-
tion plans

3 the waste prevention potential of the Directive on integrated pollution prevention
and control.

Furthermore, in the Commission Communication of 1 October 2003 “Towards a the-
matic strategy on the sustainable use of natural resources’ (COM(2003) 572 — not pub-
lished in the Official Journal), the Commission sets up the main features of a future
thematic strategy with the aim of establishing a framework and adopting measures that
will make the sustainable use of natural resources possible without continuing to
degrade the environment. In order to ensure that such a strategy is efficient, it should
be based on particular elements: the resources themselves, the impact of human activ-
ities and actions already initiated. The future thematic strategy should therefore adopt
an overall approach, focusing on disseminating information and organizing an action
framework with the following main elements:

1 gathering knowledge on the links between obtaining and using resources on the one
hand and their impact in every phase of their life cycle on the other

2 assessing policies impacting on the environment to determine how far policy
choices in these different areas are compatible with the aim of decoupling eco-
nomic growth from environmental degradation, and

3 policy integration of the issues relating to natural resources.

Communication from the Commission to the Council and the European Parliament of
28 January 2004 entitled “Stimulating technologies for sustainable development: an
environmental technologies action plan for the European Union’ (COM(2004)38 final —
not published in the Official Journal) sets an action plan that concerns technologies to
manage pollution, less polluting and less resource-intensive products and services and
ways to manage resources more efficiently. They reduce costs and improve competi-
tiveness by reducing energy and resource consumption and so creating fewer emis-
sions and less waste. The Commission identifies a number of factors which, in its
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opinion, are of importance when promoting environmental technologies and which
underpin this action plan:

1 environmental technologies are very diverse and can be applied in all economic
sectors

2 many environmental technologies are under-used

3 targeted and effective incentives can contribute to the successful introduction of
environmental technologies

4 reducing uncertainty about future market developments would boost investment in
environmental technologies

5 the experience and commitment of the various stakeholders is vital in promoting
environmental technologies

6 the optimum use of policy and economic instruments (such as legislation, volun-
tary measures etc.) can accelerate the uptake of environmental technologies

7 some of the measures which are needed to promote environmental technologies
may not affect investment decisions immediately.

Some major points of the EU legislation focused on sustainable development — sus-
tainable development instruments are presented in Table 4.6.

Sustainable development - integration of environmental policy
The activities to be carried out under Regulation (EC) No 2493/2000 (entry into force
18/11/2000) were as follows:

1 global environmental issues, in particular those covered by multilateral environ-
mental agreements, such as climate change, desertification and biological diversity

2 transboundary environmental issues, in particular air, soil and water pollution

3 environmental impacts related to the integration of developing countries into the
world economy

4 the inclusion in development cooperation projects of environmental considera-
tions enabling the sustainable dimension of these projects to be distinguished,
identified and assessed

5 environmental impacts of macroeconomic and sectoral policies in developing
countries

6 sustainable patterns of production and consumption

7 sustainable management and use of natural and environmental resources in all
productive sectors such as agriculture, fisheries and industry

8 environmental problems caused by the non-sustainable use of resources due to
poverty

9 sustainable production and use of energy and, in particular, encouragement of the
use of renewable energy sources, increased energy efficiency, energy saving and
the replacement of especially damaging energy sources by others which are less so

10 sustainable production and use of chemical products, in particular hazardous and

toxic substances
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Table 4.6 EU Communications (main points and comments) with regard to sustainable development - sustainable

development instruments

Directive

COM(2002) 122 final
Not published in the
Official Journal

COM(2002) 524 final
Not published in the
Official Journal

COM(2003) 301
Official Journal C 76
of 25 March 2004

COM(2003) 572
Not published in the
Official Journal

COM(2004) 38 final
Not published in the
Official Journal

Title

Commission report of 13 March 2002,
environmental technology for sustainable
development

Report from the Commission to the
Council of 20 September 2002, Analysis
of the ‘open list’ of environment-related
headline indicators

Commission Communication of 27 May
2003 entitled “Towards a thematic
strategy on the prevention and recycling
of waste’

Commission Communication of’

1 October 2003: ‘Towards a thematic
strategy on the sustainable use of
natural resources’

Communication from the Commission to
the Council and the European Parliament
of 28 January 2004 entitled ‘Stimulating

technologies for sustainable development:

an environmental technologies action
plan for the European Union’

Adapted from Arvanitoyannis et al., 2006b

Main points

Three types of activity pollution management,
integrated technologies and products which generate
little pollution and resource management
Environmental technology on the European and world
markets

Development of environmental technology are
mentioned

Feasibility analysis and availability of data for the
proposed indicators

Basis for choosing the seven environmental indicators
for eventual inclusion in the 2003 spring report
Concludes by stating that a detailed work program for
the production of the indicators will be developed in
the next stage

Not to recommend the use of any particular instrument
but to launch a debate on the potential role and
efficiency of the different options within the context

of an overall thematic strategy

Main features of a future thematic strategy with the aim
of establishing a framework and adopting measures
that will make the sustainable use of natural resources
possible without continuing to degrade the
environment

Based on particular elements: the resources themselves,
the impact of human activities and actions already
initiated

Action plan concerns technologies to manage
pollution, less polluting and less resource-intensive
products and services and ways to manage resources
more efficiently

Number of factors are of importance when promoting
environmental technologies

Three main areas according to their effect

11 conservation of biological diversity — especially by protecting ecosystems and
habitats and the conservation of species diversity — the sustainable use of its com-
ponents, the involvement of holders of traditional knowledge on the use of biolog-
ical diversity, and the fair and equitable sharing of the benefits arising out of the

utilization of genetic resources

12 the management of freshwater resources
13 coastal zone, estuary and wetland management

14 desertification

15 urban environment problems relating, inter alia, to transport, waste, wastewater,
air pollution and noise, and the quality of drinking water
16 environmental problems related to industrial activities.
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Communication from the Commission to the European Council of 27 May 1998 on a
partnership for integration, entitled *a strategy for integrating the environment into
EU policies (Cardiff — June 1998)" (COM(1998) 333 — not published in the Official
Journal), stated that the Commission has set out guidelines which will enable the envi-
ronmental dimension to be properly integrated into other policies:

integrating the environment into all activities by Community institutions

a review of existing policies

introduction of strategies for action in key areas

drafting of a Council report for the Vienna European Council on how the environ-
mental dimension has been successfully integrated into other policies of the Member
States

definition of priority actions and mechanisms for monitoring implementation
review by the European Council of environmental integration into sectoral policies
7 ajoint study by the Council, Parliament and the Commission on the development
of mechanisms for implementing these guidelines and for monitoring their imple-
mentation.
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Communication from the Commission to the Council, the European Parliament, the
Economic and Social Committee and the Committee of the Regions of 27 January
1999, ‘Directions towards sustainable agriculture’ (COM(1999) 22 final — Official
Journal C 173 of 19/6/1999): technological developments and commercial criteria
intended to increase yields and reduce costs have greatly increased the intensification
of agriculture over the last forty years. The common agricultural policy (CAP) is
largely responsible for this intensification. The high level of support for agricultural
prices has encouraged intensive agriculture and greater use of fertilizers and pesti-
cides. This has resulted in polluted water and land and the destruction of some impor-
tant ecosystems. The impact of the intensification of agriculture on the landscape can be
included among the other changes in the environment having been speeded up by the
prices policy of the CAP. The abandonment of land use for agricultural purposes, mainly
for economic reasons, also exerts pressure on the landscape and biodiversity. The
Union’s environmental strategy under the CAP is based on targeted agri-environmen-
tal measures which, particularly in rural areas, go beyond sound agricultural practice
and environmental legislation. These measures form an integral part of the rural devel-
opment programs.

Commission Communication of 28 May 2002 set out a Community Action Plan to
integrate environmental protection requirements into the Common Fisheries Policy
(CFP) (COM(2002) 186 final) and was part of the reform of the common fisheries
policy and proposed specific integration measures. The CFP heavily contributed to
environmental objectives without prejudice to its economic and social objectives. It is
based on the principles of precaution, prevention, rectification at source and polluter
pays, and aims at progressively implementing an ecosystem-based approach, to the
extent permitted by scientific knowledge. Integrating environmental protection
requirements into the CFP must give priority to reducing the pressure on resources,
improving fishing methods and abolishing state aid for the modernization and renewal
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of the fishing fleet. To facilitate the integration of environmental protection require-
ments into the CFP, the European Commission also considered it necessary to:

1 stimulate a better understanding of the marine ecosystems in the context of the 6th
Framework Program for Community research

2 extend management measures to the protection of non-commercial species and
habitats

3 analyze the application of the principles of prevention, rectification at source and
polluter-pays in the field of fisheries

4 initiate pilot projects regarding the collection of information on the relationships
between fisheries and the environment

5 implement integrated coastal zone management

6 inform the general public of the impact of fisheries and aquaculture on ecosystems

7 consider the use of trade measures compatible with the Community’s obligations to
promote sustainable and environmentally-sound fishing practices

8 study the possibilities offered by eco-labeling

9 remedy the harmful effects of human activities.

Communication from the Commission of 11 February 2004 ‘Towards a thematic strat-
egy on the urban environment’ (COM(2004) 60 — Official Journal C 98 of 23/4/2004)
focuses on the urban environment, while taking account of related economic and
social issues. It will therefore focus on four basic cross-cutting themes: urban man-
agement, urban transport, construction and urban design. The main aspect of the strat-
egy in terms of development of sustainable urban management is that each capital city
and every other city and town of over 100000 inhabitants should adopt an environ-
mental management plan for the urban area as a whole, together with targets related
to the key environmental impacts and should implement an environmental management
system to manage this process and deliver these objectives. Regarding sustainable urban
transport, every capital city and every city and town of over 100 000 inhabitants should
develop, adopt, implement and regularly revise a sustainable urban transport plan,
with short-, medium- and long-term targets.

In the communication from the Commission of 14 October 1998 “Strengthening
environmental integration within Community energy policy’, the Commission identifies
three main objectives of Community energy policy that take account of the environ-
mental dimension:

1 to promote energy efficiency/saving
2 to increase the share of production and use of cleaner energy sources
3 to reduce the environmental impact of the production and use of energy sources.

To achieve these objectives, action in the following areas is proposed:
1 facilitating cooperation between the Community, the Member States and relevant

parties
2 promoting specific energy policy actions
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3 ensuring better coordination with other Community policy measures in the energy
field

4 developing the energy policy response to climate change

5 developing the external dimension of energy policy

6 establishing a monitoring system and identifying indicators for environmental
integration.

Communication of 8 June 1999 from the Commission to the European Parliament and
the Council regarded the single market and environment. One of the targets set in the
action plan for the single market was to deliver a single market for the benefit of all
citizens, in which environmental protection would play an important role. The
Community must also use economic instruments such as taxes. The Commission pro-
poses a series of measures which could be taken to integrate environmental objectives
more fully into various areas of the single market:

1 publish a handbook

2 assess how proposed environmental measures will contribute to better functioning
of the single market

simplify environmental legislation and administrative procedures

update the existing Commission database on environmental taxes and charges used
in the internal market

develop the role of environmental agreements

develop the role and contribution of the Community eco-label award scheme
review the environment-related national technical regulations

review the Community framework for State aid for environmental protection
contribute to the measures taken by the Council on transport and energy, in order to
integrate environmental considerations into transport and energy policy.
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Communication from the Commission promoting sustainable development in the EU
non-energy extractive industry covers the extraction of all solid minerals, except coal
and uranium. Lignite, peat, brown coal and oil shale are also excluded from the scope
of the communication. From the point of view of the environment, extractive opera-
tions raise two types of concern: the use of non-renewable sources may mean that these
resources will not be available for future generations and extractive operations harm
the environment. Priority issues for the integration of the environment into the extrac-
tive industry include prevention of mining accidents, improvement of the overall envi-
ronmental performance of the industry and sound management of mining waste. The
Commission is proposing to draw up an inventory of abandoned mine sites and unre-
stored quarries which spoil the landscape and may pose environmental threats.
Communication from the Commission to the Council and the European Parliament
entitled ‘bringing our needs and responsibilities together — integrating environmen-
tal issues and economic policy’ shows no inherent contradiction between economic
growth and the maintenance of an acceptable level of environmental quality. Therefore,
measures to integrate environmental and economic policies should simultaneously
reduce pollution and improve the functioning of the economy. The communication
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advocates a number of solutions to improve the functioning of environmental product
markets: fixing correct prices for environmental goods, creating and assigning well-
defined property rights for environmental goods and services which are enforceable by
law and tradeable, fixing a price to pay for pollution, establishing deposit-refund
schemes to encourage recycling, offering subsidies to goods and services which gener-
ate positive environmental effects, negotiating agreements with industry and providing
information about the environmental characteristics of goods and services.

Commission Communication of 1 December 1999 to the Council, the European
Parliament, the Economic and Social Committee and the Committee of the Regions
on air transport and the environment sets out the strategy the EU is to pursue to put in
place a coherent and environmentally friendly policy in the field of air transport. The
first pillar of the strategy proposed in the communication is the improvement of tech-
nical environmental standards on noise and gaseous emissions. It also proposes the
introduction of economic and regulatory market incentives to enhance the competitive
edge of operators and users who choose to use state-of-the-art technologies and envi-
ronmentally friendly operations. Another pillar indicated is environmental protection
measures to be applied in airports.

Recommendation 2002/413/EC of the European Parliament and of the Council of
30 May 2002 focused on the implementation of Integrated Coastal Zone Management
in Europe (Official Journal L 148 of 6/6/2002). The EU recommends that Member
States take a strategic approach to their management. This must be based on: protec-
tion of the coastal environment, recognition of the threat posed by climate change, the
implementation of coastal protection measures, including protection of coastal settle-
ments and their cultural heritage, sustainable economic opportunities and employment
options, a functioning social and cultural system, accessible land for recreational pur-
poses and esthetic reasons, the cohesion of remote coastal communities and improved
coordination of measures.

A summary of the EU legislation related to sustainable development — integration
of environmental policy is given in Table 4.7.

Climate change

Once, all climate changes occurred naturally. However, during the Industrial
Revolution, human beings began altering our climate and environment through chang-
ing agricultural and industrial practices. Prior to the Industrial Revolution, human
activity released very few gases into the atmosphere, but nowadays through popula-
tion growth, fossil fuel burning and deforestation, the mixture of gases in the atmos-
phere is heavily affected. Emission inventories are developed for a variety of purposes.
Inventories of natural and anthropogenic emissions are used by scientists as inputs to
air quality models, by policy makers to develop strategies and policies or track progress
of standards, and by facilities and regulatory agencies to establish compliance records
with allowable emission rates (http://yosemite.epa.gov/OAR/globalwarming.nsf/con-
tent/emissions.html). Many chemical compounds found in the Earth’s atmosphere act
as ‘greenhouse gases’. These gases allow sunlight to enter the atmosphere freely.
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Table 4.7 EU Regulation and Communications (main points and comments) for sustainable development - integration of

environmental policy

Directive

Regulation (EC)
NO 2493/2000
(entry into force
18/11/2000)

COM(1998) 333
Not published in the
Official Journal

COM(1999) 22 final
Official Journal C 173
of19/6/1999

COM(2002) 186 final

COM(2004) 60
Official Journal C 98
of 23/4/2004

Communication from
the Commission of
14 October 1998

Communication of
8 June 1999 from the
Commission to the
European Parliament
and the Council

Communication from
the Commission

Title

Measures to promote the full integration
of the environmental dimension in the
development process of developing
countries

Communication from the Commission to
the European Council of 27 May 1998 on
a partnership for integration: a strategy
for integrating the environment into EU
policies (Cardiff, June 1998)

Communication from the Commission to
the Council, the European Parliament, the
Economic and Social Committee and the
Committee of the Regions of 27 January
1999 - Directions towards sustainable
agriculture

Commission Communication of 28 May
2002 setting out a Community Action
Plan to integrate environmental
protection requirements into the
Common Fisheries Policy

Communication from the Commission of
11 February 2004 ‘Towards a thematic
strategy on the urban environment’

Strengthening environmental integration
within Community energy policy

Single market and environment

Promoting sustainable development in
the EU non-energy extractive industry

Main points

Cooperation projects initiated by various players
(governments, public bodies, regional authorities,
traditional or local communities, cooperatives,
international organizations, non-governmental
organizations, private actors) in developing countries
and intended to promote sustainable development may
receive financial aid and technical assistance from the
Community

Guidelines will enable the environmental dimension to
be properly integrated into other policies

Basic environmental rules form an integral part of the
support systems for agriculture

Reduction of payments to farmers who do not make
the efforts needed to comply with European legislation
on the environment

Member States may designate up to 10% of their
territory as areas suffering from particular handicaps

Integrating environment into common fisheries policy
is an obligation laid down in the Treaty

CFP is based on the principles of precaution,
prevention, rectification at source and polluter pays

Focus on the urban environment while taking account
of related economic and social issues

Focus on four basic cross-cutting themes: urban
management, urban transport, construction and urban
design

Integration of environmental aspects within energy
policy should take place in a balanced way and should
be based on facts and analysis

Commission identifies three main objectives of
Community energy policy that take account of the
environmental dimension

To deliver a single market for the benefit of all citizens,
in which environmental protection would play an
important role

To reinforce the synergies between the single market
and environment policies, with the aid of a series of
measures on public procurement, standardization and
eco-labeling

A series of measures which could be taken to integrate
environmental objectives more fully into various areas
of the single market

The extraction of all solid minerals, except coal and
uranium

Lignite, peat, brown coal and oil shale are also
excluded from the scope of the communication

(Continued)
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Table 4.7

(Continued)

Directive

Communication from
the Commission to
the Council and the
European Parliament

Commission
communication of

1 December 1999 to
the Council, the
European Parliament,
the Economic and
Social Committee and
the Committee of the
Regions
Recommendation
2002/413/EC of the
European Parliament
and of the Council of
30 May 2002

Official Journal L 148
of 6/6/2002

Title Main points

Bringing our needs and responsibilities ® There is no inherent contradiction between economic
together - integrating environmental growth and the maintenance of an acceptable level of
issues and economic policy environmental quality

® Advocates a number of solutions to improve the

functioning of environmental product markets

Air transport and the environment ® Sets out the strategy the EU is to put in place
a coherent and environmentally friendly policy in
the field of air transport
® The improvement of technical environmental standards
on noise and gaseous emissions
® Environmental protection measures to be applied in
airports

Concerning the implementation of ® EU recommends that the Member States take a
Integrated Coastal Zone Management strategic approach to the management of coastal zones

in Europe

Adapted from Arvanitoyannis et al., 2006b

When sunlight strikes the Earth’s surface, a part of it is reflected towards space as
infrared radiation (heat). Greenhouse gases absorb this infrared radiation and trap the
heat in the atmosphere. Many gases exhibit these ‘greenhouse’ properties. Some of
them occur in nature (water vapor, carbon dioxide, methane and nitrous oxide), while
others are exclusively human-made (like gases used for aerosols). There is uncertainty
in how the climate system varies naturally and reacts to emissions of greenhouse
gases. Making progress in reducing uncertainties in projections of future climate will
require better awareness and understanding of the buildup of greenhouse gases in the
atmosphere and the behavior of the climate system (http://www.eia.doe.gov/oiaf/
1605/ggccebro/chapterl.html). During the last century, the Earth’s average surface
temperature rose by around 0.6°C. Evidence is getting stronger that most of the global
warming that has occurred over the last 50 years is attributable to human activities. In
its Third Assessment Report, published in 2001, the Intergovernmental Panel on
Climate Change (IPCC) projects that global average surface temperatures will rise by
a further 1.4 to 5.8°C by the end of this century. This global temperature increase is
likely to trigger serious consequences for humanity and other life forms alike, includ-
ing a rise in sea levels of an estimated 9 to 88 cm by the end of this century, which will
endanger coastal areas and small islands, and a greater frequency and severity
of extreme weather events. The EU is at the forefront of international efforts to com-
bat climate change and has played a key role in the development of the two major
treaties addressing the issue, the United Nations Framework Convention on Climate
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Change and its Kyoto Protocol (http://europa.eu.int/comm/environment/climate/
home_en.htm).

Climate change legislation

Following the EU Directive 2003/87/EC (entry into force 25/10/2003) ‘allowance’
means an allowance to emit one tonne of carbon dioxide equivalent during a specified
period, which shall be valid only for the purposes of meeting the requirements of this
Directive and shall be transferable in accordance with the provisions of this Directive
and ‘emissions’ means the release of greenhouse gases into the atmosphere from
sources in an installation. An application to the competent authority for a greenhouse
gas emissions permit shall include a description of:

1 the installation and its activities including the technology used

2 the raw and auxiliary materials

3 the sources of emissions of gases from the installation

4 the measures planned to monitor and report emissions in accordance with the
guidelines.

Greenhouse gas emissions permits shall contain the following:

the name and address of the operator

a description of the activities and emissions from the installation

monitoring requirements, specifying monitoring methodology and frequency
reporting requirements

an obligation to surrender allowances equal to the total emissions of the installation
in each calendar year within four months following the end of that year.
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Member States may maintain their registries in a consolidated system, together with
one or more other Member States. Greenhouse gases referred to carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,O), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs) and sulfur hexafluoride (SFg).

According to the communication on the implementation of the first phase of the
European Climate Change Program (COM(2001) 580 — not published in the Official
Journal), a package of measures was suggested, which the Commission intended to
bring forward during the next 24 months. They were grouped in four sections: cross-
cutting, energy, transport and industry. Those measures represented a cost-effective
reduction potential of some 122-178 Mt CO, eq. However, the ECCP also highlighted
the importance of measures which are particularly promising in a long-term perspec-
tive and for which the cost-effectiveness constraint of EUR20 per tonne of CO, eq.
needs to be qualified. In this respect, the emission reduction potential could increase
with another 100 Mt of CO, eq. in view of reflecting proactive policies in the field of
combined heat and power (CHP) and biofuels. This applies particularly to actions in
the transport sector.

In the Proposal for a Regulation of the European Parliament and of the Council
of 11 August 2003 on certain fluorinated greenhouse gases (COM(2003) 492 — not
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published in the Official Journal), it was stated the proposed Regulation aimed at
reducing emissions of certain fluorinated gases (HFCs, PFCs and sulfur hexafluorides),
to improve containment and monitoring of these gases and restrict their marketing and
use. The proposal would lead to a reduction in emissions of 23 million tonnes of car-
bon dioxide equivalent by 2010, and an even greater reduction thereafter. HFCs are
used as refrigerants, cleaning solvents and foam blowing agents. PFCs are used in
semi-conductor manufacture, as cleaning solvents and as foam blowing agents. Sulfur
hexafluorides are used in high-voltage switch gear and magnesium production.
Emissions of these three gases are forecast to increase to around 98 million tonnes of
carbon dioxide equivalent by 2010, representing 2—4% of total projected greenhouse
gas emissions for the period. In order to improve the confinement of fluorinated
greenhouse gases, the proposal states that:

1 all persons responsible for emissions are required to take all measures to prevent
and minimize leakages

2 refrigeration, air-conditioning and heat-pump equipment and fire protection sys-
tems must undergo at least one leakage inspection a year

3 the owners of refrigeration, air-conditioning and heat-pump equipment and fire
protection systems containing 300 kg or more of fluorinated gas are required to
install leak detection systems

4 the owners of refrigeration, air-conditioning and heat-pump equipment and fire
protection systems containing 3 kg or more of fluorinated gas are required to main-
tain records, these records must indicate the quantity and type of gas.

The use of sulfur hexafluoride was prohibited from 1 January 2007, except for
magnesium die-casting where the annual consumption of sulfur hexafluoride is below
500kg.

The Decision 2002/358/EC (entry into force 15/5/2002) made clear that the
Commission shall, at the latest by 31 December 2006, determine the respective emis-
sion levels allocated to the European Community and to each Member State in terms
of tonnes of carbon dioxide equivalent following the establishment of definitive base-
year emission figures and on the basis of the quantified emission limitation or reduc-
tion commitments taking into account the methodologies for estimating anthropogenic
emissions by sources and removals by sinks referred to in the Protocol and the modal-
ities for the calculation of assigned amount pursuant to the Protocol. The Kyoto
Protocol tackles emissions of six greenhouse gases: carbon dioxide (CO,), methane
(CHy), nitrous oxide (N,O), hydrofluorocarbons (HFC), perfluorocarbons (PFC) and
sulfur hexafluoride (SFg). It represents an important step forward in the effort to
tackle global warming, as it includes binding, quantified objectives for limiting and
reducing greenhouse gases. Overall, the Parties of the Framework Convention under-
take to reduce their greenhouse gas emissions by at least 5% below 1990 levels dur-
ing the period 2008 to 2012. The EU Member States collectively must reduce their
greenhouse gas emissions by 8% between 2008 and 2012. For the period up to 2008,
the Parties undertake to make demonstrable progress in achieving their commitments
by no later than 2005.
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Furthermore, another Decision 280/2004/EC (entry into force 10/3/2004) claims
that it establishes a mechanism for:

1 monitoring all anthropogenic emissions by sources and removals by sinks of green-
house gases not controlled by the Montreal Protocol on substances that deplete the
ozone layer in the Member States

2 evaluating progress towards meeting commitments in respect of these emissions by
sources and removals by sinks

3 implementing the UNFCCC and the Kyoto Protocol, greenhouse gas inventories,
national systems and registries of the Community and its Member States, and the
relevant procedures under the Kyoto Protocol

4 ensuring the timeliness, completeness, accuracy, consistency, comparability and
transparency of reporting by the Community and its Member States to the UNFCCC
Secretariat.

Member States shall, for the assessment of actual progress and to enable the prepara-
tion of annual reports by the Community, in accordance with obligations under the
UNFCCC and the Kyoto Protocol, determine and report to the Commission by 15
January each year (year X):

1 their anthropogenic emissions of greenhouse gases listed in the Kyoto Protocol
(carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride (SFg)) during the year
before last (year X—2)

2 provisional data on their emissions of carbon monoxide (CO), sulfur dioxide (SO,),
nitrogen oxides (NO,) and volatile organic compounds (VOC) during the year
before last (year X—2), together with final data for the year three-years previous
(year X—3)

3 their anthropogenic greenhouse gas emissions by sources and removals of carbon
dioxide by sinks resulting from land-use, land-use change and forestry during the
year before last (year X—2)

4 information with regard to the accounting of emissions and removals from land-
use, land-use change and forestry where a Member State decides to make use of it
and the relevant decisions thereunder, for the years between 1990 and the year
before last (year X—2)

5 any changes to the information relating to the years between 1990 and the year
three-years previous (year X—3)

6 the elements of the national inventory report necessary for the preparation of the
Community greenhouse gas inventory report, such as information on the Member
State’s quality assurance/quality control plan, a general uncertainty evaluation, a
general assessment of completeness and information on recalculations performed

7 information from the national registry, once established, on the issue, acquisition,
holding, transfer, cancellation, withdrawal and carry over of assigned amount units,
removal units, emission reduction units and certified emission reductions during
the previous year (year X—1)
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8 information on legal entities authorized to participate in mechanisms under the
Kyoto Protocol, in compliance with relevant national or Community provisions
9 steps taken to improve estimates, for example where areas of the inventory have
been subject to adjustments
10 information on indicators for the year before last (year X—2)
11 any changes to the national inventory system.

According to the Green Paper on greenhouse gas emissions ‘towards a European
Climate Change Program (ECCP)’, emissions trading is a scheme whereby companies
are allocated allowances for their greenhouse gas emissions according to the overall
environmental ambitions of their government. It is a very practical system in that indi-
vidual companies are able to emit more than their allowance on condition that they
can find another company which has emitted less than allowed and is willing to sell its
‘spare’ allowances. Community-wide emissions trading could reduce the cost of
implementing the Community’s Kyoto commitments by nearly a fifth. Moreover, a
Community emissions trading scheme would lead to one single price for allowances
traded by companies, which would be compatible with the smooth functioning of the
internal market. The degree of Community intervention depends on the nature of the
system. The Community could opt for a supervising role (low-level intervention) or
the role of a regulating authority (harmonization — firm intervention). Whatever it
chooses, it will be necessary to:

1 ensure equal treatment for companies of comparable size under the emissions trad-
ing scheme

minimize the possibility of competition being distorted

ensure synergy with existing legislation

ensure the scheme is applied effectively

ensure compatibility with the scheme established by the Kyoto Protocol.
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Some representative points and comments (amendments, repeals) of the EU Directive,
Communications, Decisions and Green Paper about climate change are given in Table 4.8.

Waste management

In the EU, more than 1.3 billion tonnes of waste are produced annually. Most of the
waste is either burnt in incinerators or dumped into landfill sites (67%). However, both
these methods create environmental damage. The EU’s Sixth Environment Action
Program primary objective is to decouple waste generation from economic activity.
The EU’s approach to waste management is based on three principles:

1 waste prevention by improving product design

2 recycling and re-use including packaging waste, end-of-life vehicles, batteries,
electrical and electronic waste

3 improving final disposal and monitoring.
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Table 4.8 EU Directive, Communications, Decisions and Green Paper (main points and comments) dealing with climate change

Directive

EU 2003/87/EC
(entry into force

25/10/2003)

COM(2001) 580
Not published

in the Official
Journal

COM(2003) 492
Not published

in the Official
Journal

Decision
2002/358/EC
(entry into force
15/5/2002)

Decision
280/2004/EC
(entry into force
10/3/2004)

Green Paper

Title

Establishing a scheme
for greenhouse gas
emission allowance
trading within the
Community

Communication on the
implementation of the first
phase of the European
Climate Change Program

Proposal for a Regulation
of the European
Parliament and of the
Council of 11 August 2003
on certain fluorinated
greenhouse gases

Approval, on behalf of
the European Community,
of the Kyoto Protocol to
the United Nations
Framework Convention on
Climate Change and

the joint fulfilment of
commitments

thereunder

Mechanism for monitoring
Community greenhouse
gas emissions and for
implementing the Kyoto
Protocol

On greenhouse gas
emissions: towards a
European Climate
Change Program (ECCP)

Adapted from Arvanitoyannis et al., 2006b

Main points Comments

® The operator of the installation is capable of Amendment
monitoring and reporting the emissions > Directive EU

® At least 95% of the allowances for the initial 2003/87/EC
three-year period are allocated to the installations (entry into force
free of charge 13/11/2004)

The operator must submit a report to the ® Replacement,
competent authority detailing the greenhouse correction and
amendment of
articles

gas emissions

A package of instruments which also includes a
proposal for a decision on the ratification of the
Kyoto Protocol and a proposal for a Directive on
emissions trading within the EU

There are four types of measure: cross-cutting,
energy, transport and industry

Reduction of emissions of certain fluorinated
gases, to improve containment and monitoring
of these gases

Confinement of fluorinated gases

Air conditioning systems in new vehicles

Framework Convention may be considered a
success

Member States were to coordinate their action to
deposit their tools of ratification

Kyoto Protocol tackles emissions of six greenhouse
gases

Represents an important step forward in the effort
to tackle global warming

Decision establishes a mechanism designed to
monitor in the Member States all anthropogenic
greenhouse gas emissions

Registries accounting for the issue, holding,
transfer, cancellation and withdrawal of units

Emissions trading is a scheme whereby companies
are allocated allowances for their greenhouse gas
emissions

Companies taking part in the emissions trading
scheme will be regulated either by their national
authorities or by the Commission

Scope of an emissions trading scheme: initial
allocation of emission allowances, synergy with
other policies and measures, compliance and
enforcement
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To this end, the EU has recently approved a Directive setting strict guidelines for land-
fill management and another recent Directive that lays down tough limits on emission
levels from incinerators. The Union also aims at reducing emissions of dioxins and
acid gases such as NO,, sulfur dioxide (SO,) and HCL (http://europa.eu.int/comm/
environment/waste/). More specifically, solid waste disposal is becoming more diffi-
cult with each passing year. Although the generation of solid waste cannot be elimi-
nated, there is ample opportunity to reduce significantly the amount of waste created.
The second best option is to recycle unwanted materials rather than disposing of
them. The next option is to use the waste materials for energy recovery by use of a
solid waste incinerator that produces usable energy. Landfilling is the least desirable
option for solid waste disposal, yet our current disposal practices rely heavily on land-
filling. Another serious matter is the control of hazardous wastes, no longer of value
to their owner or producer and which represent a threat to human health or the envi-
ronment. Most hazardous wastes are an unfortunate by-product of 20th century indus-
trial and technological innovations, exemplified by the chemical and petrochemical
industries and a wide spectrum of new manufacturing procedures (Ray, 1995). The
Community’ approach has been to assign more responsibility to the producer. At
international level, this approach was also adopted at the first Conference of the
Parties to the OSPAR Convention for the Protection of the Marine Environment of the
North-East Atlantic. The EU has defined the waste flows to be given priority consid-
eration. As a consequence, it has adopted legislation on packaging waste (EU Directive
94/62/EC), batteries (EU Directive 91/157/EEC) and mineral oils (EU Directive
75/439/EEC). The various options for treating waste, such as disposal in landfills (EU
Directive 1999/31/EC) and incineration, have also been the subject of Community
measures (http://europa.eu.int/scadplus/leg/en/lvb/128066.htm).

Waste management — general framework

From the scope of EU Directive 75/442/EEC (entry into force 18/7/1977), the wastes
excluded are:

1 radioactive waste

2 waste resulting from prospecting, extraction, treatment and storage of mineral
resources and the working of quarries

animal carcases

wastewaters

gaseous effluents emitted into the atmosphere

waste covered by specific Community rules.
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Member States shall take appropriate steps to encourage the prevention, recycling and
processing of waste, the extraction of raw materials and possibly of energy therefrom
and any other process for the re-use of waste. They shall inform the Commission of
any draft rules to such effect and, in particular, of any draft rule concerning:

1 the use of products which might be a source of technical difficulties as regards dis-
posal or lead to excessive disposal costs
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2 the encouragement of the reduction in the quantities of certain waste, the treatment
of waste for its recycling and re-use, the recovery of raw materials and/or the pro-
duction of energy from certain waste

3 the use of certain natural resources, including energy resources, in applications
where they may be replaced by recovered materials.

The purpose of EU Directive 96/61/EC (entry into force 30/10/1996) was to achieve
integrated prevention and control of pollution arising from the activities listed. It laid
down measures designed to prevent or, where that is not practicable, to reduce emis-
sions in the air, water and land from activities, including measures concerning waste,
in order to achieve a high level of protection of the environment taken as a whole.
Member States shall take the necessary measures to provide that the competent
authorities ensure that installations are operated in such a way that:

all the appropriate preventive measures are taken against pollution

no significant pollution is caused

waste production is avoided

energy is used efficiently

the necessary measures are taken to prevent accidents and limit their consequences
the necessary measures are taken upon definitive cessation of activities to avoid any
pollution risk and return the site of operation to a satisfactory state.
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Member States shall take the necessary measures to ensure that no new installation is
operated without a permit. They shall take the necessary measures to ensure that an
application to the competent authority for a permit includes a description of:

1 the installation and its activities

the raw and auxiliary materials, other substances and the energy used in or gener-

ated by the installation

the sources of emissions from the installation

the conditions of the site of the installation

the nature and quantities of foreseeable emissions from the installation

the proposed technology and other techniques for preventing or, where this not pos-

sible, reducing emissions from the installation

7 where necessary, measures for the prevention and recovery of waste generated by
the installation

8 further measures planned to comply with the general principles of the basic obliga-
tions of the operator.

N
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The aim of EU Directive 1999/31/EC (entry into force 16/7/1999) was to provide
measures, procedures and guidance to prevent or reduce as far as possible negative
effects on the environment, in particular the pollution of surface water, groundwater,
soil and air, and on the global environment, including the greenhouse effect, as
well as any resulting risk to human health, from landfilling of waste, during the whole
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life cycle of the landfill. The following shall be excluded from the scope of this
Directive:

1 the spreading of sludges and similar matter on the soil for the purposes of fertiliza-
tion or improvement

2 the use of inert waste which is suitable, in redevelopment/restoration and filling-in
work, or for construction purposes, in landfills

3 the deposit of non-hazardous dredging sludges alongside small waterways.

Each landfill should be classified into one of the following classes:

1 landfill for hazardous waste
2 landfill for non-hazardous waste
3 landfill for inert waste.

Regulation (EC) No 259/93 (entry into force 9/2/1993) was applied to shipments of
waste within, into and out of the Community. The following was excluded from the
scope of this Regulation:

1 the offloading to shore of waste generated by the normal operation of ships and off-
shore platforms, including wastewater and residues, provided that such waste is the
subject of a specific binding international instrument

shipments of civil aviation waste

shipments of radioactive waste

shipments of waste

shipments of waste into the Community.
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Where the notifier intends to ship waste for disposal from one Member State to another
Member State and/or pass it in transit through one or several other Member States, he
shall notify the competent authority of destination and send a copy of the notification
to the competent authorities of dispatch and of transit and to the consignee. Member
States shall, however, establish an appropriate system for the supervision and control
of shipments of waste within their jurisdiction. All exports of waste for disposal shall
be prohibited, except those to EFTA countries which are also parties to the Basle
Convention. All exports of waste for recovery were prohibited except those to countries
to which the OECD decision applies and other countries which are Parties to the Basle
Convention or with which individual Member States have concluded bilateral agree-
ments and arrangements prior to the date of application of this Regulation.

The purpose of Regulation (EC) No 2150/2002 (entry into force 9/2/2003) was to
establish a framework for the production of Community statistics on the generation,
recovery and disposal of waste. The statistics shall cover:

1 generation of waste
2 recovery and disposal of waste
3 import and export of waste for which no data are collected.
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Member States shall acquire the data necessary for the specification of the character-
istics by means either of: surveys, administrative or other sources, statistical estima-
tion procedures on the basis of samples or waste-related estimators or a combination
of these means. They shall transmit the results, including confidential data, to Eurostat
in an appropriate format and within a set period of time from the end of the respective
reference periods. The Commission shall draw up a program for pilot studies on waste
from specific economic activities.

According to the Communication from the Commission of 22 July 1998, entitled
‘the competitiveness of the recycling industries’, the recycling industries are con-
fronted with insufficient demand, precarious market structures which are not very
competitive and excessive competition from ‘virgin’ raw materials (non-recycled).
Despite the disparity among the different branches of recycling, it is possible to iden-
tify a number of factors of competitiveness which are common to all branches. These
concern production, the supply and demand for recycled products and the ways in
which the markets operate. The factors operating at the production and supply level
identified by the Commission are:

1 structural aspects, notably the increase in the cost of recycled products
2 technical aspects affecting the cost of collecting and sorting.

Finally, the Commission identified the following factors affecting the functioning of
the markets and the business framework:

1 alack of transparency, revealed by the almost total absence of indicators and statis-
tics, and market fragmentation

2 a lack of consistency in the way in which existing Community regulations are
applied.

Among actions in the area of standardization, the Commission proposes:

1 the review of industrial standards to ensure that design favors the aptitude of prod-
ucts for recycling and to eliminate obstacles to the use of secondary raw materials

2 the substitution of hazardous substances by other substances in products

3 the harmonization of specifications and testing methods for recycled products and
the development of marking systems aimed at facilitating the identification of sub-
stances and at aiding consumers to separate types of waste.

The report from the Commission to the Council and the European Parliament of
19 May 2003 on the implementation of Community waste legislation, in particular
Directive 75/442/EEC on waste, Directive 91/689/EEC on hazardous waste, Directive
75/439/EEC on waste oils, Directive 86/278/EEC on sewage sludge and Directive
94/62/EC on packaging and packaging waste, for the period 1998-2000 (COM
(2003) 250 final — not published in the Official Journal), highlighted an increase in
domestic waste per inhabitant and that the production of hazardous waste has stabi-
lized. However, most Member States have notified the Commission, in accordance with
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Directive 91/689/EEC, of the waste which, in their opinion, is of a hazardous nature.
The hierarchy of principles established by Directive 75/442/EEC was as follows: pre-
vention, recycling, energy recovery and safe disposal. The provisions of Directive
86/278/EEC proved very effective in fighting pollution arising from the use of sewage
sludge. The quality of data concerning waste should improve with the implementation
of Regulation (EC) No 2150/2002/EC on waste statistics. Most Member States com-
ply with Directives 75/442/EEC and 91/689/EEC which require operators of waste
management installations and producers of hazardous waste to keep registers.
However, some countries do not comply with Directive 86/278/EEC which lays down
similar provisions on sewage sludge.

The Commission launched a process of very broad consultation among all stake-
holders on the essential measures and instruments needed to promote waste preven-
tion and recycling. The objective of the Commission Communication of 27 May
2003, entitled ‘Towards a thematic strategy on the prevention and recycling of waste
(COM(2003) 301 final — Official Journal C 76 of 25 March 2004), was not to recom-
mend the use of any particular instrument but to launch a debate on the potential role
and efficiency of the different options within the context of an overall thematic strat-
egy. With regard to waste prevention, the Commission has asked and has received
contributions on the following:

1 exchange of information and experience and dissemination of best practices in
national incentive schemes

2 the role which the future chemicals policy could play in reducing the hazardousness
of chemical waste

3 ways and means for economic operators to compile and implement waste preven-
tion plans

4 the waste prevention potential of the Directive on integrated pollution prevention
and control.

With regard to waste recycling, the Commission asked for and obtained comments on:

1 fixing more efficient recycling targets

2 the use of economic market-based instruments to control recycling costs, such as
coordinated landfill taxes

3 the possibility of making producers responsible for recycling

4 measures enabling the adoption of homogeneous rules on recycling.

The titles, main points and comments of the EU Directives, Regulation and Commu-
nications (main points and comments) for waste management — general framework
are summarized in Table 4.9.

Waste management - specific waste
EU Directive 75/439/EEC (entry into force 18/6/1977) says that Member States shall
take the necessary measures to ensure the safe collection and disposal of waste oils
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Table 4.9 EU Directives, Regulation and Communications (main points and comments) focused on waste management —

general framework

Directive Title

EU 75/442/EEC  Waste
(entry into force

18/7/1977)

EU 96/61/EC Integrated pollution
(entry into force prevention and control
30/10/1996)

EU 1999/31/EC The landfill of waste

(entry into force
16/7/1999)

Regulation (EC) The supervision and

No 259/93 control of shipments of
(entry into force waste within, into and
9/2/1993) out of the European

Community

Main points

Application for all substances or objects

No application for radioactive waste, mineral
waste, animal carcases and agricultural waste,
wastewater and gaseous

All holders of wastes shall hand wastes over to
a private or public collection agency or to a
disposal company

Companies or establishments treating, storing
or dumping waste for another party must obtain
an authorization from the competent authority
Competent authorities shall draw up one
management plan governing the types,
quantities and origins of the wastes etc.

Procedure for applying for operating permits

and minimum requirements to be included in
any such permit is laid down

Member States inspect industrial installations
and ensure they comply with the provisions

Definition of the different categories of waste
and application for all landfills

No application for the spreading on the soil of
sludges, the use in landfills of inert waste for
redevelopment or restoration work, the deposit
of unpolluted soil or of non-hazardous inert
waste resulting from prospecting and extraction,
treatment and storage of mineral resources

Shipments of waste, both within and into or
out of the European Community, to waste
transported between Member States but routed
through one or more third countries, and to
waste transported between third countries but
routed through one or more Member States
Concerns the application by the Member States
of a system of prior authorization for the
shipment of waste

Distinction between waste for disposal and
waste for recovery

A standard consignment note for shipments

of waste

Member States must take the necessary steps
to inspect, sample and monitor waste shipments

Comments

Amendments

> Directive EU 91/156/EEC
(entry into force
1/4/1993)

> Directive EU 91/692/EEC
(entry into force
1/1/1995)

> Directive EU 96/350/EC
(entry into force
28/5/1996)

> Directive EU 96/59/EC
(entry into force
16/9/1996)

® Additional elements for
the articles

Amendment
> Regulation (EC)
No 1882/2003 (entry
into force 20/11/2003)
® Replacement of annexes

Amendments

> Decision 94/721/EC
(entry into force
24/10/1994)

> Decision 96/660/EC
(entry into force
18/11/1996)

> Regulation No 120/97
(entry into force
27/1/1997)

> Regulation No 2408/98
(entry into force
25/11/1999)

> Decision 1999/816/EC
(entry into force
25/11/1999)

> Regulation No
1420/1999 (entry into
force 30/9/1999)

> Regulation No
1547/1999 (entry into
force 16/8/1999)

(Continued)
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Table 4.9 (Continued)

Directive

Regulation (EC)
No 2150/2002
(entry into force
29/12/2002)

Communication
from the
Commission of
22 July 1998

COM(2003)
250 final

Not published
in the Official
Journal

COM(2003)
301 final
Official Journal
C76of 25
March 2004

Title

Waste statistics

The competitiveness
of the recycling
industries

Report from the
Commission to the
Council and the
European Parliament
of 19 May 2003 on

the implementation

of Community waste
legislation, in particular
Directive 75/442/EEC
on waste, Directive
91/689/EEC on
hazardous waste,
Directive 75/439/EEC
on waste oils, Directive
86/278/EEC on sewage
sludge and Directive
94/62/EC on packaging
and packaging waste, for
the period 1998-2000

Commission
Communication of’

27 May 2003 entitled
‘Towards a thematic
strategy on the
prevention and recycling
of waste’

Adapted from Arvanitoyannis et al., 2006c

Main points

Comments

> Regulation No
2557/2001 (entry into
force 1/1/2001)

® Replacement of annexes

Amendment

> Regulation (EC)
No 574/2004
(entry into force
16/4/2004)

® Amendment of annexes

Member States and the Commission produce
statistics on waste production, recovery and
disposal of waste and import and export of waste
Statistics are to be produced using the statistical
nomenclature set out

Data are to be collected by means of surveys,
statistical estimation procedures or referral to
administrative or other sources

Constitutes a partial response to the Council’s
invitation, formulated in its Resolution of
24/2/1997, on a Community strategy for waste
management

Commission advocates the following regulatory
measures: (2) increased transparency, (b)
simplification of Community legislation, (c)
increased use of market-based and regulatory
instruments and (d) the drawing up of new
measures

Report stresses that it is not yet satisfactory
Hierarchy of principles established by Directive
EU 75/442/EEC is as follows: prevention,
recycling, energy recovery and safe disposal
Quality of data concerning waste should
improve with the implementation of Regulation
(EC) No 2150/2002 on waste statistics

Most Member States comply with Directives
EU 75/442/EEC and EU 91/689/EEC which
require operators of waste management
installations and producers of hazardous waste
to keep registers. However, some countries do
not comply with Directive EU 86/278/EEC which
lays down similar provisions on sewage sludge

Establishing an overall coherent policy on
preventing and recycling waste

A process of very broad consultation among
all stakeholders on the essential measures and
instruments needed to promote waste
prevention and recycling
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and shall take the necessary measures to ensure that, as far as possible, the disposal of
waste oils is carried out by recycling. They shall also take the necessary measures to
ensure the prohibition of:

1 any discharge of waste oils into internal surface waters, groundwater, coastal waters
and drainage systems

2 any deposit and/or discharge of waste oils harmful to the soil and any uncontrolled
discharge of residues resulting from the processing of waste oils

3 any processing of waste oils causing air pollution which exceeds the level pre-
scribed by existing provisions.

The main aim of EU Directive 78/176/EEC (entry into force 21/2/1979) was the pre-
vention and progressive reduction, with a view to its elimination, of pollution caused
by waste from the titanium dioxide industry. Member States should take the necessary
measures to ensure that waste is disposed of without endangering human health and
without harming the environment and, in particular:

1 without risk to water, air, soil and plants and animals
2 without deleteriously affecting beauty-spots or the countryside.

They should take appropriate measures to encourage the prevention, recycling and
processing of waste, the extraction of raw materials and any other process for the re-
use of waste. The discharge, dumping, storage, tipping and injection of waste are pro-
hibited unless prior authorization is issued by the competent authority of the Member
State in whose territory the waste is produced.

EU Directive 82/883/EEC (entry into force 9/12/1984) laid down the procedures
for the surveillance and monitoring of the effects on the environment, with regard to its
physical, chemical, biological and ecological aspects, of the discharge, dumping, stor-
age on, tipping on or injection into the ground of waste from the titanium dioxide
industry. Member States should carry out surveillance and monitoring of the environ-
ments affected and of a neighboring zone deemed to be unaffected. The samples must
be taken at the same location and depth and under the same conditions in the course
of successive sampling operations.

EU Directive 86/278/EEC (entry into force 18/6/1986) dealt with the regulation of
the use of sewage sludge in agriculture in such a way as to prevent harmful effects on
soil, vegetation, animals and man, thereby encouraging the correct use of such sewage
sludge. Member States should prohibit the use of sludge where the concentration of
one or more heavy metals in the soil exceeds the limit values which they lay down.
Member States should prohibit the use of sludge or the supply of sludge for use on:

1 grassland or forage crops if the grassland is to be grazed or the forage crops to be
harvested before a certain period has elapsed

2 soil in which fruit and vegetable crops are growing, with the exception of fruit trees
and ground intended for the cultivation of fruit and vegetable crops which are nor-
mally in direct contact with the soil and normally eaten raw.
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The purpose of EU Directive 91/157/EEC (entry into force 25/3/1991) was to approx-
imate and converge the laws of the Member States on the recovery and controlled dis-
posal of those spent batteries and accumulators containing dangerous substances. The
marketing of:

1 alkaline manganese batteries for prolonged use in extreme conditions containing
more than 0.05% of mercury by weight

2 all other alkaline manganese batteries containing more than 0.025% of mercury by
weight is prohibited as from 1/1/1993.

Alkaline manganese button cells and batteries composed of button cells shall be
exempted from this prohibition. The marking must include the following indications:
separate collection, where appropriate, recycling and the heavy-metal content.

EU Directive 92/112/EEC (entry into force 15/6/1993) laid down procedures for
harmonizing the programs for the reduction and eventual elimination of pollution
from existing industrial establishments and is intended to improve the conditions of
competition in the titanium dioxide industry. The dumping of any solid waste, strong
acid waste, treatment waste, weak acid waste, or neutralized waste, was prohibited
with effect from 15/6/1993. Member States should take the necessary measures to
ensure that discharges of waste into inland surface waters, internal coastal waters, ter-
ritorial waters, the high sea and the atmosphere are prohibited.

EU Directive 94/62/EC (entry into force 31/12/1994) aimed at harmonizing national
measures concerning the management of packaging and packaging waste in order to
prevent any impact thereof on the environment of all Member States as well as of third
countries or to reduce such impact, thus providing a high level of environmental pro-
tection and to ensure the functioning of the internal market and to avoid obstacles to
trade and distortion and restriction of competition within the Community. It covered
all packaging placed on the market in the Community and all packaging waste, whether
it is used or released at industrial, commercial, office, shop, service, household or any
other level, regardless of the material used and shall apply without prejudice to exist-
ing quality requirements for packaging such as those regarding safety, the protection
of health and the hygiene of the packed products or to existing transport requirements.
Member States may encourage reuse systems of packaging, which can be reused in an
environmentally sound manner. Moreover, they should encourage the use of materials
obtained from recycled packaging waste for the manufacturing of packaging and
other products.

The purpose of EU Directive 96/59/EC (entry into force 16/9/1996) was to approx-
imate the laws of the Member States on the controlled disposal of PCBs, the decon-
tamination or disposal of equipment containing PCBs and/or the disposal of used
PCBs in order to eliminate them completely. Member States should take the necessary
measures to ensure that used PCBs are disposed of and PCBs and equipment contain-
ing PCBs are decontaminated or disposed of as soon as possible. Member States
should take the necessary measures to ensure that used PCBs and equipment contain-
ing PCBs are transferred to licensed undertakings and should take the necessary
measures to prohibit any incineration of PCBs and/or used PCBs on ships.
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EU Directive 2000/53/EC (entry into force 21/10/2000) laid down measures target-
ing the prevention of waste from vehicles and the re-use, recycling and other forms of
recovery of end-of life vehicles and their components. In order to promote the preven-
tion of waste, Member States shall encourage:

1 vehicle manufacturers to limit the use of hazardous substances in vehicles and to
reduce them as far as possible

2 the design and production of new vehicles which take into full account and facili-
tate the dismantling, re-use and recovery, in particular the recycling

3 vehicle manufacturers to integrate an increasing quantity of recycled material in
vehicles and other products.

Member States shall ensure materials and components of vehicles put on the market
after 1/7/2003 do not contain lead, mercury, cadmium or hexavalent chromium.

EU Directive 2002/95/EC (entry into force 13/2/2003) tried to approximate the laws
of the Member States on the restrictions of the use of hazardous substances in electrical
and electronic equipment and to contribute to the protection of human health and the
environmentally sound recovery and disposal of waste electrical and electronic equip-
ment. This Directive does not apply to spare parts for the repair or to the re-use of elec-
trical and electronic equipment put on the market before 1/7/2006. Member States shall
ensure that, from 1/7/2006, new electrical and electronic equipment put on the market
does not contain lead, mercury, cadmium, hexavalent chromium, PBBs or PBDEs.

The aim of EU Directive 2002/96/EC (entry into force 13/2/2003) is the prevention
of waste electrical and electronic equipment (WEEE) and the re-use, recycling and
other forms of recovery of such wastes so as to reduce the disposal of waste. It also
seeks to improve the environmental performance of all operators involved in the life
cycle of electrical and electronic equipment. Member States shall encourage the
design and production of electrical and electronic equipment which take into account
and facilitate dismantling and recovery, in particular the re-use and recycling of
WEEE, their components and materials. They shall adopt appropriate measures in
order to minimize the disposal of WEEE and to achieve a high level of separate collec-
tion of WEEE.

All the EU Directives, Proposals for a Directive and Green Paper dealing with
waste management — specific waste are given in Table 4.10.

Waste management - incineration of waste

The objective of EU Directive 94/67/EC (entry into force 31/12/1994) was to provide
for measures and procedures to prevent or, where that is not practical, to reduce as far
as possible, negative impact on the environment, in particular the pollution of air, soil,
surface and groundwater, and the resulting risks to human health, from the incinera-
tion of hazardous waste and, to that end, to set up and maintain appropriate operating
conditions and emission limit values for hazardous waste incineration plants within
the Community. It applies without prejudice to other relevant Community legislation,
in particular relating to waste and the protection of the health and safety of workers at
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Table 4.10 EU Directives, Proposals for a Directive and Green Paper (main points and comments) dealing with waste

management — specific waste

Directive

EU 75/439/EEC
(entry into force
18/6/1977)

EU 78/176/EEC
(entry into force
21/2/1979)

EU 82/883/EEC
(entry into force
9/12/1984)

EU 86/278/EEC
(entry into force
18/6/1986)

EU 91/157/EEC
(entry into force
25/3/1991)

Title

The disposal of waste oil

Titanium dioxide
industrial waste

Procedures for the
surveillance and
monitoring of
environments
concerned by waste
from the titanium
dioxide industry

The protection of the
environment, and in
particular of the soil,
when sewage sludge is
used in agriculture

Batteries and
accumulators
containing certain
dangerous substances

Main points

Application to any mineral-based lubrication or
industrial oils

Any discharge into inland surface water, ground-
water, territorial seawater and drainage systems,
any deposit and/or discharge harmful to the soil
and any uncontrolled discharge of residues
resulting from the processing of waste oils and
any processing causing air pollution which
exceeds the level prescribed by existing
provisions is prohibited

No authorization for mixing of waste oils with
PCBs and PCTs or with toxic and dangerous
wastes

Waste-disposal procedures take due account of
human health and environmental considerations
Any discharge, dumping, storage, accumulation
or injection of waste will require prior
authorization by the competent Member State
authority

Programs for the gradual reduction, and
ultimate elimination, of pollution caused by
waste from old manufacturing facilities

Application for discharge into water, the

land surface, underground strata and the air
of waste from the manufacture of titanium
dioxide

Surveillance and monitoring of the
environments affected

Flooding or natural disaster or on account of
exceptional weather conditions

Limit values for concentrations of heavy metals
in the soil, in sludge and for the maximum
annual quantities of heavy metals

Use of sewage sludge is prohibited if the
concentration of one or more heavy metals in
the soil

Sludge must be treated before being used in
agriculture

Alkaline batteries designed for prolonged use in
extreme conditions and containing more than
0.05% by weight of mercury and any other
alkaline battery with a mercury content of more
than 0.025% by weight

Batteries of the ‘button’ type or those composed
of elements of the ‘button’ type

Programs aimed primarily at reducing the
heavy-metal content of batteries and
accumulators

Comments

Amendments - Directive
~ EU 87/101/EEC (entry
into force 1/1/1990)
> EU 91/692/EEC (entry
into force 1/1/1995)
> EU 2000/76/EC (entry

into force 28/12/2000)
® Amendment and
correction of articles

Amendments - Directive

> EU 82/883/EEC (entry
into force 9/12/1984)

~ EU 83/29/EEC (entry
into force 28/1/1983)

> EU 91/692/EEC (entry
into force 1/1/1993)

® Correction of articles

Amendments

> Regulation No 807/2003
(entry into force
5/6/2003)

® Amendment of the annex

Amendments

> Directive EU 93/86/EEC
(entry into force
11/10/1993)

> Directive EU 98/101/EC
(entry into force
25/1/1999)

® Amendment of annexes

(Continued)
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Table 4.10

(Continued)

Directive

EU 92/112/EEC
(entry into force

15/6/1993)

EU 94/62/EC
(entry into force
31/12/1994)

EU 96/59/EC
(entry into force
16/9/1996)

EU 2000/53/EC
(entry into force
21/10/2000)

EU 2002/95/EC
(entry into force
13/2/2003)

EU 2002/96/EC
(entry into force
13/2/2003)

Title

Procedures for
harmonizing the
programs for the
reduction and
eventual elimination
of pollution caused
by waste from the
titanium dioxide
industry

Packaging and
packaging waste

The disposal of
polychlorinated
biphenyls and
polychlorinated
terphenyls (PCBs/PCTs)

End-of-life vehicles

The restriction of

the use of certain
hazardous substances
in electrical and
electronic equipment

Waste electrical and
electronic equipment

Main points

Application for solid waste, strong acid waste,
weak acid waste, neutralized waste, treatment
waste and dust

Dumping of any waste from ships or aircrafts
Discharges into territorial waters and the high
sea of solid waste and strong acid waste from
existing industrial establishments

Discharges into the atmosphere are reduced
in accordance with the limit values

All packaging waste, whether it is used or
released at industrial, commercial, office, shop,
service, household or any other level, regardless
of the material used

Member States must introduce systems for the
return and/or collection of used packaging to
attain specific targets

No later than 31/12/2007, the European
Parliament and the Council will fix targets

for 2009-2014

Necessary measures ensure that used PCBs
are disposed of and PCBs and equipment
containing PCBs are decontaminated or
disposed of

Inventories must be compiled of equipment
with PCB volumes of more than 5 dm?

Any equipment which is subject to inventory
must be labeled

Member States must prohibit the separation
of PCBs from other substances

Directive covers any end-of-life vehicle and
two- or three-wheel motor vehicles and their
components

Waste prevention

Provisions on the collection of all end-of-life
vehicles

Member States must ensure that producers
use material coding standards

Directive covers the same scope as the Directive
on waste electrical and electronic equipment.

It also applies to electric light bulbs and
luminaires in households

From 1/7/2006, lead, mercury, cadmium,
hexavalent chromium, PBBs and PBDEs in
electrical and electronic equipment must be
replaced by other substances

Specific categories of electrical and electronic
equipment

Comments

Amendments

> Directive EU 2004/12/EC
(entry into force
18/2/2004)

> Directive EU 2005/2/EC
(entry into force
5/4/2005)

® Amendment of articles

Repeal
> Directive EU 76/403/EEC

Amendments

> Decision 2002/525/EC
(entry into force
1/1/2003)

® The City of Cork shall be
designated as the
European Capital of
Culture 2005

> Decision 2005/63/EC

® Replacement of an
article

Amendment

> Directive EU
2003/108/EC
(entry into force
31/12/2003)

® Replacement of annexes

Amendment
> Directive EU
2003/108/EC
(Continued)
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Table 4.10  (Continued)

Directive Title Main points Comments
® Disposal of waste electrical and electronic (entry into force
equipment (WEEE) as unsorted municipal 31/12/2003)
waste and are to set up separate collection
systems for WEEE
Producers of electrical and electronic ® Replacement of annexes
equipment must apply the best available
treatment, recovery and recycling techniques
COM(2003) Proposal for a Directive Application for waste resulting from extraction,
319 final of the European processing and storage of mineral resources and
Not published Parliament and of the the working of quarries
in the Official Council on the Operators of the waste facility draw up a waste
Journal management of waste management plan
from the extractive Operator of a waste management facility takes
industries the measures necessary to prevent water and
soil contamination
COM(2004) Proposal for a Re-use of some component parts in the Amendment
162 final European Parliament construction of new vehicles is banned > Directive EU 70/156/EEC
Not published and Council Directive Application for cars, station wagons and people ® Replacement of articles
in the Official of 11 March 2004 on carriers and to light-duty trucks, new models
Journal the type-approval of and models already in production

Green Paper of’

motor vehicles with
regard to their
re-usability, recyclability
and recoverability

Environmental issues

No application for special purpose vehicles, for
multi-stage built light-duty vehicles or for
vehicles produced in small series

Two main questions: (a) environmental and health

26 July 2000 of PVC questions concerning the use of certain additives

in PVC and (b) the question of waste management

® Presentation of a range of policy options for
reducing the impact on human health and the
environment

Adapted from Arvanitoyannis et al., 2006¢c

incineration plants. Permits shall be granted only if the application shows that the
incineration plant is designed, equipped and will be operated in such a manner that the
appropriate preventive measures against environmental pollution will be taken.

The aim of EU Directive 2000/76/EC (entry into force 28/12/2000) was to prevent
or to limit, as far as practicable, negative effects on the environment, in particular pol-
lution by emissions into air, soil, surface water and groundwater, and the resulting risks
to human health, from the incineration and co-incineration of waste. It covers inciner-
ation and co-incineration plants. The following plants shall however be excluded:

1 plants treating vegetable waste from agriculture and forestry, vegetable waste from
the food processing industry, fibrous vegetable waste from virgin pulp production
and from production of paper from pulp, wood waste, cork waste, radioactive waste,
animal carcases, waste resulting from the exploration for, and the exploitation of,
oil and gas resources.
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Table 4.11  EU Directives (main points and comments) for waste management - incineration of waste

Directive Title Main points Comments
EU 94/67/EC The incineration of ® Before an incineration plant can become The Directive will be
(entry into force hazardous waste operational repealed on 28/12/2005
31/12/1994) ® Analytical report each time waste is delivered by EU Directive 200/76/EC,
® General and specific conditions governing the relating to the incineration
design and operation of incineration plants of waste

® Emission threshold values comparable to those
obtainable with the best available technologies

EU 2000/76/EC The incineration of waste ® Directive does not cover experimental plants for Repeals

(entry into force improving the incineration process > Directive EU 89/369/EEC

28/12/2000) ® All incineration or co-incineration plants must be > Directive EU 89/429/EEC
authorized

® Limit values for incineration plant emissions to
atmosphere

® Quantity and harmfulness of incineration
residues must be reduced to a minimum and
residues must be recycled

Adapted from Arvanitoyannis et al., 2006¢

2 experimental plants used for research, development and testing in order to improve
the incineration process and which treat less than 50 tonnes of waste per year. No
incineration or co-incineration plant shall operate without a permit to carry out these
activities. Incineration plants shall be operated in order to achieve a level of inciner-
ation such that the slag and bottom ashes total organic carbon (TOC) content is less
than 3% or their loss on ignition is less than 5% of the dry weight of the material.

A summary of the EU Directives related to waste management — incineration of waste
is found in Table 4.11.

Waste management — hazardous waste

The object of Directive 91/689/EEC (entry into force 19/12/1991) was to approximate
the laws of the Member States on the controlled management of hazardous waste.
Member States shall take the necessary measures:

1 to require that on every site where tipping of hazardous waste takes place the waste
is recorded and identified

2 to require that establishment and undertaking which dispose of, recover, collect or
transport hazardous waste do not mix different categories of hazardous waste or
mix hazardous waste with non-hazardous waste

3 to ensure that, in the course of collection, transport and temporary storage, waste is
properly packaged and labeled.

Decision 93/98/EEC (entry into force 1/1/1993): the Convention (text attached as
Annex to the Decision) aimed at introducing a system for controlling the export,
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import and disposal of hazardous wastes, to reduce the volume of such exchanges so
as to protect human health and the environment. A transboundary movement is any
movement of hazardous wastes or other wastes from an area under the national juris-
diction of one State to or through an area under the national jurisdiction of another
State. General obligations:

1 it is prohibited to export or import hazardous wastes or other wastes to or from a
non-party State

2 no wastes may be exported if the State of import has not given its consent in writ-
ing to the specific import

3 information about proposed transboundary movements must be communicated to
the States concerned, by means of a notification form, so that they may evaluate the
effects of the proposed movements on human health and the environment

4 transboundary movements of wastes must only be authorized where there is no dan-
ger attaching to their movement and disposal

5 wastes which are to be the subject of a transboundary movement must be packaged,
labeled and transported in conformity with international rules, and must be accom-
panied by a movement document from the point at which a movement commences
to the point of disposal

6 any party may impose additional requirements that are consistent with the provi-
sions of the Convention.

A summary of the EU Directive and Decisions related to waste management — haz-
ardous waste is given in Table 4.12.

Waste management - radioactive waste and substances

Regulation (EC) No 1493/93 (entry into force 9/7/1993) shall apply to shipments,
between Member States, of sealed sources and other relevant sources, whenever the
quantities and concentrations exceed the levels laid down. It shall also apply to ship-
ments of radioactive waste between Member States. A holder of sealed sources or
radioactive waste who intends to carry out a shipment of such sources or waste, or to
arrange for such a shipment to be carried out, shall obtain a prior written declaration
by the consignee of the radioactive substances to the effect that the consignee has
complied, in the Member State of destination, with all applicable provisions and
with relevant national requirements for safe storage, use or disposal of that class of
source or waste.

The Proposal for a Council Directive (Euratom) on the management of spent
nuclear fuel and radioactive waste (COM(2003) 32 final — not published in the Official
Journal) shall apply to all stages of spent nuclear fuel management and obliges
Member States to:

1 take all necessary measures to ensure that spent nuclear fuel and radioactive waste
are managed in such a way that individuals, society and the environment are pro-
tected against radiological hazards
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Table 4.12 EU Directive and Decisions (main points and comments) related to waste management — hazardous waste

Directive

EU 91/689/EEC
(entry into force

19/12/1991)

Decision
93/98/EEC
(entry into force
1/1/1993)

Decision
97/640/EC
(entry into force
22/6/1997)

Title

Hazardous waste

The conclusion, on

behalf of the Community,
of the Convention on the
control of transboundary
movements of hazardous
wastes and their disposal
(Basle Convention)

The approval, on behalf
of the Community, of
the amendment to the
Convention on the
control of transboundary
movements of hazardous
wastes and their disposal
(Basle Convention)

Adapted from Arvanitoyannis et al., 2006¢

Main points

Comments

Amendment

> Directive EU 94/31/EC
(entry into force
22/7/1994)

® Substitution
of an article

List of the hazardous wastes covered by the
Directive

Any establishment or undertaking which carries
out disposal operations must obtain a permit
Competent authorities publish plans for the
management of hazardous waste and the
Commission evaluates these plans

EEC approves the Convention on the control
of transboundary movements of hazardous
wastes and their disposal

Introducing a system for controlling the export,
import and disposal of hazardous wastes and
their disposal, to reduce the volume of such
exchanges so as to protect human health and
the environment

Establishment of notification procedures
regarding transboundary movements between
parties and transboundary movements from a
party through the territory of States which are
not parties

2 ensure that the production of radioactive waste is kept to the minimum level possible
3 take all the necessary legislative, regulatory and administrative measures and other
steps required to ensure the safe management of spent nuclear fuel and radioactive

waste

4 establish or designate a regulatory body entrusted with the implementation of the

legislative and regulatory framework

5 guarantee adequate financial resources to support the management of spent nuclear

fuel

6 ensure effective public information.

Council Directive 92/3/Euratom of 3 February 1992 referred to the supervision and
control of shipments of radioactive waste between Member States and into and out of
the Community whenever the quantities and concentration exceed the levels laid
down. A holder of radioactive waste who intends to carry out a shipment of such
waste or to arrange for such a shipment to be carried out should submit an application
for authorization to the competent authorities of the country of origin. These compe-
tent authorities sent such applications for approval to the competent authorities of the
country of destination and of the country or countries of transit, if any. Where waste
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falling within the scope of this Directive was to enter the Community from a third
country and the country of destination is a Member State, the consignee shall submit
an application for authorization to the competent authorities of that Member State.
Where a sealed source was returned by its user to the supplier of the source in another
country, its shipment should not fall within the scope of this Directive.

Communication and fourth report from the Commission of 11 January 1999 on the
present situation and prospects for radioactive waste management in the EU contained
detailed information on the waste arising from the first three activities in five year
periods up to year 2020 for all Member States, and general information on the pro-
cessing of material. The report distinguishes between:

1 low and intermediate-level waste (non-heat-generating) of both short (up to 30
years) and long half-life

2 high-level waste, which includes vitrified residues from reprocessing and condi-
tioned spent fuel declared as being radioactive waste.

The titles, main points and comments of the EU Regulation, Proposal for a Directive
and Communication about waste management — radioactive waste and management
are summarized in Table 4.13.

Air pollution

Air pollution became a serious and widespread problem during the last century. There
have been several documented episodes of air pollution in which loss of human lives
occurred. In 1931, in the heavily industrialized area of Manchester (UK), more than
500 people lost their lives by being exposed to particulates and acids in the air. In 1948,
in the steel town of Donora, Pennsylvania (USA), about 20 people died and several
thousand became ill from the effects of airborne contaminants. In 1994, an estimated
3000 cancer deaths annually were attributed to second hand tobacco smoke alone (Ray,
1995). Organic pollutants in terrestrial environments are of concern because of poten-
tial environmental changes caused by direct adverse effects on the indigenous animal
populations and because of the potential transmission of these compounds to humans
through the food chain. These two situations may lead to two different evaluations of a
given level of environmental contamination. In the case of potential human exposure,
the primary concern often is the exposure to potential mutagens and carcinogens.
These materials are of more serious consequence to humans than to animal species
because medical science allows the retention of many adverse mutations in the human
(Fries, 1991). The atmosphere, which makes up the largest fraction of the biosphere, is
a dynamic system that continuously absorbs a wide range of solids, liquids and gases
from both natural and man-made sources. These substances travel through air, disperse
and react with one another and with other substances both physically and chemically.
Most of these constituents eventually find their way into a depository such as the ocean,
or to a receptor such as man. Some substances, such as helium, however, escape from
the biosphere. Others, such as carbon dioxide, may enter the atmosphere faster than
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Table 4.13 EU Regulation, Proposal for a Directive and Communication (main points and comments) for waste

management - radioactive waste and management

Directive

Regulation (EC)

Title

Shipments of radioactive substances

Main points

Shipments between Member States of sealed sources and

No 1493/93 between Member States other relevant sources

(entry into force ® Shipments of radioactive waste between Member States

9/7/1993) ® Shipment of certain substances

COM(2003) 32 final Proposal for a Council Directive ® All stages of spent nuclear fuel management

Not published in (Euratom) on the management of spent ® National programs for the disposal of radioactive waste in

the Official Journal nuclear fuel and radioactive waste general and deep disposal of high-level radioactive waste
® Shipments of radioactive waste or spent fuel to another

Member State or third country

Council Directive Regarding the supervision and control ® Shipments of radioactive waste between the Member
92/3/Euratom of of shipments of radioactive waste States and shipments entering and/or leaving the
3 February 1992 between Member States and into and Community
out of the Community ® Mandatory system of notification and a uniform control
document for the transfer of radioactive waste
® All shipments of radioactive waste between Member States

and into and out of the Community

Communication and The present situation and prospects for ® Strategy towards public safety and environmental
fourth report from radioactive waste management in the protection
the Commission of European Union ® |ts approach is one of harmonization at Community level
11 January 1999 of radioactive waste management principles and practices
to ensure an equivalent and acceptable level of safety
® Radioactive waste results from four types of activity:

nuclear electricity generation, the operation of research
reactors, the use of radiation and radioactive material
in medicine, agriculture, industry and research and
processing of material containing natural radionuclides

Adapted from Arvanitoyannis et al., 2006c

they enter a reservoir and thus gradually accumulate in the air (Rao and Rao, 1989). Air
consists of nitrogen, oxygen, water vapor and inert gases. Human activities can release
substances into the air, some of which can cause problems for humans, plants and
animals. There are several main types of pollution including smog, acid rain, the green-
house effect and ‘holes’ in the ozone layer (www.lbl.gov/Education/ELSI/pollution-
main.html). Moreover, air pollution can have disastrous consequences on agriculture
close to pollutant sources. Such impacts on agricultural productivity can have serious
implications where problems of food scarcity exist (www.geocities.com/sebindia/
01_04/04-04-1.html). The effects of air pollution on health are very complex as there
are many different sources and their individual effects vary from one to another. Air
pollution is aggravated because of increasing traffic, growing cities, rapid economic
development and industrialization (http://edugreen.teri.res.in/explore/air/air.htm).
Pollutants can be classified as either primary or secondary. Primary pollutants are sub-
stances directly produced by a process, while secondary pollutants are not emitted.
They are formed in the air when primary pollutants react or interact (http://www.epa.
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nsw.gov.au/envirom/princairpol.htm). Major air pollutants include carbon monoxide
(CO), carbon dioxide (CO,), chlorofluorocarbons (CFC), lead (Pb), ozone (Os), nitro-
gen oxides (NO,), suspended particulate matter (SPM) and sulfur dioxide (SO,)
(http://edugreen.teri.res.in/explore/air/air.htm). Organic priority pollutants, defined by
the United States Environmental Protection Agency (USEPA) and the European
Community (EC), include organochlorine pesticides, polychlorinated biphenyls (PCBs),
halogenated aliphatic hydrocarbons, halogenated ethers, monocyclic aromatics, phtha-
late acid esters, polynuclear aromatic hydrocarbons (PAHs) and other miscellaneous
compounds. Many of these pollutants come from industrial sources, i.e. petroleum
refining, organic chemicals and synthetic industries, still milling and coal conversion,
textile processing and pulp and paper milling (Wild and Jones, 1991). The Clean Air
Act lists 188 toxic air pollutants as hazardous. Some toxic air pollutants remain in the
environment for only short periods of time. On the other hand, other toxic air pollutants,
break down slowly in the environment and can be redeposited many times. Additionally,
they build up in the body and concentrate as they rise through the food chain
(www.healthfoods.com/Education/Environment_Information/Air_Pollution/toxic_
air_pollutants.htm). There are three methods of identifying air pollution:

1 sensory recognition
2 physical measurement of pollution
3 effects on plants, animals and buildings (Rao and Rao, 1989).

In an attempt to reach a significant reduction in air pollution, the United Nations
Framework Convention on Climate Change (1992) and the Kyoto Protocol (1997)
were adopted. In order to make progress towards the target, the Community has
approved a program on climate change and a communication on its implementation
(COM(2001) 580). The Commission further published a Green Paper on greenhouse
gas emissions trading within the EU. The Community is also a party to the Geneva
Convention on Long-Range Transboundary Air Pollution (Decision 81/462/EEC) and
to the International Protocols on Acidifying Substances which complement that
Convention. Community legislation in this field is principally aimed at reducing emis-
sions from industrial activities and road vehicles. Where transport is concerned, the
strategy is to reduce polluting emissions, to reduce the fuel consumption of private
cars and to promote clean vehicles. In an attempt to improve air quality, a global strat-
egy was adopted in May 2001 and several Directives have been or are being adopted
(http://europa.eu.int/scadplus/leg/en/lvb/128066.htm).

Air pollution - air quality

EU Directive 82/884/EEC (entry into force 9/12/1982) fixed an upper limit value for
lead in the air specifically in order to help protect human beings against the effects of
lead in the environment and shall not apply to occupational exposure. The limit value
was 2mg Pb/m? expressed as an annual mean concentration. Member States shall
ensure that sampling stations are installed and operated at places where individuals
may be exposed continually for a long period.



Presentation and Comments on EU Legislation Related to Food Industries 195

The purpose of EU Directive 85/203/EEC (entry into force 26/3/1985) was to fix an
upper limit value for nitrogen dioxide in the atmosphere to help protect human beings
against the effects of nitrogen dioxide in the environment and to lay down guide val-
ues for nitrogen dioxide in the atmosphere in order to improve the protection of human
health and contribute to the long-term protection of the environment. The Directive
has no application for exposure at work or inside buildings. Member States shall take
the necessary measures to ensure that as from 1/7/1987 the measured concentrations
of nitrogen dioxide in the atmosphere are not greater than the limit value.

The general aim of EU Directive 96/62/EC (entry into force 21/11/1996) was to
define the basic principles of a common strategy to:

1 define and establish objectives for ambient air quality in the Community designed
to avoid, prevent or reduce harmful effects on human health and the environment as
a whole

2 assess the ambient air quality in Member States on the basis of common methods
and criteria

3 obtain adequate information on ambient air quality and ensure that it is made avail-
able to the public, inter alia by means of alert thresholds

4 maintain ambient air quality where it is good and improve it in other cases.

The atmospheric pollutants to be taken into consideration in the assessment and man-
agement of ambient air quality are: sulfur dioxide, nitrogen dioxide, fine particulate
matter such as soot, suspended particulate matter, lead, ozone, benzene, carbon
monoxide, polyaromatic hydrocarbons, cadmium, arsenic, nickel and mercury. When
the alert thresholds are exceeded, Member States shall undertake to ensure that the
necessary steps are taken to inform the public.

The object of EU Directive 1999/30/EC (entry into force 19/7/1999) was to:

1 establish limit values and, as appropriate, alert thresholds for concentrations of sul-
fur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in
ambient air intended to avoid, prevent or reduce harmful effects on human health
and the environment as a whole

2 assess concentrations of sulfur dioxide, nitrogen dioxide and oxides of nitrogen, par-
ticulate matter and lead in ambient air on the basis of common methods and criteria

3 obtain adequate information on concentrations of sulfur dioxide, nitrogen dioxide
and oxides of nitrogen, particulate matter and lead in ambient air and ensure that it
is made available to the public

4 maintain ambient air quality where it is good and improve it in other cases.

Member States shall ensure that up-to-date information on ambient concentrations of
sulfur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead is
routinely made available to the public as well as to appropriate organizations such as
environmental organizations and consumer organizations.

EU Directive 2001/81/EC (entry into force 27/11/2001) aims at limiting emissions
of acidifying and eutrophying pollutants and ozone precursors in order to improve the
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protection in the Community of the environment and human health against risks of
adverse effects from acidification, soil eutrophication and ground-level ozone and to
move towards the long-term objectives of not exceeding critical levels and loads and
of effective protection of all people against recognized health risks from air pollution
by establishing national emission ceilings, taking the years 2010 and 2020 as bench-
marks. It covers emissions in the territory of Member States and their exclusive eco-
nomic zones from all sources of the pollutants which arise as a result of human
activities. By the year 2010 at the latest, Member States shall limit their annual national
emissions of the pollutants sulfur dioxide (SO,), nitrogen oxides (NO,), volatile
organic compounds (VOC) and ammonia (NH3) to amounts not greater than the emis-
sion ceilings laid down.

Regulation (EC) No 2037/2000 (entry into force 30/9/2000) applies to the produc-
tion, importation, exportation, placing on the market, use, recovery, recycling and
reclamation and destruction of chlorofluorocarbons, other fully halogenated chloro-
fluorocarbons, halons, carbon tetrachloride, 1,1,1-trichloroethane, methyl bromide,
hydrobromofluorocarbons and hydrochlorofluorocarbons, to the reporting of informa-
tion on these substances and to the importation, exportation, placing on the market
and use of products and equipment containing those substances. The production of the
previous substances shall be prohibited. The release for free circulation in the
Community or inward processing of controlled substances shall be subject to the pres-
entation of an import licence. Controlled substances contained in:

1 refrigeration, air-conditioning and heat pump equipment, except domestic refriger-
ators and freezers

2 equipment containing solvents

3 fire protection systems and fire extinguishers shall be recovered for destruction by
technologies approved by the Parties or by any other environmentally acceptable
destruction technology, or for recycling or reclamation during the servicing and
maintenance of equipment or before the dismantling or disposal of equipment.

CFCs are categories of one of the substances depleting the ozone layer whose produc-
tion and consumption was prohibited in the Community in 1995. However, they are
still available for use in metered dose inhalers for the treatment of asthma and chronic
obstructive pulmonary disease (COPD) by virtue of a derogation for essential uses
provided for in the Montreal Protocol and in Regulation (EC) No 3093/94. The
Communication aimed at presenting a transitional strategy for the phaseout of CFCs
in metered dose inhalers. As soon as technically and economically acceptable substi-
tute solutions are available, CFCs will have to be withdrawn. A certain number of
inhalers without CFCs have already been successfully placed on the Community
market. It also promoted the early transition of all patients in the Community to treat-
ments without CFCs.

Decision 97/101/EC (entry into force 1/1/1997) established a reciprocal exchange
of information and data from networks and individual stations measuring ambient air
pollution. It should apply to networks and stations, covering detailed information describ-
ing the air-pollution monitoring networks and stations operating in the Member States
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and measurements of air quality obtained from stations. The information to be com-
municated to the Commission should concern the characteristics of the measurement
stations, the measurement equipment and the operational procedures followed in those

stations and the structure and organization of the network to which they belong.

Decision 2001/379/EC aims at controlling emissions of heavy metals caused by
anthropogenic activities that are subject to long-range transboundary atmospheric
transport and that are likely to have significant adverse effects on human health or the
environment. It stipulates the reduction of total annual emissions into the atmosphere

of cadmium, lead and mercury, and the application of product control measures.

All the EU Directives, Regulation, Communications and Decisions related to air
pollution — air quality are given in Table 4.14.

Table 4.14 EU Directives, Regulation, Communications and Decisions (main points and comments) focused on air pollution -

air quality

Directive

EU 82/884/EEC
(entry into force
9/12/1982)

EU 85/203/EEC
(entry into force
26/3/1985)

EU 96/62/EC
(entry into force
21/11/1996)

EU 1999/30/EC
(entry into force
19/7/1999)

Title

Limit value for lead in
the air

Air quality standards for
nitrogen dioxide

Ambient air quality
assessment and
management

Limit values for sulfur
dioxide, nitrogen dioxide
and oxides of nitrogen,

Main points

® Limit value for lead in the air and a

sampling method and procedure
Monitoring the areas where persons
may continuously be exposed to lead
during a long period

Member States shall inform the
Commission annually of areas where the
limit value has been exceeded

Limit value which may not be exceeded
throughout the Member States during
specified periods and guide values
specified

Reference method for analyzing
concentrations of nitrogen dioxide and
specifications for the measuring stations

Strategy for establishing quality
objectives for ambient air

Limit values and alert thresholds for
sulfur dioxide, nitrogen dioxide and
oxides of nitrogen, particulate matter

and lead-benzene and carbon monoxide-

ozone-PAH, cadmium, arsenic, nickel
and mercury

Program for attaining limit values a set
deadline

A list of the areas and conurbations
where pollution levels exceed the limit
values

Council adopted limit values and alert
thresholds for a number of specific
pollutants

Comments

Amendment

> Directive EU 91/692/EEC
(entry into force 23/12/1991)

® Replacement of articles

On 19/7/2001, the Directive
was partly repealed by Directive
EU 1999/30/EC relating to limit
values for sulfur dioxide, nitrogen
dioxide and oxides of nitrogen,
particulate matter and lead in
ambient air. It will be fully
repealed in 2010

Amendment
> Regulation (EC) No
1882/2003
(entry into force 20/11/2003)
® Amendment of articles

Amendment
~ Decision 2001/714/EC
(entry into force 2/10/2001)

(Continued)
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Table 4.14  (Continued)

Directive Title Main points Comments

particulate matter and ® Member States must ensure that ® Amendment of annex V

lead in ambient air up-to-date information on ambient relating to limit values for
concentrations of pollutants is routinely sulfur dioxide, nitrogen
made available to the public and to dioxide and oxides of
appropriate bodies nitrogen, particulate matter

and lead in ambient air
Repeals

> Directive EU 80/779/EEC on
air quality limit values and
guide values for sulfur dioxide
and suspended particulates

> Directive EU 82/884/EEC on a
limit value for lead in the air

> Directive EU 85/203/EEC on
air quality standards for
nitrogen dioxide

EU 2001/81/EC National emission ceilings ® Purpose of the emission ceilings is to
(entry into force for certain atmospheric meet specific interim environmental
27/11/2001) pollutants objectives
® Programs for the progressive reduction
of their annual national emissions
® Update national emission inventories
and emission projections for SO,, NO,,
VOC and NH;3
® Commission must report to the
European Parliament and the Council
on progress on the implementation
of the ceilings

Regulation (EC) Substances that deplete ® Application for the production, Amendments - Regulation (EC)
No 2037/2000 the ozone layer importation, exportation, placing on > No. 2038/2000
(entry into force the market, use, recovery, recycling (entry into force 30/9/2000)
30/9/2000) and/or regeneration of specific ® Addition in an article
substances, the information to be > No. 2039/2000
notified concerning these substances, (entry into force 30/9/2000)
inspections and penalties and new ® Addition in an article
substances Repeal
® Phased restriction on the use, placing > Regulation (EC) No 3093/94

on the market, production and
importation of virgin HCFCs

® Minimum training requirements for
personnel responsible for maintaining
equipment containing those substances

by 31/12/2001
Communication  The phaseout of CFCs in ® As soon as technically and economically
from the metered dose inhalers acceptable substitute solutions are
Commission to available, CFCs will have to be
the European withdrawn

Parliament and
to the Council

of 23 October

1998

(Continued)
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Table 4.14  (Continued)

Directive Title

Decision Establishment of a

97/101/EC reciprocal exchange of

(entry into force information and data

1/1/1997) from networks and
individual stations
measuring ambient air
pollution within the
Member States

Decision Long-range transboundary

2001/379/EC air pollution on heavy

The approval, on  metals

behalf of the

European

Community, of
the Protocol to
the 1979
Convention

Adapted from Arvanitoyannis et al., 2006b

Air pollution - motor vehicles

Main points

® Introduction of a reciprocal exchange

Comments

Amendment

> Decision 2001/752/EC
(entry into force 26/10/2001)

® Replacement of annexes

of information and data relating to the
networks and stations set up in the
Member States to measure air pollution
and to the air quality measurements
taken by those stations

All data to be sent by the Member
States to the Commission

To reduce emissions from heavy metals
caused by anthropogenic activities that
are subject to long-range transboundary
atmospheric transport and are likely to
have serious adverse effects on human
health and the environment

Signatory parties will encourage research
and development, monitoring and
cooperation with regard to heavy metals

EU Directive 70/220/EEC states that no Member State may refuse to grant EEC type
approval or national type approval of a vehicle on grounds relating to air pollution by
gases from positive-ignition engines of motor vehicles. The Member State which has
granted type approval shall take the necessary measures to ensure that it is informed
of any modification of a part or characteristic referred.

EU Directive 88/77/EEC (entry into force 16/12/1987) claimed that, from 1/7/1988,
no Member State may, on grounds relating to the gaseous pollutants emitted from an
engine:

1 refuse to grant EEC type-approval

2 prohibit the registration, sale, entry into service or use of such new vehicles

3 refuse to grant EEC type-approval, or to grant national type-approval for a type of
diesel engine

4 prohibit the sale or use of new diesel engines.

From 1/7/1988, Member States may, on grounds relating to gaseous pollutants emit-
ted from an engine:

1 refuse to grant national type-approval for a type of vehicle propelled by a diesel
engine
2 refuse to grant national type-approval for a diesel-engine type.
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EU 93/12/EEC should not apply to gas oils: contained in the fuel tanks of vessels, air-
craft or motor vehicles crossing a frontier between a third country and a Member State
or intended for processing prior to final combustion. Member States shall prohibit the
marketing of diesel fuels in the Community if their sulfur compound content exceeds
2% by weight as from 1/10/1994 or 0.05% by weight as from 1/10/1996.

EU Directive 97/68/EC (entry into force 16/12/1987) aims 