Unit 6: Life Cycle Assessment (LCA) as EM Tool

Environmental Management

Unit 6: Life Cycle Assessment (LCA) 


· Authoritative panels: An authoritative panel can be made up of lay people, experts, representatives of governments, international bodies, etc. The credibility of a panel can be improved by using LCA experts from different societal groups as panellists, peer review sets of valuation criteria and the rules for their application, and a transparent ranking technique, and the documentation of the arguments leading to the final valuation (Volkvein, et. al., 1996). 

In the impact assessment step of an LCA, the inventory of chemical and physical releases is translated into an environmental profile and the resources consumed are divided into renewable and non-renewable. Table 6.1 illustrates environmental releases and resource consumption: 

Table 6.1

Quantitative Inventories of Environmental Releases and Resources Consumptions for the Production of 1 MJ Heat from Various Fossil Fuels

	Emission type
	Unit
	Coal
	Heavy fuel
	Natural gas
	Wood
	Straw

	Carbon dioxide, CO2
	g/MJ
	96
	80
	56
	98a
	99a

	Carbon monoxide, CO
	mg/MJ
	50
	10
	150
	6000
	4500

	Sulphur dioxide, SO2
	mg/MJ
	650
	500
	1
	33
	110

	Nitrogen oxides, NOx
	mg/MJ
	500
	240
	350
	50
	130

	Volatile organic compounds, VOC
	mg/MJ
	15
	7
	15
	1200
	-

	Polycyclic aromatic

Hydrocarbons, PAH
	mg/MJ
	2.0
	0.25
	0.13
	5000
	25

	Dioxins, PCDD, PCDF
	mg/MJ
	0.04
	-
	0
	-
	0.3

	Arsenic, As
	mg/MJ
	8
	2
	0.0
	5
	-

	Cadmium, Cd
	mg/MJ
	0.9
	0.7
	0.0
	10
	-

	Chromium, Cr
	mg/MJ
	4
	1.2
	0.0
	50
	-

	Mercury, Hg
	mg/MJ
	1.7
	0.1
	0.0
	1
	0.0

	Nickel, Ni
	mg/MJ
	6
	400
	0.0
	-
	-

	Lead, Pb
	mg/MJ
	7.6
	25
	0.0
	200
	1.0

	Particles
	mg/MJ
	25
	1.3
	0
	45
	20

	Resource consumption 
	g/MJ
	39
	25
	23
	100
	67


Note that ‘a’ in the table above indicates that the fossil fuel does not contribute to the increase in the CO2 level of the atmosphere.

The environmental profile shows the potential contribution to all types of environmental effects that are considered important and undesirable. For each individual release listed in the inventory, its potential contributions are calculated and added to the overall contribution to the relevant effect type. Releases that do not contribute to any known effect type will not influence the environmental profile. The list is obviously subject to change due to developments in scientific knowledge, and, to a certain extent, political initiatives. The list should, therefore, be continually adjusted to accommodate such changes. Table 6.2 gives a list of the environmental effects that ought to be considered in an assessment:

Table 6.2

LCA: Environmental Effect Types*

	Global
	Global warming

Stratospheric ozone depletion

	Regional
	Acidification

Nutrient enrichment

Photochemical ozone formation (smog)

Chronic toxicity

	Local
	Acute toxicity

Area degradation, including:

· risks

· noise

· smell

Physical disturbances, including:

· soil erosion

· deterioration in landscape quality

· disturbance or destruction of habitats, and hence, ecosystems.


See also Case 6.2

Let us now work out Learning Activity 6.3, before we proceed any further. 


6.4.4 
Evaluating environmental profiles 

Evaluation involves a comparison of the alternatives studied (e.g., products, materials and projects), represented by the environmental, resource and the working environment profiles. The objective of the evaluation is to decide which alternative causes the least environmental damage from a life cycle point of view.

If one alternative is better in all the aspects considered, the evaluation is straightforward. In fact, this is often the case when a product is reviewed first with the purpose of reducing its environmental impacts. However, the evaluation situation gets complex when one alternative is better than the rest in some aspects, while another alternative is better in other aspects. This creates the need to give priorities to the different aspects of the loading profiles. For example, we may ask the questions:

· Which is more important – improving performance in the external environment or in the working environment?

· Is reducing the life cycle contribution to ozone depletion more important than diminishing the release of chemicals causing chronic toxicity?

Clearly, no objective answer can be given to questions like these that involve judgement of fundamentally incomparable items. The setting of the priorities involved in the evaluation step inevitably introduces subjective decisions into the LCA. It should be kept in mind that all the work conducted in LCA-steps leading up to the evaluation must be based on objective and scientific principles. The subjective decisions are hence confined to this last step.

When the inventory is complete and all the emissions listed are classified into environmental impact classes, and converted into common effect units, where possible, the result is an environmental profile for each of the alternatives examined, as shown in Figure 6.5: 

Figure 6.5

Environmental Profile of Two Product Alternatives
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Comparing the profiles, you may find that Alternative 1 contributes less than Alternative 2 to global warming, acidification and nutrient enrichment, while Alternative 2 contributes less to ozone depletion and acute toxicity.

It may be very difficult to weigh between different classes of environmental impacts. But, it will help, if you know which of the differences in contribution to the environmental effects are important and which are not. An example of the kind of question you may have to answer is: How does 15 kg of CO2 equivalents compare to 3 kg of CFC – 11 equivalents, or to 5 kg of SO2 equivalents?

To help in the comparisons of this nature, each of the contribution in the environmental profile may be divided by the emission from a suitable common emission scenario. This scenario may, for instance, be the environmental profile of the total emissions of your state or country. In this case, the resulting normalised environmental profile shown in Figure 6.6 indicates the size of the fraction of national emissions due to each of the environmental effect contributions:

Figure 6.6

Normalised Environmental Profiles of Figure 6.5
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The normalisation step is of particular relevance for comparing alternatives with complicated environmental profiles, i.e., the many different emissions that contribute to different impacts on the environment.

The last step of the LCA is the comparison of the normalised environmental profiles of the different alternatives. The outcome of the evaluation should be the selection of the alternative that performs best from an environmental protection viewpoint. 


 

6.5
DIFFERENT APPLICATIONS OF LCA

Applications for LCA can be broadly classified into private sector applications and governmental applications.  In Subsections 6.5.1 and 6.5.2, respectively, we will discuss these two applications. 

6.5.1 
Private sector applications

The use of LCA in the private sector varies greatly. To a large extent, this differentiation depends on where a given company is situated in the product chain and the key driver for the LCA activity, e.g., legislation or market competition. For business teams, the LCA tool should be used to understand the environmental issues associated with upstream and downstream processes as well as on-site processes.

In what follows in this Subsection, we will describe some of the concepts and tools in which LCA is an integral part.  

Product development

Using LCA in product development is an obvious choice, as a large part of the future environmental impacts of a product (system) is determined by the design and construction phase. By incorporating LCA in the design phase, companies have the possibility of avoiding or minimising foreseeable impacts compromising the overall quality of the product.

Product development may follow different concepts and routes. Figure 6.7 shows some of the common phases of most development methodologies: 

Figure 6.7 

Relationships Between the Designer’s Degree of Freedom and the Level of Information
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Adapted from Hanssen, 1995.

In the idea-phase, there is almost an unlimited number of possibilities with respect to design, choice of materials, function, etc. The number of options decreases with the development process and changes to the final product and the necessary productive tools often require a whole new development process. It is, therefore, necessary that relevant environmental tools are available and used as early as possible in the development process. For simple products, e.g., packaging, it is possible to apply a detailed and quantitative LCA, since the information on most of the commonly used materials is now available.

Marketing

Marketing is the traditional way of communicating product properties and capabilities, which are consistent with the consumer’s expectations and demands. As the level of environmental consciousness is increasing, the consumer pays more attention to the environmental properties of goods and services. There are four different kinds of environmental marketing. We will describe these, next. 

Environmental labelling (ISO Type-I labelling) 

An environmental label (eco-label) can be seen as a seal of approval for environmentally benign products and can, therefore, be attractive for marketing purposes. Eco-label, at the same time, conveys information to the consumer in a simple but not in an objective way, enabling individuals to include environmental concerns in their own decisions along with considerations for economy and quality.

The general objective of national and supranational eco-labelling scheme is to make products with less environmental impacts visible to the consumer. The success of an eco-labelling scheme, to a certain extent, is dependent on the number of product groups with an eco-label.

Environmental claims (ISO Type-II labelling)

An environmental claim is presently defined by ISO (ISO/DIS 14021 and ISO/CD 14022) as a “label or declaration that indicates the environmental aspects of a product or service that may take the form of statements, symbols or graphics on product or packaging labels, product literature, technical bulletins, advertising, publicity or similar applications”.

Environmental claims are often uni-dimensional and related to environmental issue of the year or month (e.g., lead-free gasoline, phosphate-free detergent, CFC free hair spray, etc.) Very few of such environmental claims are based on an LCA and, in many cases, focus on irrelevant issues, while failing to address those issues, which are important in a life cycle perspective.

Environmental declarations (ISO Type-III labelling)

Environmental declarations may be a tool in eco-marketing to transfer the results from a life cycle investigation of a product (either as a life cycle inventory or a life cycle assessment) to the individual decision-making process of a consumer. The general idea is to give a graphic presentation of a pre-set number of environmental impacts, e.g., by using a bar diagram. Two or more environmental declarations can, on the other hand, illustrate the actual difference between the products and, for environmentally conscious consumers, this can be a valuable supplement to choose between labelled products.

The use of LCA is, thus, a prerequisite for environmental declarations. Standardisation efforts have been initiated by ISO and includes requirements on methodology, transparency, external review, comparative assertions, labelling components, administrative guidelines and procedures governing the accreditation and conduct of type III labelling practitioners.

Organisational marketing

The classical marketing of environmental performance has mainly been oriented towards products. However, with the increasing number of companies being certified according to ISO 14001, EMAS or BS 7750, some marketing initiatives are being directed towards the environmental capabilities of the companies per se.

As organisations implement the necessary policies for certification, they also encourage formalising the implementation of LCA procedures and life cycle. 

Strategic business planning

Integration of environmental aspects in strategic business planning is becoming a common feature in many companies. The handling of environmental management schemes such as EMAS (Environmental Management and Auditing Scheme) and ISO 14001 standards. But, many companies still handle the issues on a case-to-case basis.

There are several motivating factors behind the decision to integrate environmental issues, many of which are interrelated. These include, for example, consumer demands, compliance with legislation, community needs for environmental improvement, security of supply and product and market opportunities.

The environmental performance is, thus, changing from being a mandatory property of many products (i.e., all regulatory requirements shall be fulfilled) to being a strong positioning property on the market. An LCA can be used both in relation to existing products and to identify market segments to be opened for environmentally benign products. The LCA information can provide decision-makers with an understanding of the environmental pros and cons of their products and services. 

6.5.2 
Governmental applications

Sustainable development has been included as a major item on most of the governmental agendas since the 1992 Rio summit. Although a precise definition of sustainable development has not been given, it is obvious that LCA must be used to ensure that actions towards a more sustainable future will have the desired effect. An LCA, as a specific tool, can ensure this in some cases, while LCA, as an approach or as a strategic tool, can give directions but not the whole answer and must, therefore, be applied along with other tools such as risk assessment, environmental impact assessment, cost benefit analysis and others. The main governmental applications include product oriented policy, deposit-refund schemes, including waste management policies, subsidies and taxation, and general (process-oriented) policies.

SUMMARY

In this Unit, we discussed life cycle assessment (LCA) as an environmental management tool. After tracing the evolution of LCA and describing the basic stages of a product life cycle, we identified the elements that contribute to the making of the code of good code for an LCA study. We then explained the steps such as goal setting, inventory analysis, impact assessment and profile evaluation involved in the LCA process. We close the Unit by discussing LCA applications both in private and public sectors.
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Case 6.1:  Softwares for Performance of Life Cycle Assessment

	Name: 
	ECOINVENT (Environmental Life Cycle Inventories of Energy Systems) 

	Contact Person:
	Mr. Rolf Frischknecht 
Tel: 41-1-632 5795
Fax: 41-1-632 1283

	Organisation:
	Energy-Materials-Environment Group 
Institute for Energy Technology
ETH Zentrum / UNL
CH-8092 Zurich
Switzerland

	Homepage:
	http://www.esu.les.iet.mavt.ethz.ch/esu/Ecoinvent.html
http://jesus.ethz.ch/ecoinven/ifc_dt/get/eco_get.html
http://www.worldbank.org/html/fpd/em/eminfo/EA/methods/cstecoit.htm


	Name: 
	BUWAL 250

	Contact Person:
	

	Organisation:
	ETH Swiss Federal Institute of Technology Zurich
Institute of Process Engineering and Cryogenics
ETH Zentrum
CH-8092 Zurich
fax: +41-1-632 32 79
tel: +41 -1-632 32 79

SVI - Swiss Packaging Institute
Bruckfeldstrasse 18
Postfach 3000
Bern 26
tel: +41-31-3023003
fax: +41-31-3023047

	Homepage:
	-


	Name: 
	Eco-profiles of the European plastics industry 

	Contact Person:
	

	Organisation:
	APME - Association of Plastics Manufacturers in Europe

	Homepage:
	http://www.apme.org/index.htm


	Name 
	SimaPro

	Contact Person:
	

	Organisation:
	PRé Consultants BV
Plotterweg 12
3821 BB Amersfoort
The Netherlands
Telephone: +31 33 4555022
Fax: +31 33 4555024
E-mail: info@pre.nl

	Homepage:
	http://www.pre.nl/index.html


	Name: 
	Boustead model

	Contact Person:
	Dr. Ian Boustead
phone: +44-403-864 561
fax: +44-403-865 284

	Organisation:
	Dr. Boustead
Boustead Consulting
2 Black Cottages, Worthing Road, West Grinstead, Horsham, West Sussex, Great Britain RH13 7BD

	
	


	Name: 
	TEAM/DEAM

	Contact Person:
	

	Organisation:
	Ecobilan 

Ecobalance 
15204 OMEGA DRIVE, SUITE 220 
ROCKVILLE, MARYLAND 20850 

	Homepage:
	Ecobalance: http://ourworld.compuserve.com/homepages/Ecobalance/BR0.htm

	
	


	Name: 
	LCAD

	Contact Person:
	Kenneth K. Humphreys
Pacific Northwest National Laboratory
Tel: 509-372-4279
Fax: 509-372-4370
e-mail: kk_humphreys@pnl.gov 

Bruce W. Vigon
Battelle Columbus Operations  
Tel: 614-424-4463  
Fax: 614-424-304
e-mail: vigonb@battelle.org 

	Organisation:
	Battelle Memorial Institute
505 King Avenue 
Columbus, Ohio 43201
Phone (614) 424-6424 
Fax (614) 424-3404 

	Homepage:
	http://www.estd.battelle.org/sehsm/lca/software.html

	Name: 
	IDEMAT

	Contact Person:
	J.A.M. Remmerswaal.
Phone: 31.15.278.5041
Fax: 31.15.278.2956
E-mail: j.a.m.remmerswaal@io.tudelft.nl

	Organisation:
	Delft University of Technology
Faculty of Industrial Design Engineering
Department of New Product Development
Section for Environmental Product Development
Jaffalaan 9
2628 BX Delft
The Netherlands

	Homepage:
	http://www.io.tudelft.nl/research/mpo/
http://www.io.tudelft.nl/research/mpo/idemat/idemat.htm

	Data:
	Database for designers.  Data for a number of different materials, processes and components. Data given for different environmental themes, and computed Eco-indicator and EPS-indicator. 


Case 6.2:  Environmental Effects to be considered in LCA

Global warming

This is caused by gases that absorb infra-red radiation (heat) irradiated from the Earth. Increasing their concentrations in the atmosphere may cause the global atmospheric temperature to increase, and this may, through increased melting of polar ice caps and heat-expansion of water in the oceans, lead to rising sea levels and serious climatic changes. The range and the ecological and socio-economic consequences of these effects are impossible to predict at present.

Carbon dioxide, CO2, is the most prominent of the global warming gases, contributing about 60% of the total anthropogenic (human-made) atmospheric content of global warming gases. Other important gases are methane, CH4, contributing 15% (the main anthropogenic sources are stocks of cattle and cultivation of rice), dinitrogenoxide (or nitrous oxide), N2O, with 4% (combustion processes, fertilised agricultural soils) and the halocarbons group, with around 10% (CFCs, HCFCs and halons, all anthropogenic in origin and manufactured for use as solvents, aerosol propellants, heat transmitters, insulators and fire extinguishers).

For carbon dioxide, it is important in the inventory to distinguish between activities that cause a net increase in the atmospheric content (such as combustion of the fossil fuels, oil, coal and gas, or their derivatives such as plastics) and other activities where the CO, CO2 contribution would reach the atmosphere anyway, through the biogeochemical carbon cycle. The latter includes the burning of biological materials that would otherwise have decayed naturally and released their carbon content as CO2 to the atmosphere. However, the clearance and burning of forests to create agricultural land is an exception from this rule, since the activity causes a net reduction in the global biomass and thus a net increase in the atmospheric content of CO2.

Stratospheric ozone depletion

The stratosphere is one of the higher strata of the atmosphere (10 - 50 km above the surface of the Earth). It is characterised by the presence of large concentrations of the gas ozone OCO2 that constantly exchanges with oxygen through the action of sunlight and various compounds in the stratosphere. The body of ozone in the stratosphere is commonly referred to as the ozone layer. It is of crucial importance for the presence of life as we know it on Earth, since it absorbs most of the ultra-violet (UV) radiations emitted from the sun, which can have very damaging effects, such as causing skin cancers.

It has been found that recent emissions of the man-made halo carbons (described in the paragraph on global warming) are contributing to the breakdown of ozone molecules in the stratosphere, thus favoring ozone degradation over ozone formation and reducing the extent and UV- absorbing capacity of the ozone layer. This may have serious direct effects on life on Earth, especially on the plants and algae that are the primary producers and basis of all food chains. The possible indirect effects are at present hard to assess.

Acidification

Emissions of compounds that contribute to a lowering of the pH in some compartment of the environment are aggregated in this effect type. Acidification mainly occurs in areas where the underground strata are poor in limestone that may neutralise the incoming acids. The biological systems that are affected by acidification are lakes, forests and agriculture. The lowering of the pH in lake water or soil water dramatically changes the living conditions, resulting in massive death of the organisms normally living there (fish, trees, crop plants). Acidification also causes severe economic losses in urban areas, where corrosion of machinery and buildings may be substantially increased.

The contributors to acidification are compounds that are acids themselves (capable of donating protons in chemical reactions) or ones that cause liberations of protons as they experience conversions in a receiving body of the environment. Among the important sources of acidification is combustion of chlorine – containing, fossil fuels, production of metal from sulphide ore, combustion of chlorine substances, e.g., in waste incineration. 

Nutrient enrichment

Nutrient enrichment is the process of enrichment of biotopes (water bodies and soils) in the two main nutrients, nitrogen, N. and phosphorus, P, one of which is generally the nutrient factor limiting biological growth of the system. The effect type incorporates the ensuing changes in chemical and physical living conditions for the organisms and consecutive or cumulative disturbances of the ecosystems. The main focus is on the eutrophication of lakes and coastal waters. Here, the input of nutrients causes algal blooms that shadow out the plant life at the bottom of the water body, even in shallow waters, leading to a vast precipitation of dead algae. The degradation of this additional input of biological material uses up the oxygen dissolved in the water, causing anoxic conditions in the sediments and in the bottom strata. The effect on the fish life and the aquatic ecosystems may lead to dramatic reduction in catches of fish.

Nutrient enrichment of soil ecosystems may cause changes in the species composition of plant communities growing on soils poor in nutrients, thus threatening to extinguish certain plant species. Through percolation, the nutrient-enriched precipitation may reach the groundwater and cause unwanted concentrations of compounds, particularly of nitrogen, in this source of drinking water.

Contributing to nutrient enrichment are all the compounds containing nitrogen or phosphorus that may be released during their degradation in the environment. Important sources of N and P are agricultural fertilisers and emissions of untreated sewage from urban districts. Combustion processes may also be a significant source of nitrogen. 

Photochemical ozone formation

Although neurotoxin in themselves, most hydrocarbons will rarely contribute to toxicity in the environment, because their atmospheric half-lives are too short for large concentrations to build up in the troposphere (0 - 10 km above the surface of the Earth). The atmospheric degradation of the hydrocarbons takes place through reactions with nitrogen oxides and hydroxyl radicals present in the troposphere. The reaction schemes include photochemical reactions requiring sunlight, and they lead to the formation of aggressive gaseous compounds, the most important of which is ozone. While the presence of ozone in the higher strata of the atmosphere is indispensable for the existence of life, as we know it, it is highly noxious in the air that we breathe.

Episodes of high concentrations of these reactive gases may occur locally due to emissions of excessive amounts of hydrocarbons, e.g., from traffic during rush hours, but their extent may increase to a regional scale in periods where meteorological conditions prevent the vertical mixing of air within the troposphere. Such episodes are referred to as photo (or photo-chemical) smog.

Ozone is a very reactive molecule, and it will oxidise any reduced compound it encounters including most of bimolecular that are present in the troposphere. Plants in particular suffer from exposure to high ozone concentrations, as they are unable to move during episodes of photo smog, and they depend completely on the exchange of gases with the surrounding air to furnish carbon dioxide for photosynthesis.

Toxicity (chronic or acute)

This type of environmental effect includes contributions to toxicity (or poisoning) affecting any kind of living organism or ecosystem (human toxicity as well as environmental toxicity). The toxicity may be acute or chronic, and literally thousands of different chemical compounds may contribute, with toxic effects of many diverse types. Potential contributions to acute or chronic toxicity in the environment are much more difficult to quantify and to aggregate than contributions to any of the other effect types.

Since many different compounds contribute to this environmental effect type, most human activities that might be considered an object for an environmental assessment entail releases that will be toxic in the environment. Therefore, it is difficult to point out individual human activities as the main sources of environmental toxicity. Nevertheless, chemical industries of all types generally cause significant emissions of many different toxins affecting humans and the environment.

Though a quantitative approach to the aggregation or accumulation of toxicity is difficult, this item should under no circumstances be left out of an environmental assessment. Since toxic effects will generally occur on a local scale, the releases contributing to toxicity will often be the ones that are felt most strongly by people living in the surroundings of the project considered. They will, therefore, attract the most attention. Neglecting toxic effects in the classification may strongly reduce the general credibility of the environmental assessment. 

Resource consumption

Apart from reducing the environmental load of the product, a general goal of environmental management of products is to reduce the use of limited or non-renewable resources, so as not to impair the possibilities for future generations on planet Earth. (Current practices should, as a general rule be sustainable.) Therefore, a distinction should be made between renewable and non-renewable resources in the inventory. A renewable resource is defined as one that is being replenished naturally, whereas non-renewable resources are not regenerated at a rate that is significant in a historical perspective. 

For historical reasons, use of resources in energy production is considered as a special kind of resource consumption with its own inventory. Also, an inventory of the consumption of energy resources must distinguish between renewable and non-renewable resources. 

The bare classification into renewable and non-renewable resources is insufficient for assessment purposes. As a minimum, some further raking of the different kinds of non-renewable resources is necessary. For example, although both sand and copper ore are non-renewable resources, their use should not be considered as equally critical in an LCA.  Unfortunately, there is no generally accepted scheme for classification of resources consumption, similar to the scheme adopted for environmental releases. 

Case 6.3:  Life Cycle Analysis Case Study: Substitutes for PVC

After a long, fierce political debate on the desirability and possibility of reducing the consumption of the plastic material PVC, (Poly Vinyl Chloride), The Danish Agency for Environmental Protection commissioned a life cycle assessment of PVC and alternative materials to determine the environmental and health related consequences of substituting other materials for PVC in packaging materials, building materials and office and hospital articles. 

The life cycle assessment (LCA) was performed as a screening involving all life cycle stage of the materials, from the extraction of raw materials to their disposal through landfilling, incineration or possible recycling. A more detailed study was performed on what seemed, from the screening, to be the key issues for the life cycle of the material. 

This investigation differed from most other LCA studies in assigning equal importance to working environment/health/risk aspects and the external environment. 

The system studied was specified by the prevalent conditions in Denmark concerning working environment and safety regulations. The disposal method was considered to be incineration with energy recovery for heating. 

The following aspects were studied for each of the materials:

· consumption of resources (including energy), 

· potential exposure in the working environment, 

· potential effects in the working environment,

· potential exposure in the natural environment, 

· potential effects in the natural environment, and 

· risk of accidents. 

The materials evaluated were:

· polyvinyl chloride, PVC,

· polyethylene/polypropylene, PE/PP,

· polystyrene, PS,

· polyurethane, PUR,

· polyethylene terephthalate, PET,

· vacuum-treated and surface-treated wood,

· paper/cardboard, and

· aluminium.

Several of the investigated materials were only considered as alternatives to PVS in some application. Some conclusions of the study are given below. 

Polyvinyl chloride

The worst problems related to environmental aspects seemed to be:

· emissions of dioxins and chlorinated organic compounds in the waste water from production and combustion gases from incineration of PVC;

· emission of hydrochloric acid and toxic heavy metals (particularly lead and cadmium) that may be added as stabilisers to PVC for some applications.

Those related to health aspects were:

· exposure to carcinogenic vinyl chloride monomer, which may occur during production of the polymer and its manufacture into products;

· exposure to hydrochloric acid and to the carcinogen plasticiser, DEHP, occurring during manufacture of PVC products;

· risk of exposure to chlorine and carcinogenic vinyl chloride monomer in the event of accidents at PVC polymer production facilities.

Polyethylene/polypropylene

Unlike PVC, these plastics do not contain chlorine, and this leads to substantial improvements in environmental and working environment performance. The energy consumption for production of PE and PP is similar to that required for PVC. The main problem with these materials is that they require addition of flame retardants from some applications, which may introduce environmental problems in the production, manufacture and disposal of the polymers. 

The overall conclusion, however, is that the substitution of PVC with polyethylene or polypropylene, where possible, will give substantial improvements in external and working environmental performance. 

Polystyrene

The production of polystyrene involves a risk of exposure to the reproduction-damaging substance, styrene. The polymerisation of styrene to polystyrene may involve a risk of explosion. The energy consumption for production of polystyrene is considerably higher than for PVC.

Polystyrene may be expanded into a rigid foam by blowing with gases. In some cases, the gases used are the highly ozone-degrading CFC or HCFC gases. If use of CFCs and HCFCs is avoided, the substitution of polystyrene for PVC will lead to environmental improvement, particularly at the disposal stage. The working environment aspects are unclear. 

Polyethylene terephthalate

PET entails somewhat higher energy consumption than PVC. The overall environmental performance is clearly better for PET than for PVC, both for working environment, external environment and probability and consequences of accidents.

Polyurethane

The production of PUR involves the use of isocyanides, exposure to which is extremely unpleasant in the working environment during production of the polymer and manufacture into products.

PUR may, similarly to polystyrene, be expanded by blowing with CFCs or HCFCs. If this application is disregarded, the potential effects of PUR in the external environment seem smaller than for PVC, particularly at the disposal stage (due to the absence of chlorine and toxic metals). For working environment conditions, however, there is some aggravation compared to PVC. Overall, the report does not recommend a substitution of PVC with PUR.

Vacuum-treated and surface-treated wood 

In contrast to all the polymer materials, wood is a renewable resource and generally, little or no fossil energy is required for its production. The manufacture of vacuum-treated wood, e.g., into window frames, involves the exposure of works to carcinogenic wood dust, and the vacuum-treatment of the wood entails emissions of heavy metals into the external environment. Nevertheless, the overall conclusion qualifies vacuum- or surface-treated wood as an environmentally advantageous alternative to PVC.

Paper/cardboard 

Like wood, paper and cardboard are made from renewable resources. Their energy consumption is higher than for wood, but still lower than for PVC. 

The environmental profile of paper and cardboard depends strongly on the process used. Often, the pulp is bleached using chlorine compounds, resulting in emission of chlorinated organic compounds (including dioxins) in the wastewater. Generally, pulp production involves emissions of large quantities of toxic and oxygen-consuming organic material in the wastewater that is worse than the loading from the PVC-production. The disposal of paper or cardboard after its use is substantially better from an environmental point of view, and overall, paper or cardboard is recommended over PVC for packaging purposes and similar applications.

Aluminium

Production of primary aluminium from bauxite is extremely energy- consuming and involves some serious working environment problems and hazards. Together these aspects disqualify the substitution of PVC with primary aluminium.

For secondary aluminium, i.e., aluminium recycled through collection and recasting, the situation is different since it may be recycled, and the loading of the original production of primary aluminium reduced correspondingly. The preference of PVC or aluminium thus depends on the efficiency of the recycling of aluminium.

Case 6.4:  Life Cycle Analysis: A Case of Steel Sector in India

Since 1999, with an objective of optimum utilisation of resources, Life Cycle Assessment Study in the Steel Sector has been continued with joint funding of the Ministry and three identified steel plants, viz, Bhilai Steel Plant, SAIL; Jamshedpur Steel Plant of TISCO and Vizag Plant of Rashtriya Ispat Nigam Ltd. (RINL). The salient findings of the study are summarised herein.

SCOPE OF THE STUDY

· Cradle to Gate (RM mining to Crude Steel)

· Includes Inventory Analysis

· Impact assessment

· Improvement Analysis

BOUNDARY OF THE STUDY

· Crude Steel at Factory Gate

· Quantification Unit - Kg of crude steel at factory gate

· Includes:

· Steel Making

· Production & Transportation of RM

· Production & Transportation of Energy

· Production & Transportation of Consumables

DATA COLLECTION & VALIDATION

· Main Source of Data - Annual Statistics

· Coke Oven Gas, BF Gas and BOF Gas conversion from calories to joules by 4.1868 joules/cal

· Heat Content of 8 ata steam 3000 MJ/tonne and 18 ata 3260MJ/tonne

· Fugitive Dust and drinking water not included

· Data Validation for FY1997 & FY 1998 by MECON

· Primary data validation by log sheet checks

· Secondary data validation - Monthly, Quarterly, Half Yearly & annual Audits

· Energy Audits - Steam, Electricity, Fuel 

· Emission Audits - Weekly Stack & effluent analysis

· Performance Audits - Daily Production Target monitoring at department level and against techno-economic parameters at plant level

· Technology Audits 

RESULTS
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RESULT ANALYSIS

· Ash content of Domestic coal high so coal consumption high.

· Alumina in Domestic ore high so higher Dolomite requirement.

· Iron Ore lump used in cooling in BOF in India nowhere else in the world so higher Iron Ore Consumption.

· Steel plants outside India mostly on shores, don’t recycle water, hence high consumption.

·  World over steel plants use BF gas top pressure to extract electricity not in this unit.

· BF gas having higher Carbon though lower calorific value compared to other gases used so higher CO2 emission.

· World over alternate fuels used in BF like oil, Natural Gas, Pulverised Coal etc. BF gas generated per tonne is low.

· High CO emission in Sinter making process.

· Low Sulphur in Indian Coals so low SOx emission.

·  ODS use is low.

IMPACT ASSESSMENT
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IMPROVEMENT PLANNING

· Increase in proportion of imported coal in coal blend

· New Sinter machine installation

· Installation of Top Gas Pressure Recovery to harness electricity

· Coal Dust Injection in Blast Furnace

· Increased Recovery of BOF gas

Unit 6


Model Answers to Learning Activities
LEARNING ACTIVITY 6.1
The basic concept of life cycle assessment is that the entire life cycle of the product should be taken into account for evaluation of environmental impacts.  An LCA of a product examines the product from the extraction of raw materials for the manufacturing process, through the production and use of the item to its final disposal.

LEARNING ACTIVITY 6.2
Vacuum or surface treated wood is the most environmental friendly product discussed in Annexure 6.2.

LEARNING ACTIVITY 6.3
	Contribution to
	Unit
	Coal
	Heavy Fuel
	Natural Gas
	Wood
	Straw

	Global warming
	CO2 emission, g/MJ
	96
	80
	56
	98a
	99a

	Acidification
	SO2 emission, g/MJ
	650
	500
	1
	33
	110

	Nutrient enrichment
	NOx emission, g/MJ
	500
	240
	350
	50
	130

	Smog formation
	VOC, mg/MJ
	15
	7
	15
	1200
	-

	Chronic toxicity
	Lead emission, mg/MJ
	7.6
	25
	0.0
	200
	1.0


Coal is the fuel which is of more environmental concern.

LEARNING ACTIVITY 6.4
The four important steps in an LCA are:

(i)
Definition of scope, goals and delimitation of the life cycle.

(ii)
Preparation of an inventory.

(iii)
Assessment of impact of environmental loadings in terms of environmental profiles. 

(iv)
Evaluation of environmental profiles according to the defined goals.





































(LEARNING ACTIVITY 6.4





What are the four main steps of a life cycle assessment?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.


































































































(LEARNING ACTIVITY 6.3





Table 6.1 gives a quantitative inventory of the most important environmental releases and resource consumptions for the production of 1 Mj heat, using the following fossil fuels: coal (coal powder, 1% sulphur content), heavy fuel (1% sulphur content), natural gas, or the biomass of wood or straw. For all fuel types except wood, the burners are equipped with filters for removing particles (equipping wood burners with particle filters would lower emissions considerably). No further treatment of flue gas is performed.





(i)	Classify all the environmental releases into the different types of environmental effects that they will potentially contribute and compute the contribution. Classify the resources as renewable or non-renewable.


(ii) 	Which of the fuels do you find to be of the greatest environmental concern? 


Note:


a)	Write your answer in the table given below.


b)	Check your answer with the one given at the end of this Unit.
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