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FOREWORD

The environmental and health impacts of different energy systems, particularly
those associated with the generation of electricity, are emerging as significant issues for
policy formulation in the coming decades. This, together with the emerging need of
many countries to define their energy programmes for the next century, has provided the
basis for a renewed interest in the comparative risk assessment of different energy

sources, fossil, nuclear, renewables, in order to account for their effects on health and
the environment in decision making as an integral part of energy planning.

The IAEA, in co-operation with other international organizations, is strengthening
its efforts in comparative health and environmental risk assessment for different energy
systems, particularly those associated with electricity generation. Emphasis is being

placed on the co-ordination of research to fill gaps in knowledge, on i) the development
of relevant databases, and ii) on improvements to methodological and procedural
approaches.

This document focuses on the format and structure of a database for health and
environmental impacts, to facilitate and provide essential input for a credible
comparative risk assessment over the entire cycle of different energy sources for the
generation of electricity.

The document has been compiled as the outcome of Technical Committee
Meetings held by the IAEA as part of its programme in this field.

EDITORIAL NOTE
In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted by the authors and given some attention
to the presentation.

The views expressed in the papers, the statements made and the general style adopted are the
responsibility of the named authors. The views do not necessarily reflect those of the governments of
the Member States or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
Authors are themselves responsible for obtaining the necessary permission to reproduce copyright
material from other sources.
This text was compiled before the recent changes in the former Union of Soviet Socialist
Republics.
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INTRODUCTION AND BACKGROUND INFORMATION

There is a renewed interest in the application of tools and techniques of
comparative risk assessment in the planning of energy mixes for electricity generation
systems and particularly in the integration of health and environmental impacts in the
decision making process for such systems.
In 1990, the International Atomic Energy Agency (IAEA) undertook an overall
review of the current status of comparative risk assessment of the health and
environmental impacts of different energy sources. Methods and applications of
comparative risk assessment were the subject of important developments in the late
1970s and early 1980s.
The review indicates that it is essential, for a credible comparison to be made, to
have reliable, up-to-date data on health and environmental risks, reflecting the whole
range of risks and impacts over the entire cycle of different energy systems and
technologies. Such a systematic database does not exist at present, although related
information is scattered in a number of studies compiled over the past 20 years. The
review has also identified several methodological key issues that ought to be resolved:
the time-dependency of the risk estimates given variations in technology and in the state
of technological development of any energy system; the delineation of consistent
boundaries for comparing different energy systems; the lack of appropriate indicators to
measure and compare environmental risks; and, variations between geographic regions,
countries or group of countries. The outcome of this review was further supported by
a comprehensive Key Issues Paper on "Comparative Health and Environmental Effects
of Different Energy Sources for the Generation of Electricity" compiled by an expert
group for the Senior Expert Symposium on Electricity and the Environment, held in
Helsinki, May 1991, the proceedings of which were published by the IAEA in 1991. Both
the IAEA's review and the Key Issues Paper provide the basis and focus of IAEA
activities in this area for 1991-1992 in particular. Three areas of activities guide the
IAEA's work in this regard:

a)

The establishment of an international co-ordinated data base on health and
environmental effects of different energy sources. The data base could form the
core of information resources for Member States to assist in their planning of
electricity generation needs;

b)

The compilation of methodologies and procedures to assist a consistence
comparative risk assessment process, including reaching agreement on methods
for dealing with uncertainties; improved methods of presenting results and the
development of environmental indicators or risk;

c)

The development of methods for the integration of comparative risk assessment
into electricity planning, including the provision of guidance advise to Member
States in the application of the relevant tools and techniques.

The implementation of the above is being undertaken through a number of
Technical Committee Meetings, Consultancy services and in-house research.

In the context of the above, this document focuses on the framework structure of
a database for health and environmental impacts of different energy sources for
electricity generation and delineate its various requirements. Part I of the document
presents such a framework. Following a Summary of Papers, Part II of the document
presents a range of technical papers highlighting relevant information, issues and
research in a number of Member States, national institutions and international
organizations.
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PARTI

STRUCTURE AND FORMAT OF A DATABASE ON
HEALTH AND ENVIRONMENTAL IMPACTS
OF DIFFERENT ENERGY SYSTEMS FOR
ELECTRICITY GENERATION

1.

Introduction

1.1.

Background information

Comparative information on health and environmental effects of different energy
systems, particularly those involved in the generation of electricity is of growing
importance to the decision making processes concerning environmental and safety
management and overall energy planning. The coming decade will experience greater
emphasis on the use of such comparative information. This necessitates reliable, up to
date and credible data - presented in a consistent and coherent manner which reflects
the whole range of risks and impacts over the entire fuel cycle of the various energy
systems and technologies. Such a systematic database does not exist at present, although
related information of varying quality is scattered in many publications compiled over the
past 20 years. Existing information is often presented.in isolation to service a particular
purpose. Hence the need for an overall comprehensive database of practical value to
decision makers.
The International Atomic Energy Agency (IAEA), in co-ordination and liaison
with other international organizations, is strengthening its effort in comparative
assessments of various energy systems, including the establishment of an internationally
agreed and authoritative database on health and environmental impacts, identification
of gaps in knowledge and coordinate research programs, the establishment of a
framework for the use of such data and the dissemination of such information to
Member States.
1.2.

Scope and objectives of the report

The main aim of this report is to present the overall framework and the basis of a
structure and associated considerations of a database on health and environmental
impacts of different energy sources, concentrating on those sources associated with the
generation of electricity.
The format of the database presented in this report will have to be computerized
on an appropriate database management system. Detailed specifications for such a
computerized system will have to be formulated. The content of this report could be
used as the basis for preparing these detailed specifications.

1.3.

Range of applications of the database

The main areas of application of the database are as follows (not in order of
priority):
(a)

an input to comparative health and environmental risk assessment studies for
different energy systems for the generation of electricity;

(b)

a scientific and technical basis in formulation/selection of energy options for
policy and decision making in electricity (energy) planning;
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(c)

a tool and a source of information for health and environment impact assessment
at the plant/activity level. Environmental impact assessment studies are
increasingly becoming an integral component of project developments;

(d)

an essential and integral input to comparative economic planning and assessment
based on costing externalities to reflect the 'real cost' of different energy options;

(e)

a data source for health and environmental impact assessment of energy systems,
for developing countries in particular where the need exists to integrate health
and environment factors- into energy planning;

(f)

an informational tool for environmental and safety performance of operating
plants and as basis for future plants improvements;

(g)

an input into ecological balance studies of various energy systems;

(h)

to put the risks of different energy options into perspective and facilitate
communication with the general public;

(i)

to address issues of public perception of risk, which influence the decision making
process. The database may facilitate a rational public debate.

2.

Broad requirements of the database in the context of comparative risk
assessment for different energy sources

The format, content and structure of the database have to relate closely to its
main purpose and areas of application, mainly the comparative health and environmental
risk assessment of different energy systems for the generation of electricity. This section
highlights the essential requirements of the database in the context of its area of main
applications.
(a)

The database will relate specifically to health and environmental risk from electricity
generating systems

Most energy sources are not converted to nor used exclusively for electricity
production. They are, concurrently also used for transportation, heating, cooking, etc.
The database will focus in this instance on those systems and risks associated with
electricity generation. It may therefore be necessary to introduce certain weighting
factors in the use of the data to specifically focus on that part of the whole energy system
associated with electricity generation. In particular, if a plant is used in a cogeneration
scheme this fact will have to be taken into account. Initially, electricity distribution will
not be considered.

(b)
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The database will enable the user to attribute the impact data on a country or
regional basis. The database should help the user to evaluate impacts for his specific
needs, choosing the most relevant data included in the database, i.e. data from a
region/country most closely resembling the case in question.

In fact, the results of impact assessment often relate to one country, group of
countries or developmentally related countries and may not be immediately transferred
to give specific indications under different conditions. It is questionable therefore
whether comparative studies for one region directly apply to another, given the variations
in the technological, economic and social settings.
It should be possible to attribute the risk data to specific countries or regions so
that relevant credible comparative studies can be performed. Data collection at a plant
level may be necessary.

(c)

The database will include information covering the entire fuel cycle of different energy
systems; the components of each cycle have to be defined accordingly.

A fuel cycle consists of all activities and installations needed in the generation of
electricity, including for example mining, transportation, conversion, waste disposal. It
is now well established that the risk associated with the generation of electricity from
each fuel cycle is the sum of the risks resulting from all the contributory steps of the
cycle concerned. In the comparative risk assessment process, it is necessary to expose
the risks associated with each step of the fuel cycle as well as those from the entire fuel
cycle. The database will therefore include environmental and health data for each step
of the fuel cycle. This necessitates the clear definition of the various components of each
fuel cycle to be included in the data base.
(d)

The database will only include data from routine (normal) operating conditions and
continuous emissions.

The comparative risk assessment process must differentiate between health and
environmental risks from normal routine operations and those from severe accidents.
The requirements and processes associated with each are different. At the present time
we consider only routine conditions. Database for major accidents is envisaged
separately.
(e)

The database will make clear reference to all assumptions applicable to the data.
The level of plant technology and safety and pollution control standards will be
included.

The time dependency of the risk estimates particularly in light of variations over
time in the technology and in the state of technological development of any energy
systems are important considerations in comparative risk assessment. It is necessary for
the data to clearly relate to the specific technology including where possible the standard
of environmental and safety controls.
(f)

The database will include all relevant dimensions of health and environmental

impacts.
Because in the comparative risk assessment process the various categories and
dimensions of health and environmental risks should be presented and treated separately,
it is necessary to have access to all relevant categories of risks.
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In terms of health impacts, occupational and public risks should be treated
separately. Two categories of risk apply as a result of direct or indirect impacts:

Fatal effects, either immediate (resulting from direct exposure to lethal doses or
other accidents) or delayed (e.g. resulting from chronic exposure to hazardous

substances);
Non-fatal effects (injuries, diseases) of either an immediate or delayed nature.
In relation to environmental impacts, categorization can be made on the basis of
the extent: local, regional and global; and on the duration of the effect: short or medium
term and long term.

(g)

The source of the estimates of impacts must be clearly referenced and the conditions
under which such estimates were made must be indicated. It may not be appropriate
to include the detailed models and dose-effects relationships for estimating health or
environmental risks and impacts. However, infonnation on the health and
environmental effects
of different
substances will be provided where
possible/available.

In the assessment process of the impacts of different energy sources the public
health impacts, particularly in terms of delayed fatalities and chronic diseases mainly
from power plant operations and the environmental impacts of various pollutants on air,
water and soil are of major concern.
Health impacts: in the areas surrounding power plants and facilities of the fuel
cycle most existing data are in terms of acute fatalities to workers or to the public as the
result of accidents during routine operations and associated activities. Few data exist on
chronic effects or delayed fatalities as the result of exposure to the wide range of air
pollutants including SO2, CO, NO^ particulates organic matters, heavy metals and
radionuclides. Such data may be obtained from two main sources: i) studies carried out
(including epidemiological studies) in the surrounding of power plants under various
conditions; ii) by estimation using dispersion modelling to calculate ambient air level
concentrations and dose-effect relationships to estimate health effects usually in terms
of a probability of increase in morbidity.
Environmental impacts: it is not easy to quantify environmental impacts from
energy sources. Most existing data are limited to the emission rates of pollutants under
various burning and control conditions. However, it is not an easy task to quantify the
impacts of energy sources upon the environment. Nevertheless, the database should also
include data on environmental impacts. The sources of such impact data may be
twofolds: from measurements under various situations; and from estimates using
available modelling techniques which provide a correlation between the source and the
receptor. Estimating the multitude of possible environmental impacts necessitates
extensive future methodological developments. A quantified environmental risk impact
index may not be possible in all cases given the multitude of species in various
ecosystems and the complexity of the various exposure mechanisms which may involve
a degree of recoverability in some cases and irreversible damage in other situations.
Figure 1 is a broad outline of the overall approach.
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The data on public health and environmental impacts are in many cases location
dependent. It is not proposed to include models and dose-effect relationships and
economic impact assessment as an integral built-in part of this database although a link
may need to be further developed to these tools as part of a broader information
management system. Rather, it is proposed to include data and impact estimates from
various situations and ensure that the basis and assumptions used for such estimates are
clearly included and referred to, so that the user may select the data most appropriate
to the situation under consideration.
The uncertainties in data and estimation should be reported.
3.

Components and contents of the database

The following basic components related to the contents of the database have to
be specified in order to make sufficient description of the database structure:
Location;
Energy sources, systems of conversion and applications;
Stages of the various fuel cycles;
Technology and related parameters;
Health impact data (including reference sourcing);
Environmental impact data (including reference sourcing).

3.1.

Location

Within the framework in which the database will be developed it is important to
specify the country as well as the aggregation of countries (region) from which the data
emanate.
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3.2.

Energy sources and systems of conversion

Three groups of energy sources for the generation of electricity should be
included: Fossil Fuel Group, Nuclear Group, Renewable Group. The data base
structure could be made flexible to accommodate (with time) additional energy sources
if such sources become significant contributors to electricity generation. Table I shows
the energy sources associated with these three groups together with examples of
conversion systems.

TABLE I
ENERGY PRODUCTION SYSTEMS ASSOCIATED WITH ELECTRICITY
Energy Group

Energy Source

Energy System
(Examples)

Fossil Fuel

Coal

Direct coal combustion
Pressurized Fluidized Bed
Combustion
Atmospheric Fluidized Bed
Combustion
Coal gasification
MHD

Oil

Direct oil combustion

Natural Gas

Gas steam boiler
Gas turbine

Peat
Oil shale
Tar sands
Nuclear

PWR
BWR

Candu
HTR

Renewable

Hydropower

Accumulation
Running rivers
Pumping storage

Geothermal

Conventional
Binary

Solar-photovoltaic
Solar-Thermal

Wind
Biomass
Waste Incineration
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Central tower

Harvesting
Energy crops

3.3.

Components of different fuel cycles

The definition of the boundaries of various energy systems is not straightforward.
The main issue here is whether the boundaries should be limited from the point of fuel
gaining and mining to the point of electricity production and waste storage or processing,
or should the boundaries be extended to encompass, say, the gaining of resources for the
building and operation of the generating plant facility.

There is obviously a need to agree on some boundaries in the interest of
practicality. It is also necessary for the data base to specify the various steps within the
agreed boundaries, so that data collection and estimations be targeted to these different
specific steps.
The health and environmental data will include impacts and risks from the
different steps of the fuel cycle. Figures 2 to 12 attempt to specify the various step for
different fuel cycles to be included in the data base. Figure 13 relates in more detail the
components of three representative fuel cycles to their various environmental impacts.

3.4.

Technology and related parameters

The technical data and other parameters should enable the complete
identification of the conditions applicable to the impact data. Essential parameters to
be included in this regard are as follows:
The nature of the fuel cycle and/or of the type of activity to which the data apply.
For example whether mining is underground or surface mining; whether transport
is by rail, road or ship;
The type of technology (including all technological assumptions) applicable to the
fuel cycle component to which the impact data applies;

Technical and operational parameters of the different activities to which the
impact data applies. Such parameters include: availability, efficiency, unit size,
output, capacity, etc;
For each energy source, it is necessary to include the 'intrinsic' characteristics of
relevance to and with direct or indirect implications on pollutant emissions, health
and environmental effects.

For fossil fuels such characteristics may include:
Caloric value
Moisture content
Ash content
Sulphur content
Carbon content
Nitrogen content
Trace metals
Impurities
Tar content
Radionuclides
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Illustration of a structure for the database on health and environmental
impacts from different energy sources

The list is not exhaustive and the detailed structure of the data base will have to
allow for the addition of more characteristics as necessary. Other fuels (e.g.
uranium, municipal waste) necessitate the specification of different characteristics.
The type and efficiency of pollution control technologies applicable to the facility
and/or activity to which the impact data apply.
3.5.

Health risk and effects

The data on health risk should differentiate between the various categories of
risks. The following is a suggested classification of the various health risk indicators to
be included in the database:
(a)

Persons at risk;

- Workers:
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Occupational risks to people working within the facility or
undertaking the associated activity.

- Public:

(b)

Risk to members of the general public outside the boundaries of
the facility, as a function of distance from the plant, or not directly
involved in the undertaking of the facility (this should include data
on the most sensitive members of the public, where available).

Type of harm;
- Fatality:

Deaths expressed on a normalized per unit of electricity produced
(Deaths/GW(e).a); in due course it may be necessary to provide
data on Years Of Life Lost (YOLL).

- Non-fatal (diseases or injuries harm):
For workers, expressed as injuries/GW(e).a or as Work Day
Lost/GW(e).a; for the public expressed as diseases or
injuries/GW(e).a.; in due course it may be necessary to provide
data on Years of Reduction in Earning Capacity (YREC).
(c)

Nature of harm;
- Acute:

Immediate harm, realized in a matter of few days if not
instantaneously.

- Delayed:

Chronic harm, or harm after a latent period.

- Mutagenic: Effects across generations.
Each type of harm (fatality or injury and disease) may be of an immediate or
long-term (delayed) nature.

(d)

Source of data;

The reference source for each health data of the various categories indicated
above must be given.
Two main sources of health data may be appropriate:
data on a statistical basis;

estimates, particularly for delayed effects and public risk generally, based
on dose-effect relationships;
In all cases it is essential to clearly and comprehensively reference the source of
the data to ensure that the user is able to select the most appropriate conditions for the
particular case under consideration.
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3.6.

Environmental risk and effects

The derivation of environmental data, particularly in terms of environmental
impacts is not as well established as health data. To date, there are no agreed indices of
environmental risk and as such most data are presented in terms of emissions
(normalized per unit of electricity output). The database will contain not only data on
emissions but also it will include information and data on impacts.
(a)

Data on emissions;

For the different fuel cycles, emission rates to be accounted for should include all
major pollutants to air (among them: SO2, CO, CO2, NO^ Total Suspended Particulates
(TSP), hydrocarbons, heavy metals, radionuclides); all emissions to water including:
organic and inorganic compounds, heavy metals and tocix substances and where available
effluents BOD and COD contents, and PH characteristics; solid wastes; thermal
pollution.
The effects of treatment of the effluents and solid wastes should be included
together with the associated outflows where applicable.
(b)

Dimensions of environmental impacts:

The environmental impacts should be related to the two dimensions of time and

space:
Time:

- Short-term (up to a few years);
- Medium-term (within decades);
- Long-term (over longer periods).

Space:

- Local (in the immediate surrounding);
- Regional (at a national, inter-countries level, could extend up to
a continent);
- Global (e.g. greenhouse gases/global warming).

(c)

Receptors:

To be classified in terms of ecosystems and anthropogenic environment.
(d)

Sources of data on environmental impacts:

Two methods are proposed to assist the compilation of data on environmental
impacts:
Method I:
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A qualitative representation of the various dimensions of environmental
effects which could be used in the compilation of a matrk of
environmental effects. This matrix should be designed as a comparative
tool to attempt the ranking of the effects from different energy sources.

The database will provide the source referencing of the various impacts
included in this matrix.
Method II:

Quantitative information on the various environmental effects which is
specific to the conditions of a particular site or region. Comprehensive
source referencing is essential to ensure that the user has access to all
assumptions and basis of estimations.
Such quantitative data may come from studies, measurements and
information available for various sites or regions. The data could also be
estimated for various conditions from different models. In the later case
the models used and conditions and assumptions made should be clearly
referenced to enable the user to select the most appropriate conditions
applicable to the particular application.

4.

Overview of the structure

There are several approaches for the establishment of a structure to accommodate
the general requirements indicated in the previous section. The following parameters
and/or data element are presented as a preliminary structure framework.

A: Country
B: Region
C: Energy Source
D: Energy System
E: Application

F: Fuel Cycle Step
G: Technology
H: Essential Technical Characteristics

I: Fuel / Input material Characteristics

FN

This component of the database refers to: Electricity, Combined Heat and Power
(CHP) and Heat. The present database considers only electricity production and,
when necessary, CHP.
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J: Operational Phase (construction, operation, decommissioning)
•!< -V

K: Mode (normal operations, major accidents

)

L: Impacts = Health (HEX) / Environment (EN )

The components of the health and environmental impacts may be detailed as
follows:
Health Impacts (HE;.)

Environmental Impacts (EN )

^ Persons at risk
HE2: Type of harm
HE3: Nature of harm

Environmental Media
EN2: Emissions
Impact descriptors:
EN3:
EN4:
EN5:
EN6:
EN7:
EN8:

FN
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Time
Space
Receptor
Impacts
Path for Evaluation of Impacts
Record of Past Calculations/Studies

The database does not include major accidents which have to be treated in a
special manner. The present database should be designed to allow linking to a
specialized major accident database.
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PART H

HEALTH AND ENVIRONMENTAL IMPACTS OF
DIFFERENT ENERGY SOURCES
FOR ELECTRICITY GENERATION

POSITION PAPERS ON DATABASE
AND ASSOCIATED CONSIDERATIONS

STATUS OF DATABASES ON HEALTH AND ENVIRONMENTAL IMPACTS OF
DIFFERENT ENERGY SYSTEMS
IN SOME IAEA MEMBER STATES AND INTERNATIONAL ORGANIZATIONS

During the Technical Committee Meeting representative Member States and
international organizations provided a brief outline of the current status of relevant
databases on health and environmental impacts in different countries. A summary is as
follows:
International Energy Agency (IEA): Has developed a methodology for calculating
historical energy consumption and associated carbon dioxide emissions for OECD
member countries (24) commencing from 1960 until 1988.The data represents
standardized energy balance sheets expressed in millions tonnes of oil equivalent for
OECD countries, separated into specific regions :North America, Pacific and
OECD-Europe. IEA energy balances have been detailed for each fuekcoal, oil, gas,
other solid fuels, nuclear, hydro, geothermal, solar, heat, electricity, and in terms of total
aggregate for all fuels. Fuels are cross correlated with selective elements which display
the distribution of the fuels amongst the various end use sectors.For the industry sector
the end-uses are detailed in accordance with some classification (e.g. iron and steel,
non-ferrous metals, transport equipment,etc.). For the transport sector, the end-uses are
broken down into: air, road, rail, inland water, etc. Emission factors are applied to
convert oil equivalent to carbon (CO2) emissions, on country specific and regional basis.
The use of fossil fuels for the production of electricity is indicated as a separate entry.

International Atomic Energy Agency (IAEA): Energy and economic databank includes
data on worlwide and individual countries-energy consumption and production; it also
contains economic and demographic statistics. The database provides data for nuclear
and non-nuclear electricity production; it incorporates projected forecast values by means
of computer models developed within the IAEA. Database could be accessed on-line
or by using diskettes for the PC technology. The databank is a collection of information
and data gathered from UN-sources and other international organizations, such as the
World Bank.
United Nations Environmental Programme (UNEP): The Environmental Database

(EDB) was developed by the Stockholm Environmental Institute-Boston Centre with
partial funding from UNEP. The purpose of the database is twofold.lt can be used in
conjunction with the energy planning model LEAP to calculate the environmental

loading of any energy scenario. The database can be used as "stand-alone" reference tool
to provide appropiate data on the emissions of particular energy technologies. The aim
of the data base is to promote environmentally conscious energy planning in developing
countries.
Switzerland: Experience in the country includes data for different energy scenarios and
health-risk figures prepared during the period of 1987-1988 as the result of a Swiss
parlamentary request on energy scenario building. This has to be considered as a
"one-time" project. Environmental risk data collection is now in progress: no data on
health risk is consistently collected for the moment. For the future no further work is
planned.

France: Data on health effects in the field of nuclear energy is collected by the National
Atomic Energy Commission authority; ten years data experience is available. A report
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on this data collection will be published for the CEC. At CEPN, comparative health
effects studies from different energy systems and development scenarios are promoted.
Some studies stopped in the years 1984-1985. A database on nuclear power plants
concerning workers exposure and releases is partly available.Joint work of the Atomic
Energy Commission and the University of Stuttgart (Germany) for coal and nuclear fuel
cycles is in progress. Studies on economic consequences of different environmental
damages are under preparation.
Austria: Studies on environmental impacts of hydro power plants have been performed
during recent time and data were collected. It has been reported that a database for
ecosystems performance is developed; additional work for advanced coal and renewable
technologies is also considered in practical terms. Data collection and data validation
for different energy saving programs are under preparation.
Canada: Data on energy systems, resource availability demand and supply forecasts and
data on potential impacts on health and environment are collected and monitored by the
Departments of Energy, Environment and Health at both the levels of government. The
provincial government departments have provincial jurisdiction while the federal
government departments have the overall national jurisdiction. In addition the National
Energy Board of the federal government also monitors the energy supply-demand data
as well as interprovincial energy transfers and cross-border transfers to the U.S.A.
Atomic Energy of Canada, Ltd., a federal agency (Crown Corporation) is responsible for
the development of the CANDU nuclear technology and monitors all nuclear power
related health and environmental data. For nuclear power generation the data on health
and environmental impacts are well documented while similar data on other forms of
energy are less than adequate. Efforts to integrate the data for different fuel cycles is
under way. Electric utilities, which are mostly provincial crown corporations are required
to carry out environmental impact studies for any proposed new generation facility.

Egypt: Data on coal, natural gas and hydro fuel cycles are partially collected with
incomplete information on health and environmental impacts. Some specific studies on
this matter are recorded. Research studies on risk assessment for industrial areas have
started, including collection of data from power plants.
Germany: Because of the specificity of the country, one can not present an unitary
situation. Studies on nuclear energy (radiological effects and emissions) in the western
part of Germany and the influences on the environment are available from KFA-Julich
for the early 80s. For the coal fuel cycle in West-Germany economic-environmental and
social impact studies and data are also available.Eastern part of Germany is under
institutional reorganization. Data has been collected for mainly all energy fuel cycles,
but limited processing and access to data is available.
Denmark: Ris4> National Laboratory developed data base for emission of NOX and also
for the environmental effects of fossil fuel cycles (e.g. coal, oil). Denmark is taking part
within the CEC in the Corinair International Project on Data Base for Environmental
Impacts of Different Energy Systems.

Greece: During 1980-1985 studies have been done for evaluating impacts on environment
from different energy fuel cycles, mainly lignite, hydro and oil (small scale technologies).
The impact of flyashes (including radioactivity)is also recorded. Work on data base
development for health and environmental impacts from different energy systems is
under preparation in a systematic manner.
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Hungary: Comparative risk analysis for different energy systems requires data on
environmental and health impacts. This will be done in a more systematic way. Complex
risk analysis studies for large industrial areas will involve organized activity in collecting
and processing data.
Israel: Research studies and data on health and environmental effects from different
energy systems are available. Based on this data more elaborate comparative risk
analysis studies is expected to be promoted. New standards for emissions will be
adopted.

Italy: Information on health and environmental impacts were collected during 1987 for
the National Conference on Energy Systems. ENEA participated in the CORINAIR
data bank project of the CEC; data on the national level for the atmospheric impacts
reffering to the year 1985 is available. A three years research program is under the
co-ordination of the Ministry of Environment; this includes a computerized system on
storing and retrieving data on the national level (SINA-Sistema Informative Nationale
Ambientale). Data on NO^ dust and VOC are collected and projected for the year
1995.
Japan: Work is done for the development of a data bank on health and environment for
the use by the government. For the last ten years, technical data on energy systems are
available. More recently, economic and environmental data were collected and
embedded into a data base. Comparative risk assessment studies will be promoted, while
data is now continuing to be collected.
Netherlands: Different studies on environmental impacts and emissions data for coal
power plants are available. Some published studies report on the emissions of
radioactive nuclides from nuclear power plants. ECN (Energy Study Center) is engaged
in studies concerning risk assessment for different types of nuclear reactors.
Philippines: Partial information and data on emissions and environmental impacts are
available (thermal and nuclear power plants). Data on health statistics for the country
is partly available. Information on environmental impacts of minihydro power plants has
been collected.
United Kingdom: Studies produced in the early 70 on the comparative risk analysis from
different energy systems are available. University of East Anglia is engaged in updating
data. A large number of reviews on this topic are available.

Russian Federation: Work on developing data banks on health and environmental
impacts mainly from the nuclear fuel cycle started after the Chernobyl event. Problems
at the country level to organize a common information structure on health and
environmental impacts from different energy systems are carefully considered.
Yugoslavia: The information differ among different regions of the country.Data on
CO2,SOX,NOX, dust (case study for the Inter-Agency project on Risk Management), as
well as information on underground water radioactivity (contamination) due to the
nuclear power plants operation are collected for the Zagreb area.
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The paper "Comments on Energy Risk Analysis". A.F. Fritzsche. identifies and
discusses the most significant issues concerning the current status of risk analysis for
energy systems. Such issues include: the definition of fuel cycle boundaries; the time
dependency of risk estimates given variations over time in the technology and in the state
of technological development of any energy system; how variations between countries or
groups of countries should be taken into account; the aggregation of the various
dimensions of health risk; and, the treatment of severe accidents. The aim of energy risk
analysis is to determine the magnitude of the various categories of risk as objectively as
possible.The present status of energy risk analysis is rather heterogeneous.More data on
accident frequencies would be welcomed.Most risk of the conventional fuel system have
a relatively sound statistical basis. A main problem is the determination of the health
risks of atmospheric pollution. Risk analysis for most renewable energy systems
necessitates further development. The author points out that the long range aim of
energy risk analysis might be to obtain risk figures accurate within about a factor of two.
In a few areas, this goal has now probably been reached, but in others much work
remains to be done, while in fields such as the health risks due to noxious emissions, this
stage is never likely to be reached.

Comparative risk studies should be considered as an input into the decision
making process for energy planning and development. Adequate data should be used;
data bases should be designed to accommodate such data.In the paper "Comparative
Risks of Nuclear Electricity: A Framework for Decisions". R.S. Rodliffe. the social and
environmental factors which influence decisions on the choice of energy systems are
considered to be structured in a hierarchical form.In this way each risk can be separately
quantified and then combined appropiately to reach a final decision. A proposed
technique for dealing with these complex decisions is the multiattribute utility analysis.
Such a method enabled a clearer distinction to be drawn between the technical
uncertainties and the individual or societal judgements which will be implicit in any
decision on their relative merits. This method will facilitate an appropiate use of
quantitative and qualitative information in a data base with technical factors and health
and environmental impacts of different complete energy systems for electricity
production.
Current methodological issues relevant to the field of comparative risk assessment
of different energy systems are discussed in the paper "Comparative Risk Assessment for
Various Energy Systems: Issues in Review" S.G. Haddad. It is suggested by the author
that the "acceptability" of a risk in general, can only be determined when viewed in the
broader comparative context of various alternatives where it can be "tolerable" for the
best alternative.The paper calls for a re-appraisal of some methodological and procedural
issues to strengthen the application of comparative risk assessment tools in the decision
making process for electricity planning. Such issues include a consistent delineation of
boundaries of different fuel cycles; widening and completeness of data; methods for the
assessment of impacts particularly on the environment and dose-effect relationships for
chemical agents and the long-term effect of waste disposal technologies; and methods for
the treatment of severe accidents risks. It is also indicated that aggregation of the
different time scales of risk, in the comparative risk assessment process, should be
accompanied by clear indications of these time scales. All components of the integrated
risk value should be fully exposed.
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A different perspective on the need for sound data on health and environmental
effects particularly for the coal and nuclear industries in the United Kingdom is
highlighted in the statement "The Need for Environmental Data irr the United
Kingdom".G.E. Betteridge. Good data on health and environmental impacts are needed
in this case for cost estimations of coal and nuclear electricity generation options in the
United Kingdom, particularly the costs of emission controls and environment protection
including SO2 and CO2. In this case, the data base could be used for internalization of
the costs of health and environment impacts thus reflecting the true costs of energy
options under consideration.

In the paper on "Medical Aspects of the Development of an Environmental DataBase taking into Account experience in Keeping Population related Cancer Records".
W. Mehnert and S. Hähnel are concerned about the medical aspects of the development
of an environmental data base taking into account experience in keeping population
related cancer records. Information on the data and associated problems for maintaining
such data bases of the National Cancer Registry (NRC) of the former German
Democratic Republic are presented. NRC data on cancer occurence in individuals or
groups covers the entire territory of the former German Democratic Republic; they can
be combined with data on occupational or environmental exposure available from other
institutions. Information on radiation related health risks in the southern districts (e.g.
Saxony) are also available. Data were used for health planning,epidemiological research
etc. The authors conclude that in collecting data the different items should classified as
core items and optional items with appropiate priority.
The concept of ecological pay-back time for products and energy savings is
introduced in the paper "Ecological Pay-Back Time for Products and Energy Savings".
P. Hofstetter. It concludes that energy saving may not always lead to environmental
protection.Products and processes adopted for environmental conservation may also have
environmental impacts which should be taken into account. It is sugested in the paper
that for the production of materials and development of activities in the field of energy
conservation we need better environmental data and methods for comparative risk
assessment for different products, and energy fuel cycles.

Complex industrial systems have associated health and environmental risks.In
order to evaluate such risks, data on environmental/health impacts should be collected
and integrated into the structure of a data base.In the paper "Assessing and Managing
Health and Environmental Risks from Energy and Complex Industrial Systems in the
Zagreb Arera". N. Malbasa and Z. Kisic investigate the possibility of organizing an
information support system to assist studies for a risk management project in Zagreb
area. As initial phase in risk management it is necessary to form a unique (registrar)
cadastre of all existing hazardous activities and substances in the investigated area.
Additionaly, a cadastre of air pollutants in the Zagreb area will include information on
the increased concentrations of sulfur dioxide and solid particles. The emission cadastre
will be organized in the form of a data bank, simple to manipulate, evaluating emissions
by categories, presenting results in tabular form, allowing data to be accesed by models
in view of short term forecasts of emissions.
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The papers "Energy Sources in Israel and Their Impact on the Nearby Population
According to Subjective and Objective Approaches" and "Residual Fuel Usage in Haifa
Region (Israel):Changes in Emissions and Their Impact on Environmental Health". A.
Tamari. present the result of epidemiologic surveys relevant to ambient SO2
concentrations in particular, from energy generating and other industrial facilities in the
Haifa and other regions of Israel. The first paper indicates that the use of coal in the
power stations and refineries in the study areas have a lesser impact on the environment
and health than that of residual oil, in terms of SO2 and reported chest illness in
children. Increased public awareness and concern about pollution, is stated to influence
the results of surveys. In the second paper, Tamari refers to the practice adopted in
Haifa, of switching to a lower S content fuel during adverse weather conditions in order
to minimize the impact of SO2 emissions. The conclusion is made that a high reduction
in overall SO2 emissions has been achieved during the last 10 years in the Haifa Region
as reflected in lower SO2 concentration in the air. The paper reports that there is also
some improvement in pulmonary function among .the children although the paper
suggests that, in view of contrasting trends and results, the effects of pollutants from
nearby, chemical manufacturing should also be investigated.
In the paper "EDB: A Flexible Database for Energy Environmental Analysis".
B. Biewald et al. from the Stockholm Environment Institute-Boston the environmental
data base developed by them is described. It currently contains data, gathered from an
extensive review of the literature and from other sources of compiled data on emissions.
EDB can be used as a stand-alone data base or integrated within an energy planning
system. The data base is designed as a two-dimensional matrix: rows are source
categories (energy demand, processing technologies) columns are the effects categories
representing the air, water, solid waste emissions and direct health/safety impacts (in
terms of emissions) produced by sources. Each such source-effect combination can be
stored in the coefficient data base. The structure of the data base includes the
bibliographic references and a documentation note for each coefficient cell in the data
base.

The needs and the framework for the development of a data base of
environmental impacts on energy projects in the Philippines are introduced in the paper
"Development of a Database for Determination of Environmental Impacts of Energy
Projects in the Philippines". A.D. Supetran. The author investigates the information
requirements for energy projects under the Philippine Environmental Impact Assessment
System and outlines the data and information needed for comparing environmental
impacts for the coal fired and geothermal power plants. Data/information needs for the
Project Description (costs, required volumes of water, raw material supply), for Site
Description geology information (hydrology and water quality, meteorological data,air
quality, terrestrial/aquatic biota) and for Socio-Economie description (land use,
population densities, morbidity and mortality rates, number of affected households).
Radioactivity analysis data of coal fuel are to be documented for various coal combustion
products.The author concludes that there is a need for better schemes for impact
prediction of energy development and utilization in the Philippines.
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The paper "Database Concerning Environmental Impacts of Energy Generation
on the Territory of the former German Democratic Republic". U. Zuppke and M.
Grosse, introduces the features of a database concerning environmental impacts of
energy generation systems on the territory of the former GDR. These include:

databank of the power producing industry (information on power economy which
comprises the entire process of primary energy generation including conversion
and use and data on the brown coal mining industry such as agriculture and
forestry acreage,areas for water management);

data on monitoring environmental impacts such as emissions (dust, SO^
fluorine, chlorine, ammonia); munissions (concentrations of harmful sustances),
and waste repositories (dumping sites);
data on environmental radioactivity and radiation exposure such as radioactive
contamination of the environment by artificial radionuclides, radiation exposure
of the population and occupational radiation exposure;

data on health impacts (infant mortality, life expectancy, cancer morbidity, chronic
bronchitis, respiratory diseases) and information ondiseases due to chemical or
physical impacts,dusts,etc;
data on different types of accidents (at work, traffic accidents, during different
activities).
The authors conclude by highlighting the need of developing of
environment/health relevant data banks based on an internationally uniform
methodology. Inter-disciplinary working groups should be established to further examine
the structure between energy-environment-health.
A brief outline to the IAEA- Energy and Economic Databank is incorporated in
this Technical Document. The databank is a collection of information and data gathered
from UN-sources, OECD and other international organizations. Among the information
contained in the data base are data on population, energy, electricity (nuclear and
non-nuclear), economics of electricity generation. Information as historical and future
values on energy refers to production, imports, exports, stocks of all fuel types and total
energy consumption values are included. Electri-city sector includes historical and
forecasted values on installed capacity, production, imports/exports of electricity.
Database contains relevant information for countries as well as regional/world levels.

The paper "Description of Methodology for Calculating Historical Energy
Consumption and Associated CO2 Emissions", J. Hocking, presents a methodology for
calculating worldwide historical energy consumption and associated carbon dioxide
emissions developed by the International Energy Agency. The data used are based on
information provide in annual OECD questionnaires: oil, natural gas, solid fuels and
manufactured gases, and electricity. By introducing initial emissions factors and elements
of the energy balances the database generates data on CO2 emissions with special
emphasis on the electricity generation sector. Each of the 24 OECD Member countries
are included in the data base, as well as the total for all OECD countries and for three
distinct regions (Pacific, North America, OECD Europe).
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In the paper "Preliminary Assessment of the Environmental and Health Impacts
of Nuclear and Coal Fuel Cycles". Yang Yin et al. report on the environmental impacts
and health effects of coal and nuclear fuel cycles in China. Data of interest for China
are presented in a comparative manner;epidemiological investigations in Shanxi province
indicate that the incidences of chronic pulmonary diseases and infant congenital
malformation were apparently increased over the fall-out areas of coal-fired power
stations and coal mines. The authors outline the framework of a research project on
environmental assessment of nuclear energy and other energy systems. The main
features of the project are: environmental and health impacts of coal and nuclear fuel
cycles, environmental impact assessment of coal transportation, cost accounting of
nuclear and other energy sources, health risk assessment.

The paper "Human Health Effects of Coal Energy Technology". W. Krewitt and
R. Friedrich, identifies and quantifies in a systematic approach the human health impacts
attributable to the production of electricity from coal in one region of Germany. Special
attention is given the development of a consistent methodology for the calculation of the
human health effects in view of creating a computer aided technique that will facilitate
a standardized risk calculation. The paper concludes that for the case in hand,
underground coal mining is the main source of occupational impacts but that public
health risks are much more uncertain and air pollution poses the largest potential risk.
Models have to be developed in order to produce more reliable quantification of human
health effects caused by air pollution.
The paper "Life-Cycle Analysis for the Assessment of Environmental Impacts". B.
Wahlström, presents the structure of a model and a database devoted to the life-cycle
analysis of industrial products for the assessment of environmental impacts. The data
cover a large variety of industrial sectors; the whole life-cycle of the products has to be
considered when the environmental impacts are calculated. The author considers that
the data format could be standardized in view of exchanging data between differrent
studies and to enlarge the quality of the studies.
As additional tools for assisting energy planning process, G. Schörner and
R. Schönstein outline proposals for an Environmental Manual for Power Development,
as a World Bank project under preparation.
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COMMENTS ON ENERGY RISK ANALYSIS

A.F. FRITZSCHE
Swiss Nuclear Safety Committee,
Pontresina,
Switzerland

Abstract

The paper identifies and discusses the significant issues concerning the current status of
risk analysis for energy systems: the definition of fuel cycle boundaries, the time
dependency of risk estimates given variations over time in the technology and in the state
of technological development of any energy system, the aggregation of the various
dimensions of health risk, and the treatment of severe accidents. The aim of energy risk
analysis is to determine the magnitude of the various categories of risk as objectively as
possible. Most risk of the conventional fuel system have a relatively sound statistical
basis. A main problem is the determination of the health risks of atmospheric pollution.
Risk analysis for most renewable energy systems necessitates further development. The
paper points out that the long range aim of energy risk analysis might be to obtain risk
figures accurate within about a factor of two. In a few areas, this goal has now probably
been reached, but in others much work remains to be done, while in fields such as the
health risks due to noxious emissions, the stage is never likely to be reached.

1.

Introduction

In the years 1987-88 the author undertook a critical review of
the world-wide literature on the health risks incurred by the
various options for the production of electrical energy, the aim
being to assemble information which would allow inter-system
comparisons of the risks of large-scale plants which could be
built today under typical Central European conditions.
This work was performed in connection with a series of energy
scenarios which were requested by the Swiss parliament to illustrate the possibility, prerequisites and consequences of a withdrawal from the production of nuclear energy in Switzerland, this
as background material for a possible future decision in this
sense ( 1_) . The main results of this study have been published
(2^, 3^) and shall not be addressed further here. This work and
the perusal of the relevant literature over many years have given
the author the opportunity to gain some insight into the development and the present state of the art of energy risk analysis and
into its methodological and practical problems. Some comments on
these problems form the theme of this paper.
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The scope is limited to the health risks of electrical energy
production. Clearly there are many other negative consequences
connected with one or other, or with all options for the production of energy which any policy decision in this area will have
to take into account. Of these, environmental impacts are of
particular relevance today. A large part of such environmental
impacts are, however, a result of the emission of noxious substances in the course of the realization of any energy cycle,
and they are thus covered at least indirectly in what follows.
The aim of energy risk analysis is to determine the magnitude of
the various categories of risk as objectively as possible. In the
majority of instances, such risk figures are based directly or
indirectly on the statistical-actuarial processing of our experience as to the frequency of accidents, injuries, illnesses and
fatalities in the many situations encountered by workers and the
public during the course of the production of energy. Clearly,
however, decisions with subjective elements play a role even in
judging whether a certain statistic is appropriate to the specific
situation of interest, while subjective decisions are unavoidable
when the original data, e.g. emission rates, must be converted to
health detriments or if the frequency of rare events must be
synthesized with the help of basic statistical information on the
reliability of components and models of the systems concerned. It
is obviously necessary that such decisions and the rationale
behind them are fully documented. In much of the past literature
in this field, such documentation leaves much to be desired.
In view of the fact that many of these subjective decisions are
up to a point rather arbitrary, normative international agreement
such as that on the recommendations made by the International
Commission on Radiological Protection (ICRP) in the field of
ionizing radiation would simplify both energy risk analysis as
such, as well as the comparison of the results of such endeavours.
To take some steps in this direction would be very appropriate
within the framework of a meeting such as this one.

In what follows, in many diverse areas more questions will certainly be raised than answers can be given. This seems quite in
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order at the beginning of a meeting like this, and it is to be
hoped that at the end of our discussions at least some appropriate
answers will emerge.
2.

Fuel cycle boundary definition

It is by now axiomatic in the risk assessment field that the risks
associated with the production of energy are composed of the sum
of the risks resulting from all steps forming a part of the whole
energy cycle concerned. This cycle normally begins with the procurement of the fuel, continues with its transformation into
directly useable form, reaches its climax, so to speak, with the
energy conversion process, to end with the final disposal of all
wastes produced. In the early days,this was not or could not yet
be put into practice as systematically as later, so that the results of many early risk estimates are of little relevance today.
Probably the first person to attempt an assessment of the health
risks of the regenerative energy systems, H. Inhaber, in a study
(_4) which (rightly) raised violent criticism for quite other
reasons, was also the first to draw attention to the fact that
the risks relating to the construction of all plants used in an
energy cycle, together with the risks incurred by the production
of all raw materials needed, must properly also be charged to the
energy produced. More recent work aims to include also these risk
components, but this is not always done with the consistency one
should expect.
This line of argument is logical and the definition of the boundary
of a fuel cycle on this basis appears straightforward. But this is
hardly the case. If the risks of producing all raw materials are
included, should this also include the risks of mining the iron
ore? And what about the risks incurred in the construction of the
factories to make the steel? All these preliminary steps require
energy. Must the risks of producing this energy also be included?
And how about the accidents to which the workers are subject on
their way to work?
One could go on and on in this way. True, the relative magnitude
of the risk stemming from such preparatory activities tends to
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become smaller and smaller the further one gets from the main
line of the energy production process. But this is specific to
a particular fuel cycle, so that the importance of certain of
these elements will be rather different for the fossil fuel and
nuclear cycles with their high flux energy conversion on the one
hand and for the material intensive, low energy flux solar and
wind cycles on the other. Another case in point is the enrichment of uranium. The energy requirements per unit of separative
work are around 20 times higher for enrichment by the diffusion
and the jet process {Trenndüse) than by the centrifuge process
(J5) , so that the proportion of electricity production risks is
not necessarily negligible in the first case.
In addition, there is some discussion among risk analysts whether
gross risks or rather net risks should be determined. The latter
take into account a possible restructuring of the economy due to
the additional materials requirements postulated on the basis of
an Input-Output-Analysis. Questions can also be raised of the
kind, whether the steel used to build a particular plant would
not have been produced in any case. If the amounts of materials
required are small relative to the total production, then no
problem should arise. However, the glass requirements in a large
solar energy based economy could easily be of the same order of
magnitude as present production capacity, so that the corresponding economy would undoubtedly be influenced.
These few indications have shown that one can get into very complex arguments if one attempts to be strictly logical and precise.
In the interests of simplicity and practicality it would seem to
be necessary to agree pragmatically on some artificial boundaries,
even if these are, in the final analysis, somewhat arbitrary.
The definition of such boundaries would be a worth-while effort
within the framework of an international discussion of a suitable
format for energy risk analysis.
3.

Choice and comparability of energy systems

The choice of the type of energy systems to be assessed will
usually be determined by the aims of the study. However, to enable

a risk assessment to be performed, plants with specific technical
characteristics must be postulated, and here a further set of
problems can arise.
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It would generally seem reasonable to define plants on the basis
of present day technology. This would seem to guarantee comparability, for the risks of old plants will always be higher than
those of corresponding new ones. But this does not necessarily
mean that these comparisons will also be valid in the future,
after plants have undergone further development, and such comparisons are often undertaken with the future in mind. It is unlikely that the conventional fossil fuel systems will see major
risk reducing development, but most of the new renewable energy
systems are still in an early development stage. Their technology
is likely to experience very considerable improvement in the coming decades and in fact must do so if the-se systems are to become
economically competitive. How can the risk reduction potential of
such unforeseeable developments be guessed at today? In the light
of this argument, present day estimates of the risks of fusion
energy, whose practical feasibility even has not yet been demonstrated, can hardly command much confidence.
It is clearly necessary to compare the risks of energy systems on
the basis of the same kind and equal quantities of useful energy
produced. A comparison of risks due to the production of electrical energy on the one hand with those due to the production of
heat for domestic or industrial purposes or with energy for transportation on the other is out of the question. Thus the risks
must be related to a specific quantity of energy in the appropriate end-use form, or to a measure directly related to this: for
electricity say 1 gigawatt-year electrical, for heat energy perhaps the heating needs of 1 million houses per year or for transportation 1 billion passenger kilometres or miles.
Focussing now on the apparently simple case of electrical energy,

a first problem arises from the fact that materials and labour
requirements, and thus the corresponding risks, as well as the
costs, vary inversely with plant size. For conventional fossil
fuel and nuclear power production, large centralized plants of a
5w 1OOMW to about 1OOOMW capacity are the rule. But lately, at
aast in European countries, there is much discussion of smaller

decentralized power plants, both for the single-purpose production of electricity as well as for combined heat and electricity
production. Individual photovoltaic solar and wind energy systems,
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however, have as yet not been and will usually never be built in
anything like this size. On the other hand there is, from a technical point of view, no lower limit to the plant size of these
systems with respect to their capability to produce and feed
electricity into a grid. Extreme differences in plant sizes will
certainly distort any comparison of energy production risks.
But that is not all. No energy system can produce electricity
continually, without interruption. Such interruptions can be due
to purely technical reasons. No machine functions without occasional component failures or other disturbances which call for a
cessation of operation. And every machine requires maintenance
at regular intervals. Fossil thermal power plants generally have
load factors around 60 to 70%, modern nuclear power plants achieve
75 to 85% and above. Thus one single plant will never be in a
position alone to satisfy an uninterrupted energy need. In a large
electricity grid such non-availability is easily compensated for,
particularly in view of the fact that much of the shut-down time
can be programmed beforehand. Nevertheless, it remains a fact
that any single energy production plant has to count on the availability of a source of back-up energy during the time that it is
inoperable.
The new renewable systems which utilize the energy of the sun and
the wind are a special case. The sun shines only during the daytime - if at all - and the wind also is very dependent on weather
conditions, so that in general the load factors of such energy
systems are far lower than the figures mentioned above for conventional plants. Because other production units of the same kind
are no help in this case, it becomes somewhat more difficult to
define a clear basis for comparison with other systems.
It is generally agreed that the inevitable day-to-night variations
must be compensated by the provision of appropriate energy storage
facilities and that the corresponding risks of construction, operation and maintenance of such facilities must be charged to the
energy produced. However, during more extended periods of nonproduction due to cloudy skies or lack of a minimal wind speed,
these systems must rely on other energy supply facilities. Here
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the discussion is quite open as to how the necessary back-up
energy should be produced and to what extent the corresponding
risks should be charged to the renewable energy system concerned.
The concrete solution chosen can depend strongly on the character of the national energy supply system, so that it might be
rather more difficult to solve this problem by means of a normative decision. Problems of the non-equivalence of energy quality
also crop up in the utilization of hydraulic energy from storage
and from run-of-the-river plants insofar as the risks of these
plants are determined individually.
Another aspect which arises in the determination of the risks of
energy production and which has, to the author's knowledge, only
been addressed in some of the latest work, is the fact that quite
a few of the boundary conditions can vary substantially from
country to country, or at least from one part of the world to
another. This problem must be kept in mind in particular by an
international organization presenting numerical figures in this
field.
As an example it may be mentioned that the risk of fatal accidents
of the workers in coal mines appear on the average to be twice
as high in West German mines than on the average in UK and US
mines, and this risk is considerably higher still in Eastern
Europe, in China and in developing countries.
\

A major part of the health risks to the population results from
the emission of noxious substances during the production of base
materials or the operation of the power stations. The extent of
the social health detriment is directly proportional to the
specific emission rate of such substances and to the size of the
population affected, i.e. to the population density around the
plant. The regulation of these emission rates, however, varies
from country to country, as do the population densities. The
risks resulting from the transportation of fuel, materials and
wastes can vary considerably depending on the mode and distance
of transport, both of which are determined by country specific
conditions. And as a final example: the specific power production
of a solar plant situated in Arizona is of little relevance to
solar electricity production in most parts of Europe.
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Many risks, on the other hand, vary little regionally, though
even general accident statistics often show non-negligible variations, presumably at least partly due to differences in category
definitions. In the strict sense, then, there are no universally

valid risk figures. A risk analyst will have to become clear in
his mind in which geographical frame his assessments are to be
performed, taking into account, among other things, that perhaps
not all stages of a fuel cycle will or can be realized in one and
the same country. For example, Switzerland and France import all
or much of their coal from very diverse parts of the world.
An organization attempting the presentation of more generally
applicable risk figures has the choice of two solutions. The range
of risks quoted can, on the one hand, include the full scope of
individual risk values in each specific category, from the lowest
to the highest values found. This will in many cases lead to
results which, because of their imprecision, can be of little use
for policy decisions. On the other hand, risks can be determined
for clearly specified regions, which have some similarity in the
relevant boundary conditions, such as North America or Western
Europe, and the full range of risks then quoted for these regions.
In the past, a major part of the energy risk analyses were performed in the US, more or less in agreement with the second approach, but the risk figures obtained were not always relevant for,
say, Western European conditions. Reviews presented by international organizations have in many cases been quite a hotchpotch of
figures from the most diverse sources.
As the methods and practice of energy risk assessment have improved, it becomes increasingly necessary - as well as possible - to
account for the more important systematic regional differences
and thus to obtain more precise and correspondingly more useful
risk figures, at least for the more conventional energy systems.
4.

Health detriments and the possibility of their aggregation

Even if one limits a risk analysis to health risks, a whole list
of risk categories must, in principle, be considered. A wide

range of injuries due to accidents and illnesses can occur in the
course of the many processes involved in energy production, be-
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ginning with those of a trifling nature up to events leading to
invalidity or premature death. It is obviously difficult to define
unequivocal limits for classes of injuries and illnesses of
different seriousness and even to define a cut-off below which
such health effects shall not be considered, and which will be
interpreted in the same way by everyone concerned. Thus, statistics of accidents and of non-lethal injuries and illnesses are

notoriously incomplete and unreliable and, where available, hardly
comparable from case to case. In the author's opinion they are
of little use for risk comparisons for this reason. In the early
days of risk analysis, figures for the frequency of injuries were
not infrequently derived from fatuity statistics by the application of a more or less arbitrarily determined factor - obviously
a futile undertaking.
Thus, health risk analysts are usually limited to the determination of the risk of premature death. In the sense that death is
unambiguous, fatality statistics are likely to be complete and
thus reliable, perhaps with a certain proviso in the case of
death through illness due to possible uncertainty in the diagnosis.
On the one hand this is a considerable restriction within the
wide spectrum of health detriments, but nevertheless a restriction to that form of harm which is generally judged to be the most
serious. In any case, like the tip of an iceberg, the frequency
or risk of death is usually quite a good indicator of where the
major health risks occur.
In addition to the possibility of immediate death, either due to
an accident or an acute disease, ionizing radiation and chemical
pollutants can have effects leading to delayed death. Of particular significance is the possible occurrence of cancer, either

after a latency period of some decades following an acute exposure
or after an extended period of chronic exposure. The assessment
of such delayed risks forms an important part of energy risk
analysis.
The agents mentioned, radiation and pollution, finally can also
lead to teratogenic and/or mutagenic or genetic damage, that is,
to impaired development of an unborn child or to damage to the
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decendants of the exposed person. Considerable information is
available on both of these potential consequences in the case of
exposure to ionizing radiation, our knowledge in the case of the

many chemical pollutants of relevance in energy production, however, is extremely limited or practically nonexistent. For this
reason, few attempts have been made to estimate the corresponding
risks.
The risk analyst must, of course, determine the magnitude of
these very different potential health detriments one by one. He
is now confronted with the problem as to what extent should he
keep these risk categories separate from each other in the final
presentation of his results and what possibilities for their
aggregation into combined categories he can afford to employ. He
will have to explain these results, not in the first place to
specialists like himself, but rather to laymen such as the politicians and policy makers will usually be. Here any condensation
of the quite intricate and extensive information would be welcome.
On the other hand, however, it is well known that the layman perceives the various categories of risk very differently (6^) . Death
as a result of an accident and a late death are felt to be of
quite different quality. An accident at work is judged as something wholly different from an accident to an uninvolved bystander.
In the author's experience, aggregation of such different categories of harm jeopardizes any meaningful communication with the
layman and should therefore not be undertaken. Nevertheless,

acute fatalities among workers, whether these occur in a coal mine,
during transport operations or during the operation of a power
plant can fairly be referred to one and the same category, just
as late cancer fatalities among the general public can form another
category of harm, whether these are predicted as the consequence
of radiation exposure or of exposure to chemical pollution. In
this line of thought, then, the following categories should be
distinguished:
Persons at risk:
Cause of harm:
(occurrence:

occupational
accident
immediate

public
disease
delayed)

which in combination lead to four separate categories of harm.
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In early risk assessments the aggregation of consequences to

health was demonstrably excessive. Immediate and delayed fatalities were frequently simply summed up/ as were fatalities among
occupational personnel and the public. More and more the view has
come to prevail that this cannot be defended and that it is, in
the final analysis, counterproductive. A comparison of the health
risks of energy systems should be performed category by category,
leaving it to a final overall judgement to bring these individual
consequences together. It should here be stressed that this overall judgement is by no means a purely professional matter but
rather a uniquely sociopolitical one, implying as it does a whole
series of value judgements which must weight the various categories of harm one against the other.
It is to be deplored that even in some recent work (_5) this principle is not yet accepted, acute and late fatalities being treated as one single category. Another habit, frequently practiced
even today, mainly in the US, is to aggregate injuries and fatalities into a measure: "Worker Days Lost" (WDL) or "Man Days Lost"
(MDL), where one fatality is equated usually to 6000 days lost.
The author feels this should be avoided, not only for the reasons
of principle just discussed, but also in view of the general
untrustworthiness of injury statistics.
A category of risks which should be clearly set apart from those
risks which can be determined on the basis of actuarial evidence
are the risks of delayed harm, particularly cancer, as a result
of radiation or chemical pollution. The fatalities determined in
the former group are deaths which have actually occurred and which
will, in a statistical sense, occur again in the future with the
frequency ascertained.
The second group comprises fatalities which have to be calculated
on the basis of a theoretical dose-effect relationship. Such a
relationship extrapolates the extent of harm which has been determined at high doses down to doses frequently many orders of magnitude lower. At such low doses it is not possible to demonstrate
any harm experimentally or epidemiologically, because the harm in
question - cancer - is unspecific, that is, can have many causes,
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most of them unknown, which cannot be separated from the agent
considered. In fact, then, in this case the risk of harm is based
on a hypothesis; it can be just as likely that there is no harm
whatsoever, at least at very low doses.
In the case of ionizing radiation, there is world-wide agreement
on the assumption of a linear dose-effect relationship, without
a threshold, down to zero dose. This postulates that there is no

harm only at zero dose. It is agreed that in most cases this
hypothesis is conservative, i.e.
that it overestimates the harm.
Our knowledge of the harmful effects of the many kinds of chemical
pollutants emitted in the framework of the various energy cycles
is far more rudimentary than of those due to radiation. In practice, the problem is simplified by taking S0_, sulphates or either
of these together with particulates as an indicator of the complex
mixture of noxious substances emitted. Clearly, this is a very
rough approximation when one considers how varied the composition
of the emissions can be. Epidemiological studies to determine
dose-effect relationships are even more difficult here than in
the case of radiation. In the past 20 years at least 30 reviews
of the mass of literature in this field have appeared, with quite
diverse recommendations.
Though the existence of a dose threshold below which no harm
occurs is very occasionally postulated, here too a no-threshold
dose-effect relation is almost universally assumed. This again is
a conservative assumption, but one which seems all the more justified by the fact that there is, in contrast to radiation, no
natural background dose level for
most of these pollutants,
but at the same time already a by no means negligible non-natural
pre-exposure of the population. In any case it appears judicious
to postulate essentially similar hypotheses as a basis for comparisons of the risks of nuclear and fossil fuel energy systems.
One wonders whether there is room here for a discussion among
specialists with the tentative aim of agreeing on a dose-effect
relationship as a working hypothesis for health risk comparisons,
just as there is presently universal agreement on the use of a
linear, no-threshold hypothesis for the effects of radiation?
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There are many other questions which the determination of health
risks can raise. Only a selection of these can be no more than

mentioned here.

With respect to the dose-effect hypothesis for radiation just
cited, it must be recalled that the risk coefficient, i.e. the
slope of the linear dose-effect curve, is presently under review
since the Hiroshima-Nagasaki data have been reevaluated on the
basis of a revision of the dosimetry used hitherto. It is expected that the best estimate of the risk coefficient may be increased by the appropriate international organizations by a factor
of between 3 and 5 in the near future. This will increase the
assessed hypothetical radiation risks proportionally.
The radiation risks to the public are themselves the result of
calculations of the propagation of the radioactive substances
which are emitted from the plant being analysed and their distribution among the population in the vicinity, the doses which thus
arise being transformed to harm by the application of the doseeffect relation. Because radioactive substances have very different half-lives, the question arises as to the extent of the temporal as well as the spacial integration of their harmful effects.
On the basis of a no-threshold dose-effect relation, the integrated
harm can become quite considerable even if doses are extremely
low, if this integration is performed over a very extended region
or over a very long time period - a case of multiplying a very
small value with a very large one. Thus the consequences of the
emissions of long-lived carbon-14 from the nuclear fuel cycle
have been calculated on a global basis and up to a period of
10*000 years {UNSCEAR, 1982). In a special context this may perhaps have some meaning, but for purposes of comparison of nuclear
with other risks it would be quite unreasonable. Rather, one
would need to give the concept of a de minimis dose *) some consideration, that is, the normative definition of a very low dose,

*) "de minimis non curât lex". Legal principle: The law does not
bother with trifles.
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below which effects are taken to be so small, that they can be
disregarded. This implies the integration of harm over a limited
distance and a limited time period, both of which would need to
be fixed by general professional consensus.
Another point at least worth mentioning is the fact that premature
death from some causes can systematically occur only relatively

late in life, thus being responsible on the average for considerably less shortening of life than that due, say, to a transport
accident, which can happen to a person of almost any age. This
again is a difference in the quality of the corresponding risks,
which has not, as yet, been specifically considered in risk comparisons .
A final point concerns the significance of late health effects
quite generally, best illustrated by the incidence of pneumconiosis (black lung disease) under miners. This disease can lead to
death through progressive massive fibrosis (PMF), but only after
something like 30 years. The present day statistical incidence
of such fatalities is thus a picture of the conditions in the
mines during the last 30 or more years. Which risk of PMF fatalities should one now take into account; the incidence rate
presently effective or the rate expected under the improved conditions existing in today's mines?
5.

The problem of severe accidents

A category of risks with very special characteristics results
from the possibility of a very severe, though very unlikely
accident of a technical system. The very low probability of such
an event means that there has been little experience of their

occurrence, particularly during the operation of new technological systems. Nuclear power plants are a case in point. Here the
problem of quantifying the risks has been solved by the introduction and systematic development of probabilistic risk or
safety analysis (PRA, PSA). Though PRA, in the final analysis,
also draws heavily on statistically assembled experience of
failure rates of system components and operating personnel, the
results obtained have a character and significance different from
those of purely statistically determined risks, which must not
be forgotten when comparing risk figures.
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The most striking aspect of severe accidents, which became manifest most noticeably after the publication of the first results
of a PRA by Prof. N. Rasmussen in the USA, is the most fundamental
difficulty which the average citizen seems to have in the perception of a low probability event. From the basically objective
point of view of the risk analyst, the risks incurred by a severe
accident are, as in every other situation, a function of the
magnitude of the possible harm and of the probability that this
harm will materialize. Here, both the harm and the corresponding
probability can vary, usually over a wide range. Purely from a
mathematical point of view one can determine an average risk, the
so-called expected value. This figure is,' even from an objective
point of view, not quite satisfactory, because it treats an event
with a probability of 1 in 100 per year causing 10*000 simultaneous
deaths as equivalent to an event causing 100 deaths regularly
every year, one at a time. Clearly, the consequences for society
of 10'000 deaths all at one time are in many ways more difficult
to overcome than those of the same number of deaths occurring one
by one.
What, however, sets severe accidents completely apart from all
other categories of risk is the subjective perception of such an
event by the man on the street ( 6_). The harm caused by such an
accident, usually graphically described by the media, can be
impressive and fear provoking, and dominates his valuation of the
event. The second element of the risk, the low probability, he
demonstrably misperceives, usually by many orders of magnitude.
The great popularity of lotteries, where the chance of winning
the main prize is often in the order of 1 in a million, is a
typical expression of this.
This widespread misperception of low probability severe accidents
is the reason why this type of risk must also be dealt with as a
separate category, here also further differentiated according to
the four categories listed on page 10, These cannot be compared
directly with the other risk categories discussed previously. A
final estimation again implies value judgements, which must be
made quite independently of the objective risk determination. For
this reason, all attempts, repeated again and again, to account
for the subjective overemphasis of the harm by defining some new
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sort of "severe accident risk" as probability times an overlinear function, often an exponential function of harm, are
totally misguided. The subjective and frequently highly emotional
valuation of certain risks must be considered within the frame-

work of a socioeconomic process and must be kept quite apart from
the objective determination of the numerical value of risks.
In view of the enormous attention paid in the public to the possibility of a severe accident in a nuclear power plant, at least
since the events at Three Mile Island and in Chernobyl occurred,
it is quite surprising that the occurrence of severe accidents in
the frame of other energy cycles are hardly taken note of. Of
course, if at all, such events are usually reported by the media
in only a few sentences. As a matter of fact, such events are so
frequent that quite meaningful statistics exist on a world-wide
basis. During the last 20 years over 200 workers lost their lives
in coal mine disasters on the average every year. The average
loss of life in the oil energy cycle due to capsizing oil platforms, fires and explosions in refineries, tank farms and during
transport was over 100 per year, in the natural gas cycle almost
as many. Hydraulic dam disasters accounted for an average of over
200 deaths per year.
It is incomprehensible to the author why the risks of severe
accidents in the non-nuclear energy fields have to this day not
been analysed. The statistical material needed, namely the corresponding accident and energy production statistics, is available. This is by far the most serious omission in 20 years of
energy risk analysis, and it should be corrected as soon as
possible.
6.

Concluding remarks

The present status of energy risk analysis is rather heterogeneous,
In all areas, more detailed statistical data on labour requirements and accident frequencies would be welcome. But global
accident statistics are not always sufficient in some trades,
where risks in different fields of work can differ considerably.
Thus the general statistics for the building trade are inappro-
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priate for the determination of the occupational risks during
the construction of large hydraulic dams, where working conditions
are considerably more dangerous than on average building sites,
particularly in alpine regions.

Most risks of the conventional fuel systems have quite a good
statistical basis. The main problem here concerns the determination of the health risks of atmospheric pollution, which has
already been mentioned. Risk figures for nuclear energy production
on the basis of the light water reactor cycle are rather well
documented. Other nuclear cycles, such as those based on the high
temperature reactor or the fast reactor, call for considerably
more work, while it is probably premature to present risk estimates for fusion energy.
The state of the art of risk analysis for most renewable energy
systems still leaves much to be desired. Many of the problems
here have also been discussed. Risk analyses should be performed
hand in hand with the further development of these energy systems,
but it will be some time before well-founded risk figures will be
available permitting final conclusions relative to the other
energy systems. Figures for the risks of hydraulic energy production are still rather unsatisfactory, but one feels that much
basic data must be available which is waiting for appropriate
processing.
The long-range aim of energy risk analyses might be to obtain
risk figures accurate within about a factor of two. In a few
areas this goal has now probably been reached, but in others much
work remains to be done, while in fields such as the health risks
due to noxious emissions this stage is never likely to be reached.
Of the scatter which one finds between the figures of different
risk assessments, one must be aware of the fact that probably the
larger fraction is due to the countless possible real differences
in the specific details of the energy cycles studied, while only
part is due to actual uncertainty of individual figures. As everyone active in this field knows, however, risks which are to be
compared very often differ by far more than factors of two, in
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many cases differences will be one or more orders of magnitude.
In such a situation quite unequivocal conclusions can be drawn
even from the results of many of today's risk analyses.

REFERENCES

j_

Expertengruppe Energieszenarien (EGES): Energieszenarien; Möglichkeiten, Voraussetzungen und Konsequenzen eines
Ausstiegs der Schweiz aus der Kernenergie, Hauptbericht,
Februar 1988; Zusammenfassung, Februar 1988, Eidg.
Drucksachen- und Materialzentrale, CH-3003 Bern

2^

A.F. Fritzsche: Gesundheitsrisiken von Energieversorgungssystemen; Von der Kohle bis zu Energien der Zukunft
und den Rohstoffen bis zur Entsorgung, Verlag TUeV
Rheinland, Köln, 1988

_3

A.F. Fritzsche: The Health Risks of Energy Production, Risk
Analysis, Vol.9, No.4, December 1989, 565-577

4_

H. Inhaber: Risk of Energy Production, Report AECB-1119,
Atomic Energy Control Board of Canada, Ottawa, 1978

_5

U. Kallenbach, E. Thöne (Hrsg): Gesundheitsrisiken der Stromerzeugung; Daten, Fakten und Bewertungen; Vergleich
aus energietechnischer Sicht, Verlag TUeV Rheinland,
Köln, 1989

6_

A.F. Fritzsche: Wie sicher leben wir ? Risikobeurteilung und
-bewältigung in unserer Gesellschaft, Verlag TUeV
Rheinland, Köln, 1986

56

COMPARATIVE RISKS OF NUCLEAR ELECTRICITY:
A FRAMEWORK FOR DECISIONS
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Abstract

Comparative risk studies should be considered as an input into the decision making
process for energy planning and development. Adequate data should be used; databases
should be designed to accommodate such data. The social and environmental factors
which influence decisions on the choice of energy systems are considered to be structured
in a hierarchical form. In this way each risk can be separately quantified and then
combined appropriately to reach a final decision. A proposed technique for dealing with
these complex decisions is the multiattribute utility analysis. This method will facilitate
an appropriate use of quantitative and qualitative information in a data base with
technical factors and health and environmental impacts of different complete energy
systems for electricity generation.

1.

INTRODUCTION

An electricity utility must decide whether an investment in
nuclear energy would be profitable in the short to medium term
relative to other potential investment opportunities. A country
must decide how best to use its indigenous fuel supplies and to
protect itself against the undue external political and economic
pressures that may be associated with fuel imports. However,
society is beginning to recognise that many of our energy
problems are of global significance and that environmental
problems such as the greenhouse effect and ozone depletion affect
us all.

Decisions on energy involve complex moral issues. All forms of
energy supply have some effect on our environment and, either
directly or indirectly, provide benefits and pose risks to
individuals and society.
Different sources of energy are
difficult to compare. For example, how does one compare the
remote probability of a serious accident at a nuclear power
station with the very uncertain consequences of CO emissions
from fossil fuel burning? The consequences of a nuclear accident
can be quite accurately predicted but their likelihood is very
remote. The input of CO from fossil fuel burning is reasonably
certain but the consequences very uncertain, given our present

understandings of global climate and the greenhouse effect.
people most affected by a nuclear accident are those in
vicinity of the power station. The people most affected by
emissions may be on the other side of the world? they may be
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least able to protect themselves against rising sea levels,
floods and catastrophic effects on weather and agriculture. How
do we value our own and others' lives in such circumstances?

The social and environmental risks which influence decisions on
the choice of energy systems can be structured in a hierarchical
fashion which enables each risk to be separately quantified and
then i. jmbined appropriately to reach a final decision.
Multi-attribute utility analysis is a valuable aid to decision
making in such circumstances where many, and possibly diverse,
criteria need to be considered. Some of the advantages and
limitât! >.s of this approach are illustrated for the health
impacts <. nuclear and coal-fired power stations.
2.

MULTI-ATTRIBUTE UTILITY ANALYSIS

Multi-attribute utility analysis is a technique which allows a
consideration of factors other than straightforward costs and
benefits valued in monetary terms.
Its purpose is not
necessarily to make better decisions, although the more
structured environment that it provides should assist in this
respect. Rather, it is to provide a very clear statement of the
way in which a decision has been reached by making the underlying
premises and values more explicit and encouraging awareness of
the sensitivity to the weighting placed on each factor. The
principal benefit is thus communicating a decision to others,
since the agenda is set, relative values are explicit and the
implications of another point of view become transparent.
The technique is more fully described elsewhere (e.g. Watson and
Buede, 1987).
It requires that the different factors or
attributes which have a bearing on the decision should be
identified and related within a structure which enables each to
be valued. The values may be monetary. However, the use of a
utility function may be more appropriate in some circumstances.
A utility function describes the equivalence, or indifference,
between the values used for two different attributes.
In
general, the attributes will be valued in different units and the
utility function will be non-linear. Definition of the function
is not trivial. It requires the decision-maker to think very
carefully about each attribute and its relative valuation in a
process which is sometimes called elicitation.

This note presents preliminary work to investigate the potential
of a decision aiding software package, HIVIEW, developed by the
London School of Economics. HIVIEW assists the structuring of
attributes into a hierarchy. It enables the valuation of each
attribute for every option, and guides the relative weighting of
branches of attributes within the hierarchy. The programme
presents options ranked in order of preference with the
possibility of displaying sensitivity to hypothetical changes in
the valuation of attributes and their weighting.

Suppose that we wished to compare the relative merits of
electricity generation from nuclear power and fossil-fuel
burning. Clearly we need to consider the whole spectrum of
activities from mining to power generation and finally to waste
disposal. The impact of each of these on society and the
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environment must be characterised. We must consider normal
operation and potential for catastrophe. We must consider both
public and occupational exposure. It might be argued that we
should also distinguish between a fatal accident and exposure to
radiation leading to the chance of fatal cancer sometime later in
life. Already we have defined 24 factors for consideration and
we have so far only considered effects on human health.
There are obviously several ways in which these factors can be
structured.
In theory, the same decision should be reached
regardless of the structure. But in practice, deciding on the
weightings for each factor can be made easier by careful choice
of a sensible structure. For present purposes, we can simplify
the decision since we are interested in a broad understanding of
the principles rather than reaching a detailed decision. We
will, therefore, restrict our attention to power generation. In
particular, we will consider a simple comparison of nuclear
versus fossil, focusing on the issues that arise in the valuation
of human life.

In this case I have categorised the inputs to the final decision
under the broad headings of normal operation and potential for
catastrophe. The latter is defined as a substantial disaster
attributable to the plant under consideration which leads to
multiple fatalities amongst the public. This structure makes it
easy to accommodate not only the uncertainty in the chance of a
catastrophe but also the disparity between publicly perceived and
actual risks. In each case there may be effects on the health of
members of the public and station staff. Effects on health may
range from mental to physical injury, from illness such as asthma
to fatality. Here I will consider only fatality, which will be
classified as either prompt or delayed.
For example, an
industrial accident resulting immediately in death will be termed
prompt; a death from fatal cancer occurring many years, perhaps
10 or so, after exposure to radiation will be termed delayed.
The resulting decision tree is shown in Fig 1.
What values shall we place on each of the eight fundamental
attributes influencing this comparison? This will depend to some
extent on the nature of the comparison which is being made. Let
us assume that we are considering the relative merits of two 1000
MWe stations, one nuclear and the other fossil-fired.
3.

OCCUPATIONAL AND PUBLIC FATALITIES

3.1

Normal Operation

Firstly, consider occupational fatality in normal operation. We
can characterise both types of fatality in terms of the numbers
that might occur. They will, of course, inevitably be very small
even if we consider the station lifetime rather than the annual
rate. The fatal accident rate at UK nuclear power stations
operated by CEGB was about 30 per million per year over the 20
year period from 1968/9 to 1987/8 (Hoaksey, 1990). On this basis
one might expect only one fatal accident during the lifetime of a
power station. The Nuclear Electric design target for maximum
annual individual dose on the Sizewell B PWR is 10 mSv, which
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FIG. 1. Hierarchy of attributes for human health.

would be expected to result in an average annual individual dose
of 5 mSv and an annual station dose of 2.4 man-Sv. In practice,
it is expected that we will do better than this. However, using
the latest ICRP risk estimates, about four additional fatal
cancers might be anticipated amongst the workforce due to the
collective dose accumulated over the station lifetime.
In order to produce an overall value for occupational fatalities,
we need to decide on the relative weightings of the prompt and
delayed components. There are two principal options. We could
weight them equally, arguing that it is irrelevant whether death
occurs promptly or is delayed. However, a fatal cancer resulting
from radiation exposure is unlikely to be manifest until many
years after that exposure. Loss of life expectancy might be a
better index of harm in these circumstances (e.g. ICRP, 1977;
1985) .

Hoaksey (1990) has applied this approach to judgements on the
tolerability of risk from occupational radiation exposure. The
mean age at death for an occupational accident in a mixed working
population is about 40. The individual loss of life expectancy
corresponds to the mean life expectancy at age 40 and is about 35
years. Each prompt fatality should therefore be weighted by 35
to give the population loss of life expectancy in units of years.
The increased risk for most fatal cancers resulting from
radiation exposure may be described in terms of a relative risk
model. The natural incidence of a particular cancer increases
with age; the increased risk due to radiation exposure is
described by a constant factor over and above this natural
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incidence. The individual loss of life expectancy for a fatal
cancer may be estimated at about 12 years. Thus each delayed
fatality due to cancer should be weighted by 12 to give a
population loss of life expectancy of 48 years.

Table 1 sets out the results of these calculations.
It is
important to put these numbers in the correct perspective. The
four fatal cancers attributed to the PWR are very few compared
with the 200 or so that might be expected in the workforce from
natural causes. They will be statistically undetectable. It is
only because we have so much detailed information on the effects
of radiation at high doses and dose rates that we can attempt
such predictions. It is likely that workers in a coal-fired
power station are exposed to carcinogens associated with coal
and/or coal burning and that a small number of fatal cancers will
be caused as a result. But we know insufficient to make even a
tentative prediction of the numbers involved. Of course the
picture is somewhat different if accidents to workers and the
public in mining, fuel transport and waste disposal are taken
into account.
The scales of these activities for fossil fuels
are much greater than for nuclear and therefore result in larger
numbers of fatalities.

Table 1.

Occupational fatality over the 40 year lifetimes of

1000 KWe coal-fired and nuclear power stations

Option

Pronpt

Delayed

Itotal

Fatalities

HE* (y)

Fatalities

II£ (y)

Coal-fired

1

35

?

?

FWR

1

35

4

48

Fatalities

LLE (y)

>1

>35

5

83

* LLE = Loss of Life Expectancy

Now let us consider public fatality in normal operation. The
principal effects for both coal and nuclear arise from discharges
of effluent; prompt deaths are zero. Once again our knowledge of
radiation effects is sufficient to make a reliable estimate of
the numbers of fatal cancers which are likely to result from
operation of the nuclear power station. The public collective
dose which will arise for the PWR at Sizewell B is estimated to
be about 0.13 man-Sv per year, which corresponds to less than one
fatal cancer during the station lifetime. The actual value may
be treated as an expectation for the purposes of evaluating loss
of life expectancy and corresponds to three years. The health
effects of flue gases and particulate emissions from coal-fired
power stations are more difficult to evaluate. A working group
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of the World Health Organisation (1986) concluded that available
data indicated a minimal risk to the health of individuals
associated with inhalation of sulphuric acid aerosols at ambient
concentrations although in sensitive groups (eg asthmatics,
children and individuals with a hypersensitive respiratory

system)

the

possibility

of

diverse

pulmonary

effects

from

short-term exposure to sulphuric aerosols at 0.1 mg m
cannot be
excluded. They also considered indirect health effects and noted
that acid rain may have deleterious affects on drinking water
quality, intake of trace elements and leaching of toxic materials
from watersheds and sediments. The Commission on Energy and the

Environment (1981) was concerned about the particulate component
of the emissions, specifically: polycyclic aromatic hydro-carbons
in general and benzo-a-pyrene in particular; trace elements such
as arsenic; and radioactive elements. The Commission concluded
that there remains uncertainty about the carcinogenic effects of
such materials now released into the atmosphere and it would be
unwise to allow such discharges to increase unnecessarily.
We do not know how many cancers might be attributable to the
carcinogenic effects of such air pollution in the UK. However,
Fremlin (1989) has estimated that there could be as many as

10,000 cancers per year.

He derived this value by comparing

mortality in urban and rural areas and making a conservative
allowance for possible differences in smoking habits.
This
approach is difficult to justify and it is difficult to apportion
these deaths between electricity generation and other sources
such as transport. Total emissions are comparable but the former

are released from tall stacks. Even if one assumes only a 1%
contribution from fossil power stations, it can be estimated that
a 1000 MWe unit will have caused about 100 fatal cancers during

its lifetime. The loss of life expectancy in this case is not
clear but for the purposes of illustration let us assume that it
is the same as for a fatal cancer caused by radiation exposure.

These estimates for public fatality are presented in table 2.
Table 2.

Public fatality over the 40 year lifetiaes of 1000 HWe

coal-fired and nuclear power stations

Option

Protpt
Fatalities

Coal-fired

3.2

Delayed

LL£ (y)

0

0

0

0

fatalities

Itotal

LLE (y)

100? 1200?
<1

3

Fatalities II£ (y)

100? 1200?
<1

3

Potential for Catastrophe

A full consideration of nuclear accidents is beyond the scope of
this paper. For the present purposes of illustration, it is
sufficient to consider the frequency and consequences of a
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hypothetical big accident like that which happened at Chernobyl.
The comparison will be made with postulated consequences of the
global climatic change due to fossil fuel burning. These are
episodic in nature and, therefore, most appropriately considered
alongside nuclear accidents.
The accident at Chernobyl was not the worst that could happen but
it was a good indication of what a big nuclear accident is like
in practice. About 30 people died, mainly as a result of
fighting the fires which raged during the first few hours after
the accident. Another 100,000 people were evacuated from an area
of 30 kilometres or so around the plant. The radioactivity which
was released was detectable around the world. However, the
radiation doses for all except those closest to the plant will
have been small compared with the natural background from cosmic
rays and the primaeval radioactivity which pervades our
environment.
The effect over the next 50 years throughout
European Russia will be about I extra cancer for each 1000 which
occur naturally. Further afield the effect will be even less.
To any individual the increased chance of cancer is insignificant
but very large numbers of people are involved and the overall
effect might be that about 15,000 will die prematurely from
cancer, 12 years or so earlier than they would have done
otherwise. There have been reports that about a quarter of a
million workers were brought in for the clean-up operations.
Their doses were nominally limited to 250 mSv although some
observers have suggested that the actual doses might have
exceeded this limit in some cases by an order of magnitude. One
might anticipate about 2000 fatal cancers amongst these workers.
These fatalities are summarised in Table 3. Thirty-five years
and 12 years have been assumed for loss of life expectancy for
prompt deaths and fatal cancers respectively. It is appropriate
to associate these consequences with a notional capacity of 1000
MWe.

The fatalities resulting from the postulated global climatic
change due to fossil fuel burning have been considered by Clement
(1989). He estimated that there might be 1 million sudden deaths
in floods, 10 million delayed deaths from starvation and 100
million people forced into permanent migration. The choice of
appropriate values for loss of life expectancy resulting from
sudden deaths in floods and delayed deaths from starvation is not

straightforward. Catastrophic flooding due to rises in sea level
is most likely to affect unprotected areas like Bangladesh.
Areas such as the Sahel region of Africa are very vulnerable to
drought, with consequent potential for starvation.
The life
expectancy in both areas is well below that in North America and
Europe.
For the purposes of illustration, losses of life
expectancy of 20 years and 10 years will be taken for sudden and
delayed deaths respectively. These values are summarised in
Table 4. The attribution of these fatalities to individual units
of generating capacity is complicated. A very simple approach,
which may be justifiable at the margin, is to argue that effects
should be apportioned on the basis of the contribution to the
total input of carbon dioxide to the atmosphere from the burning
of fossil fuels since the start of the industrial revolution.
Some allowance would also have to be made for the contribution of
carbon dioxide relative to that of the other greenhouse gases.
This crude calculation suggests that 0.001% of the effects
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Table 3.

Fatalities resulting from a big nuclear accident
such as that which occurred at Chernobyl

Fatalities

Occupational
Public

Table 4.

30

Total

Delayed

Prcrpt
LL£ (y)

Fatalities

1000 2000

0

0

15000

U£ (y)

Fatalities

Il£ (y)

24000

2030

25000

180000

15000

180000

Fatalities resulting from postulated global climatic
change due to fossil fuel burning. (Clement, 1989)

Sudden Deaths

Delayed Deaths

in Floods

from Starvation

Fatalities

Global

10

1000 We

10

II£ (y)

2x10
200

Fatalities

10
100

LLE (y)

10',8
1000

Total

Fatalities LLE (y)

l.lxlO7

110

1.2X108

1200

resulting from postulated global climatic change should be
apportioned to 40 years operation of a 1000 MWe coal-fired power
station. The corresponding fatalities are given in Table 4.
The fatalities under consideration in this section cannot be
straightforwardly compared with those for normal operation.
Instead, it is necessary to multiply by the chance of occurrence
in order to derive expectations of fatality. Modern design
standards should ensure that the annual chance of any given
reactor having a big accident would be no more than l in a
million. The expectation of fatalities resulting from a big
accident during 40 year lifetime of a 1000 MWe nuclear power
station are shown in Table 5.
The situation is somewhat
different for global climatic change. In this case the chance of
occurrence is actually a judgement of the likelihood that
predictions of global climatic change might be sustained. For
the purposes of illustration, a 1 in 10 chance is assumed. The
resulting expectation of fatalities is shown in Table 6.
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Table 5.

Expectation of fatalities resulting from a big accident
during the 40 year lifetime of a 1000 MWe nuclear power
station

Protpt

Fatalities

Delayed

HZ (y)

Fatalities

Total

LLE (y)

Fatalities

U£ (y)

Occupational

0,001

0.04 0.08 1

0.08

Public

0

0

0.6

0.6

7

7

(Big accident fatalities taken from Table 3; 10~
frequency of big accident)

Table 6.

1

p.a.

Expectation of fatalities resulting from global

climatic change which might be attributable to a 1000
MWe coal-fired power station

Praipt

Public

Delayed

Fatalities

IIZ (y)

Fatalities

1

20

10

Total

LLE (y)

Fatalities

100

11

II£ (y)

120

(Attributable fatalities taken from Table 4; 1 in 10 chance
that prediction of global climatic change might be sustained)

3.3

Weighting Public and Occupational Fatality

How should public fatality be valued relative to occupational?
One might consider that they should be given equal weight or one
might argue that the former results from involuntary exposure and
should thus be weighted more highly. On the other hand the UK
National Radiological Protection Board (NRPB) has suggested that
the monetary valuation of radiation dose should increase with
increasing level of individual exposure (see eg Webb, 1987) so
that a unit of occupational collective dose would generally be
valued more highly than a unit of public collective dose.
A baseline value of £5000 per man-Sv is now recommended (Robb and
Wrixon, 1988) which must be multiplied by a factor greater than
or equal to 1 in order to reflect individual risk aversion
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towards increasing levels of individual dose as shown in Fig.2.
Above 1 Sv the detriment to health will increasingly be dominated
by non-stochastic effects in single organs.
The element of
judgement introduces uncertainty and results in a spread of
values for each individual dose. This curve applies to both
workers and members of the public. For example, the multiplier
for routine public exposure is unlikely to exceed a factor of 2 ;
the multiplier for occupational exposure to 5 mSv per year would
be between about 4 and 6. NRPB are considering whether these
values may need revision following the recent ICRP draft
recommendations on radiation risks and dose limits.

161-

12
o

•*-»

O

où

I

i__i
0
10-4
Iff*
Annual Individual Dose (Sv)
FIG. 2. Uncertainty factor reflecting individual risk aversion towards increasing levels of
individual dose.

3.4

Weighting Normal Operation and Potential for Catastrophe

Application of actuarial principles would suggest that a fatality
arising in normal operation should be weighted identically to an
expected fatality resulting from a catastrophic event. However,
the latter will generally result in multiple fatalities and
society tends to view such events more critically than accidents

to individuals. For example, a 1 in a million chance that 1000
people might be killed is viewed far more seriously than a 1 in
1000
chance that an individual might die, although the
expectation is the same in both cases. The basis for this
aversion to more serious accidents is not well understood. A
detailed discussion is beyond the scope of this note.
For
present purposes, it is sufficient to recognise that some people
advocate that expected deaths in accidents should be weighted
more heavily.
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4.

VALUE OF LIFE

The monetary valuation of life underlies the valuation of
radiation dose which was considered in Section 3.3. It also
provides a common basis for judging the relative valuations of
health effects on the one hand and the economic consequences of a
big reactor accident or global climate change on the other.

A report for CEGB by the Environmental Risk Assessment Unit at
the University of East Anglia (Fernandes-Russell et al, 1988)
considered the advantages and disadvantages of the various
methods for monetary valuation of human life and presented
results from an extensive review of the literature in three
sectors; industry, medicine, and transportation. It concentrated
on 'statistical life', i.e. situations in which the identity of
the individual at risk is unknown, although a survey of legal
compensation for fatal accidents in the UK was included for
comparison.
Four methods may be used to evaluate statistical life: human
capital, individual revealed preference, expressed preference and
regulatory
revealed
preference.
Their
advantages
and
disadvantages are summarised in Table 7.
Broadly speaking human capital provides a value for life in the
range of £10k to £1M, very similar to the range of values for UK
compensation for fatal accidents. Individual revealed preference
yields values in the range of £100k to £10M, principally derived
from compensating wage differentials in industry.
Expressed
preference for expenditure on transport and in the nuclear
industry also produces values in the same range; in the medical
field the range is from £lOk to £10M.
Values determined from regulatory revealed preference exhibit not
only very wide ranges in a given sector but also exhibit
significant variations from one sector to another:
Sector

Value of life

Medical

0.003 - 0.3

Road

0.001 - 0.5

Air

0.1 - 0.3

Chemical regulation

0.003 - 100

Nuclear industry

0.1 - 500

It seems that the most satisfactory methods for deriving a value
for assessment of investments in safety are based on expressed
and individual revealed preferences which yield values in the
range from £0.1M
to £10M. It might also be concluded that
expenditures on safety implied by regulatory revealed preference
are not being judged on a coherent basis, with substantial underexpenditure in the medical sector and over-expenditure in the
chemical and nuclear industries.
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TOBLE 7.

SUMMARY OF EMPIRICAL METTOCS TO FVATIRTg A STATISTICAL LIFE

Method

Dérivation of Value of Life

Advantages

HUMAN CAPITAL

1) At best, future earnings give
Present value of future
earnings foregone due to
only a minimum estimate.
death. (Factors other than 2) Earnings provide consistent
earnings can be included).
valuations.
3) Enables explicit differentiation
between earnings and other
factors (suffering, bereavement).
4) Readily available data for
evaluation.

Disadvantages
1) At worst, future earnings have no
relationship with value of life to

individual or society.
2) Difficulties for the valuation of
non-earners.
3) Factors other than earnings are not
consistently applied.

WILLINGNESS TO PAY

Expressed

Derived from a hypothetical

preference

choice (in practice fron
questionnaire responses).

Revealed

1) Reflects individual's choice and
1) Reflects a valuation fron hypothepreferences.
tical choice rather than actual
2) Based on theoretical foundations.
choice.
3) Particular ranges of risk reduction 2) No ceiling on hypothetical
can be investigated.
expenditure.
4) Safety areas for which no market
3) Coherent replies require familiarity
data exist can be investigated.
with probability concepts.

Derived fron a real choice.

preference
1) Individual
preference

Derived fron individual's
choice of market goods,
time saving trade-offs or
fron wage premium/job risk
trade-offs (conpensating

1) Reflects individual's choice and
preferences.
2) Based on theoretical foundations.

wage differentials).
2) Regulatory
and resource

allocation
decisions.

Derived fran an
institution's decisions.

1) Inherent assumption of individual's
freedom of choice (eg free labour
market, availability of safety goods
for purchase) does not always hold.
2) Limited to circumstances where market
data exist.

1) Authoritative/"expert" assessment.
2) Reflects society's values through
the democratic political process.

1) Not based on individual's choices
2) Hay be distorted by extraneous
factors (eg political, historical,
administrative, professional) not
concerned with saving lives.

Monetary valuation of life is clearly an area in which it will be
very difficult to reach a societal consensus. This difficulty
will be compounded by the need to value not only our own lives
but also those of the inhabitants of Bangladesh, say. There is
no moral justification for valuing these lives differently.
However, human capital and willingness to pay methods will
undoubtedly give very different valuations.
5.

DISCUSSION

In principle, we could now compile a summary table for the health
detriments from nuclear and coal-fired power stations, expressed
in terms of fatalities, loss of life expectancy or money. We
could then enter the data into HIVIEW, make judgements on the
appropriate weighting between normal operation and catastrophes,
public and occupational fatalities, etc .and reach a decision on
which would be preferable. However, it is premature to do so
since many of the values are very simplistic estimates. Further
work is required to support or revise the assumptions underlying
them.

We may not be in a position to reach a decision but the
structured
approach encouraged by multi-attribute utility
analysis has helped to focus attention on a number of issues
which will need to be considered more carefully. Many of them
are more generally applicable to the spectrum of activities
involved in electricity generation, ie from mining through to
waste disposal. The key issues may be characterised under 4
headings:
quantification of effects on health and safety;
valuation of the detriments to health and safety; attribution of
detriments to individual generating capacity; and relative
weighting of different types of detriment.
The effects of radiation resulting from normal operation of a
nuclear power station are relatively well-known, as are the
consequences of a big nuclear accident. The major uncertainty
lies in the frequency of occurrence of a big accident. Modern
designs should make such an occurrence less likely than 1 in a
million per reactor per year; public perception of the
appropriate value for this frequency might be somewhat higher.
Surprisingly, the health effects of flue gases and particulate
emissions from coal-fired power stations are more difficult to
evaluate. There is concern about the carcinogenic effects of air
pollution resulting from fossil fuel burning. Many thousands of
cancers each year in the UK might be attributable to this source.
However, until a link is proven and the carcinogens identified,
it will be difficult to quantify the effect of a coal-fired power
station.
It is even more difficult to evaluate the likely
extent of global warming and the resulting climatic change. We
can speculate on the magnitudes of the catastrophes which might
result but the chance that our theories might be vindicated is
very uncertain.
Premature death is probably the most commonly used yet least well
understood measure of detriment to health and safety. It makes
no allowance for either the timing or the manner of its
occurrence. The concept of loss of life expectancy provides one
method for recognising such distinctions. It is also potentially
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capable of accommodating hereditary effects. However, it is not
without difficulties. For example, there is evidence that some
people would actually prefer immediate death to the prospect of a
slow decline from a dread disease. There are circumstances, for
example when judging the relative importance of health effects
and economic consequences of a big reactor accident or global
climatic change, when it may be useful to present detriments in
monetary terms. Valuation of life is a delicate topic, subject
to considerable debate. Existing studies exhibit a wide range of
values, depending on the method of valuation and the
circumstances in which the valuation is made. Mishan (1985) has
suggested that there may be a rational basis for understanding
some of this variation but he remains unconvinced that
consistency is achievable.
These uncertainties will also
underlie the valuation of radiation dose.
The attribution of detriments to individual generating capacity
is relatively straightforward for nuclear power. On the other
hand, the health consequences of air pollution and global
climatic change resulting from fossil fuel burning are extremely
difficult to allocate. In the case of air pollution, it is the
concentration of pollutants at ground level which is important.
Thus it is necessary to consider not only the relative magnitudes
of the source terms from power generation and other uses but also
the heights of release and dispersion characteristics.
Such
calculations are not difficult in principle but, as noted above,
it is necessary firstly to identify the responsible carcinogens.
Global

climatic

change

is even more

difficult to

deal

with

because we must make appropriate allowance for historical
emissions of carbon dioxide. The prospects for a convincing
assessment are unclear.
The issues considered in the above three paragraphs are
substantially technical in nature.
However, the choice of
numbers of fatalities or loss of life expectancy or monetary
valuation for quantifying the detriment to health and safety
inevitably involves judgements which will be made differently by
different members of society.
It might be expected that
individual value judgements will play an even greater role when
weighting public against occupational fatality, and normal
operation against potential for catastrophe.
It would be
unrealistic to expect a societal consensus on such issues. The
advantage of multi-attribute utility analysis is that it makes
explicit the weighting placed on each health detriment and allows
an appreciation of the sensitivity of a decision to such
weightings.

6.

CONCLUSIONS

Multi-attribute utility analysis has proved to be a useful
approach to the structuring of a comparison between nuclear and
coal-fired power stations based on their risks to health and
safety. In particular, it has enabled a clearer distinction to
be drawn between the technical uncertainties and the individual
or societal judgements which will be implicit in any decision on
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their relative merits. The technique shows sufficient promise to
warrant a consideration of its application to all viable options
for power generation, including its extension to:

Factors other than health and safety;
Complete electricity generating systems, eg mining through
to waste disposal.
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COMPARATIVE RISK ASSESSMENT FOR VARIOUS
ENERGY SYSTEMS: ISSUES IN REVIEW

S. HADDAD
Safety Assessment Section,
Division of Nuclear Energy and Safety,
International Atomic Energy Agency,
Vienna
Abstract

The paper calls for a reappraisal of some methodological and procedural issues to
strengthen the application of comparative risk assessment tools in the decision making
process for electricity planning. Such issues include a consistent delineation of
boundaries of different fuel cycles; widening and completeness of data methods for the
assessment of impacts particularly on the environment and dose-effect relationships for
chemical agents and the long-term effect of waste disposal technologies; and methods for
the treatment of severe accidents risks. It is also indicated that aggregation of the
different time scales of risk, in the comparative risk assessment process, should be
accompanied by clear indications of these time scales. All components of the integrated
risk value should be fully exposed.

Overview

The environmental and health impacts of energy systems are emerging as one of
the most important geo-political issues of this decade. Traditionally, the decision making
process concerning the nature and mix of energy systems related in the main to economic
considerations, almost in isolation. It is now well recognized that environmental and
safety considerations must play an important role in energy planning and in the
formulation and implementation of an appropriate energy mix that meets both the need
for growth and development as well as that of environmental and safety goals.
All energy systems be it based on fossil fuel, nuclear or hydro power, have an
associated health and environmental impact. Risks associated with energy production,
as with any other activity, can not be entirely eliminated. The assessment of those risks
from a particular energy system is necessary in order to reduce risks, formulate
environmental control and safety management strategies and to optimize resources
expenditure associated with the mitigation of hazards and the protection of the
environment. At this level of assessment, issues such as the "acceptability" and
"tolerability" of a particular level of risk are in many cases the subject of debate and
uncertainties. Arguments continue as to "how safe is safe enough" and "what is a
negligible level of risk". Viewed in a broader context, such arguments can be addressed
from a decision making viewpoint, when comparisons are made between various levels
of risk from alternative sources and technologies of energy systems. It could be argued
in fact that the "acceptability" of a risk can only be determined when it is viewed in the
broader comparative context of various alternatives where it can be determined as
"tolerable" for the best alternative.
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This paper outlines the current issues relevant to comparative risk assessment of
various energy systems with emphasis on their health effects. The key aspects of the
comparison process with examples of recent studies are indicated.
It must be noted that for any comparative risk assessment to be valid, two main
criteria must apply:
(a)
(b)

The comparison must be as complete and comprehensive as possible,
hence covering all the elements and dimensions of risk over the entire
cycle of the energy system
Uncertainties in the derivation of risks must be explicitly stated and
acknowledged.

It must also be recognized that the comparative risk assessment process inevitably
involves value judgements (of a qualitative nature) since society places varying values and
emphasis on different attributes and socio-economic considerations. Notwithstanding,
when performed and used in its proper context and as part of an evaluation process,
comparative assessment provides the basis for an "educated" value judgement, hence
assisting an appropriate decision making process in this regard.
Methodological Issues
Comparison of environmental and health risks from various energy sources and

technologies necessitates a systematic approach for analysis together with a consistent set
of assumptions among the various alternatives. Key methodological issues in this regard
include the following:
(a)

All steps of the energy system covering the entire fuel cycle should be
included in the analysis (e.g. mining of the fuel or raw material,
transportation, construction, production, wastes disposal). The health and
environmental risk of a particular energy option is the sum of the risks of
all the individual steps of the corresponding fuel cycle. A comprehensive
comparative assessment should include the risk associated from the entire
fuel cycle as well as depicting the various contributors to that total risk
from each componenet of the fuel cycle.

The methodological implications of the above is that the boundaries of the
various energy systems under comparison should be defined and should be
consistent across the range of the comparison.
(b)

Immediate/short term health and environmental impacts as well as long
term/delayed impacts should be included in the comparison. These
impacts are different in nature and an integrated risk indicator covering
both without them being stated separately may be misleading, hence both
impacts need to be stated and considered separately. It is misleading to
limit the comparison to the acute, immediate effects of emissions when
significant late effects may occur from such emissions.
The current state of knowledge in relation to health impacts in particular
varies significantly for various energy systems. Relative to radiation effects
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(both immediate and latent) from nuclear power based energy systems
which are generally well established, there are large uncertainties (and lack
of knowledge) concerning the health and environment effects from
emissions (particularly chemicals) from non-nuclear energy systems. These
uncertainties particularly relate to the synergistic effects of simultaneous
exposure to a number of chemicals and significantly to the latent effect of
exposure to emissions and chemicals (including both continuous and
accidental exposure to low level emissions). Such lack of knowledge in the
dose-effect relationship of non-nuclear energy systems in particular induces
uncertainties in the comparative assessment process which traditionally
have not been fully recognised. The methodological implications of the
above are that one should not evaluate only the certain impacts, but
extend the evaluation also to "potential" impacts.

(c)

The uncertainties associated with the risk assessment process including
uncertainties in input data and in the models for impact evaluation, should
be exposed and clearly stated.
A particular area of uncertainty in this regard relates to the low doses
which may be shared by large groups of the population. The health
detriment from relatively high doses are generally well established.
However, it is the usual practice to linearly extrapolate such knowledge
down to the low levels of interest without treshold down to a zero value.
This practice which is applied to radiation effects in the nuclear industry
is not uniformely adopted for non-nuclear - chemical emissions exposure
and is recognized as being highly conservative. Thus the fatalities
determined on the basis of this practice are calculated hypothetical
fatalities which can not be compared directly with registered actual
fatalities [5].

(d)

The risk to the health of workers and those to the public have to be
considered separately and could not be aggregated into a single risk
indicator since the nature, extent and level of perception for both
categories are different.

(e)

Environmental and health risks from routine operations (associated with

continuous emissions) cannot be directly compared with those associated
from accidents, particularly severe accidents of low probability/high
consequences. Severe accident risk should be treated, compared and
presented separately. In the comparative risk assessment process, it is
misleading to compare data based on actual past occurrence of severe
accidents (statistical, historical
data) with those based on
predicted/probabilistic values.
(f)

Comparative environmental risk impact should consider local, regional
and global impacts. Whilst traditionally, the assessment process tended to
focus on local impacts in the immediate surrounding of the plant or
transport mode, regional environmental issues such as acidification and
global impact of CO2 emissions in particular in terms of potential climate
warming make it essential to include broader locational considerations in
risk assessment and comparison.
75

(g)

Assumptions made about the levels of technology, both those applicable
to the production of energy as well as those associated with the degree of
environmental protection should be consistent across the range of the
various energy systems being compared. Variations in the levels of
technologies adopted at a country level are often cited as a methodological
deficiency in comparative risk assessment studies. It is an appropriate
requirement to compare up to date technologies applicable at the time and
to include a serious assessment of possible future technological
developments for all systems under comparison.

(h)

The various time-dependencies of the risk estimates should be accounted
for. Risks of entire systems can often be expressed only as overall
averages applicable at the time of the assessment process. It may be that
the actual future impact from a technological development, is not taken
into account, or that the marginal effects of adding to the system a new
technological advance is not fully included. The average risk for the entire
system may be different from that resulting from marginal additions to that
system.

Results of Comparisons

Various studies that attempt to quantify the health risks of different energy
sources and systems, particularly those associated with electricity production, have been
published since the early 1970's. The reference listing to this paper includes
representatives of these studies. To date, the environmental impacts of various energy
sources have been covered to a much lesser extent relative to health impacts in
comparative studies.

A critical extensive survey of earlier comparative risk assessment studies was
performed by the UK Health and Safety Executive [7]. Whilst noting most of the
methodological issues indicated in the previous section, the report particularly highlighted
deficiencies concerning the aggregration of the various dimensions of risk into the one
indicator (e.g. occupational and public risk, routine and accidental risk); and significantly
the uncertainties in the quantification of certain risks which may not be amenable to
quantification. This applies in particular to uncertainties in the quantification of
dose-effect relationships including the late and long term effects of exposure to agent
chemicals.
The report indicates that non-nuclear risks are often less well understood than the
corresponding nuclear risks and calls for greater understanding in relation to: the
significance of upper and lower limits to alleged chronic sulphur effects; long term
non-nuclear effects of wastes; the potential major hazards associated with certain
non-nuclear plants, and; the distinction between average risks of a system and the risk
associated with marginal change [7]. Figure 1 is an example of an earlier comparison for
a large scale centralized electricity production system for five energy systems [14]. The
comparative data are presented as indicative only, with the various elements of risk kept
separately to allow the reader to make his/her own value judgement. Severe accidents
risks are not included nor are the health risks from wastes generation. Data on the
health risk of wastes particularly for fossil fuel energy systems are either not available
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FIG. 1. Occupational and public man-days lost per GW(e)/a for five energy systems;
(STEG = solar thermal electric conversion) (Ref. [13]).

or subject to great uncertainties. The authors are careful to warn that these types of
analysis are only part of an evaluation process with the results being sensitive to a large

set of assumptions and uncertainties.
The results imply an occupational risk spectrum dominated by the construction
risk of the solar thermal electric (STEC) system and an occupational risk for nuclear
energy generally comparable with that for gas. The relatively low contribution of
occupational (fatal) disease for coal (compared to the results obtained from other
studies) is largely due to the assumption of 55 % open pit coal mining. The results also
imply a public risk dominated by coal from health effects of air emissions (COX,
NO^
particulates) with large degree of uncertainty. The accidental public risk for coal is

particularly significant due to the relatively large contribution from coal transportation
accidents.

Two more recent studies are of particular relevance to this field. Kallenbach et
al [11] reviewed a number of comparative risk assessment studies from the relevant
literature. They found that some of the estimates for single technologies differ from one
study to another. As expected, the variations mainly stem from two factors: how
complete the contributions to the overall risk level for various energy sources could be
assessed, and; uncertainties concerning dose-effect relationships for different agents and

how these uncertainties are being considered in the comparison process.
The results of the study are summarized in the bar charts in figures 2, 3 on a highly
aggregate risk basis. The assumptions adopted appear to vary for the various energy
systems where severe accidents are incorporated (mathematical expectation values) for
the nuclear energy option but not for the others. The health risk effect of wastes is also

considered for the nuclear energy option but not for the others.
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Both figures imply that energy systems based on solar and wind and nuclear
energy are in the lower risk spectrum. Niehaus [13] in a further analysis of the study
points out however that based on the results at figure 3 and if it is assumed that there
are no health effects from atmospheric emissions from coal burning and from the
disposal of coal wastes and if low-level radioactive emissions from the nuclear fuel cycle
are integrated over 500 years, then the risks from the nuclear fuel cycle can be estimated
to exceed those from coal. This highlights the importance of establishing a reliable
methodology for the risk assessment of exposure to low level doses of radiation and to
chemical substances [13].
The study by Fritzsche [5] represents one of the most recent review attempt in
comparative risk assessment for various energy sources. The results indicated in figures
4, 5 carefully differentiate between the various dimensions of risk specifically those
associated with normal from accidental conditions. The results are thought to be
representative of large modern power stations which could be built at the present time
in Europe. The uncertainties in data reliability and the scatter due to differences
stemming from various installations, processes, accident frequencies, etc. are reflected
in the ways the results are presented: the bars indicate the areas of uncertainties with the
shaded areas representing rather reliable information. Although a rank ordering of the
various energy systems from a risk viewpoint can be depicted, the absolute values must
be viewed and interpreted with care and on a relative basis in view of variations between
sites and technologies. Future technological advances for example for renewable solar
and wind energy sources may result in significant reduction in occupational risk
associated with those systems, may be to up to four orders of magnitude [5]. The
relatively large areas of uncertainties associated with delayed health risk are also worth
noting. These risks are largely determined by the health consequences of routine
emissions which are highly uncertain for non-nuclear energy sources in particular where
reliable data do not exist and; uncertainties in the assessment of very low level emissions
which may have to be shared by large groups of the population.

The risks of severe accidents should be treated and presented separately in the
comparative risk assessment. All energy systems, be it nuclear, hydropower, coal, oil or
gas have the potential for severe accidents of varying consequences and likelihood.
Table 1 presents some of the most widely reported severe accidents for various energy
sources. Table 2 groups the severe accident statistics by energy source [13]. The data
are in terms of acute/early fatalities only, since late fatalities statistics (for the
non-nuclear energy options in particular) are not reliably available.

For comparison purposes, the data have been normalized per unit of electricity
production in figures 6, 7.
Recently, the UK Health and Safety Executive published a document on
"Quantified risk assessment: Its input to decision making" [7]. Figure 8 from this
document updates the risks from various types of hazardous situations in the U.K. The
document explicitly warns to "read across" the diagramme in a quantitative way. Rather
qualitative conclusions should be drawn. Although the data are not displayed in the
figure the report notes that a necessarily very rough and ready check was made using
quantitative assessments from typical sites for installations handling hazardous
substances. It continues that "in the context of this rough and ready estimate agreement
with line 4 within an order of magnitude is as much as might be expected. Our rough
and ready estimate turns out to be rather closer to line 4 than might be expected, up to
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TABLE 1

Reported Industrial Severe Accidents Involving Energy Systems

Deaths

1969

Borroteau
(Mexico)

Fire & Gas Explosion
in Coal Mine

178

1970

Osaka
(Japan)

Explosion of confined gas
in an underground railway
construction site

92

1972

Buloways
(Rhodesia)

Gas Explosion in Coal Mine

427

1978

Los Alfaques
(Spain)

Explosion of liquified
propylene in transport
by lorry

216

1977

Amaga
(Columbia)

Explosion in Coal Mine

130

1978

Xilatopec
(Mexico)

Explosion of 10,000 litres
of LNG following multiple
pile up involving lorry and
12 vehicles

100

1978

Huimanquilla
(Mexico)

Gas pipeline fracture

58

1979

Istanbul
(Turkey)

Ship/tanker collision

55

1979

Bantry Bay
(Ireland)

Explosion of oil tanker
at berth

50

1979 Gujarati
(India)

Dam burst of hydroelectric
power dam

15000

1979

China

Offshore-rig collapse

72

1980

Norway

Offshore-rig collapse

123

1982

Tacoa
(Venezuela)

Oil explosion and fire
at power station

145

Other Effects

200 casualties

150 casualties

95,000 ton of
oil in fire

Fire in neighbourhood 1,000
casualties
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TABLE I (cont.)

1983 ZonguJdak

Gas Explosion in Coal Mine

106

(Turkey)

1983

Buffalo, NY

Liquid propane explosion
(LPG) of only 230 gallons
in 3 x 8 ft container

6

1984

Cubatao
Sao Paulo
(Brazil)

Petrol explosion following
pipeline fracture

508

1984

Mein-Shan
(Taiwan)

Fire in Coal Mine

121

1984

San Juan
(Ixhuatepec)
Mexico

Explosion of LNG
reservoirs (90,000 barrels)
flames 300 m high

452

1984

Gahri Ohoda
(Pakistan)

Explosion of a natural gas
pipeline

60

1986

Chernobyl
(USSR)

Core inventory released
from the reactor

31

1988

Pieper Alpha
(North Sea)

Oil rig fire

167

1989

Ural
(USSR)

Explosion of a leackage
from a transport pipeline

650800
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70 injured,
56 houses,
1 church,
1 large
building
destroyed

Fire in shanty
town built
illegally on
Petrobas land
lands

Fire in shanty
town 4,248
casualties,
31,000 homeless,
300,000 evacuated
300 houses
destroyed

Large areas
contaminated
130,000
evacuated - Late
effects being
investigated

A train passed
the area causing
the high number
of deaths

TABLE 2

Severe Accidents Worldwide (1969 - 1986)

For

Various Energy Sources*

Energy Severe Accidents
option No. cause

Installation

Number of fatalities
Average per
event
per year

Coal

62

mine
disaster

coal mines

10...434

Oil

6
15

capsizing
fire/
explosion

oil platforms
refineries
tank farms

6...123
5...145

about 25

42

fire/
explosion
transport
accident

transport

5...500

over 90

Natural 24
gas

fire/
explosion

various

6...4S2

over 80

Water

overtopping

dams

11.15000

over 200

8

Nuclear 1

over 200

Transient Chernobyl 31 + 130,00 evacuated
excursion
+ land contamination

* see Ref.5

about 200 deaths. The agreement is perhaps fortuitous. It does however strengthen
confidence in the power of QRA to make a realistic estimate, broadly matching
experience".
The conclusion from all the studies considered above can be made that taking into
account the uncertainties and value judgements inherent in these types of studies and
analysis and assumptions about system boundaries, variations in technologies, etc. no
strict ranking of the various energy options could be determined but that a certain range
of estimates could be broadly made where energy systems with a predominant share of
natural gas, renewable sources of energy and nuclear, form the lower margin of risk
while those predominantly with coal and oil form the higher margin.
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Notes

1 Aircraft accidents 1966-1985, UK.
2 Railway accidents 1946-1975, UK,

Line 1

From Fernandes-Russell UK experience up to N = 150,
above Ihat scaled to world experience

Line 2

From Fryer and Griffiths UK experience up to N = 100,
above that scaled to world experience Later evidence from
Fernandes-Russell for UK, 1962-1985, suggest figures
somewhat lower than those of line 2

Line 3

From Fryer and Griffiths UK experience up to N

3 Fires and explosions 1946-1975, UK,
4 All UK sites involving "major hazard substances"

5. Canvey, after improvements
6 Five PWR reactors, conforming to implied design requirements, delayed
deaths included

Line 4

Up to 28 deaths Actual experience 30-100 deaths
extrapolated from 1/25 of world-wide experience (Gill)

Above 100 deaths extrapolation modified to allow for Bhopal

7 Chernobyl, including delayed deaths (estimated)

and Mexico City Excludes transport risks associated with the
plant Points marked + and( + ) refer to work of FernandesRussell on UK chemical and petroleum industry 1966-1986
Points marked + refer to UK experience, points marked ( + )
for N greater than 28 refer to 1/25 of world experience

8 Three Mile Island, including delayed deaths

Line 6

Estimate of risk outcome of designing a hypothetical
programme of five PWR reactors in accordance with the
Safety Assessment Principles Omits risks of associated plants
such as fuel reprocessing plants Line 6 is thus not directly
comparable with lines 1-4 which represent totality of UK or
scaled world experience

FIG. 8. United Kingdom risks from certain types of hazardous situations (Ref. [7]).
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50,

above that scaled to world experience

Concluding Remarks

With the renewed interest in comparative risk assessment for various energy
sources, a re-appraisal of some methodological and procedural issues, as outlined in this
paper, may be appropriate to strengthen the application of this tool in the decision
making process. It is particularly appropriate to isolate the areas of uncertainties and
to further research and attempt to achieve concensus on how these uncertainties can be
resolved in a practical manner. Since comparative assessment will always include a
degree of value judgement, those points requiring judgement in order to reach a decision

should become visible.
A review of the current state of comparative assessments indicates that focus
efforts should relate to the widening and completeness of data base which can be agreed
upon to ensure the completeness of the analysis; research and agreement on
methodologies for the assessment of impacts, particularly dose-effect relationships for
chemical agents and long term effect of waste disposal and methodologies for the
treatment of severe accidents in the comparative process. Methods which can allow for
the effects of the various time dependencies of risk ought to be strengthened and an
attempt to develop a set of commonly agreed criteria for the judgement of various risks
would also be of benefit. Aggregation of the different time scales of risk should be
accompanied by clear indications of these time scales and the assumptions used to
aggregate. It must also be noted that risk perception should be discussed within the
frame of comparative risk assessment since the incorporation of the varying attitudes of
the public to risks into quantitative risk assessment may never be able to be fully
resolved.
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THE NEED FOR ENVIRONMENTAL DATA IN THE UNITED
KINGDOM

G.E. BETTERIDGE
AEA Technology,
London,
United Kingdom

Abstract

The paper outlines the problems facing the nuclear and coal industries of the UK and
their need for sound data on the environmental effects of different fuels. Nuclear power

is to be reviewed by the Government in 1994: the industry hopes to demonstrate that it
is an economic option for the future when the environmental costs of alternative sources

are included.

1.
As a member of AEA Technology, I am mainly concerned with
nuclear power, but the coal industry in the UK also has problems
which it is trying to overcome. New problems faced the nuclear
industry in the UK when it was proposed to privatise the
electricity supply industry by selling it to private
shareholders. The investors in the City of London did not wish
to take any risks with nuclear power and insisted that the
government should cover any costs of dealing with accidents,
waste disposal and decommissioning. In addition, they expected
to receive a real rate of return of more than 10% p.a. on their
investment and also wanted to recover their money over a period
of around 10 years.
2.
These conditions were impossible to meet for nuclear
stations, so nuclear power was withdrawn from privatisation and
kept in the public sector where the existing stations are
operated by two public companies, Nuclear Electric in England and
Wales and Scottish Nuclear in Scotland.
The future nuclear
programme was reduced and now consists of only one PWR under
construction at Sizewell.
At the same time, the financial

conditions under privatisation have led to the cancellation of
a number of large coal stations.

Any shortfall in capacity is

expected to be made up by new gas-fired combined cycle stations.

3.
The nuclear power programme is to be reviewed by Government
in 1994 just before the Sizewell PWR is completed, so experience
with construction will be important. However, gas stations are
very cheap at present and it is expected that neither coal nor
nuclear power could compete with them.
Gas prices may rise
rapidly if demand increases, as seems likely, and nuclear will
then have to compete with coal.
4.
The nuclear industry in the UK believes that nuclear power
is making realistic allowances for its financial costs and for
"dealing with waste disposal and decommissioning. Coal stations
in the UK do not yet deal with their emissions of S02 and NOX,
never mind the C02, so the nuclear industry is hoping to convince
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the government that the extra costs of dealing with coal wastes
will leave nuclear power as the most economic option after gas.
The cost of controlling the acid gases is not enough to change
the balance, but the control of C02 emissions could double
electricity prices from coal.
5.
The industry has set up a collaborative group run by the
Chairmen of the different nuclear companies in the UK, including
Nuclear Electric, Scottish Nuclear, British Nuclear Fuels and AEA
Technology.
This body, known as the Nuclear Utilities
Chairmen's Group, or NUCG, has set up a number of study groups
to prepare the case for nuclear power in 1994, and these cover
economics, environmental effects, safety and public acceptance.

6.
The UK coal industry is under pressure to reduce its
emissions of S02 and NOX according to EEC guidelines.
Before
privatisation, this was expected to require 12 GWe of existing
coal stations to be fitted with FGD plant.
However, to reduce
costs to the private companies, it has now been agreed that the
two companies operating coal stations in England and Wales will
retrofit only 4 GWe each, leaving the remaining S02 reductions to
be obtained by importing low sulphur coal and building new gas
stations to replace coal. The EEC rules are also to be reviewed
in 1994, and they may be made more stringent for the UK which was
originally given easier targets on the basis that it uses
domestic coal with 1.5 - 2% sulphur instead of imported coal at,
typically, 0.8%.

7.
British Coal is already suffering a reduction in demand (the
electricity industry uses about 80% of their output) and they are
worried that the electricity supply utilities will reach the
tighter limits by importing even more coal or using more gas.
They are also concerned that carbon taxes may be imposed to
control C02 emissions, although the British Government has ruled
this out for the present.
Consequently they are concentrating
on the development of 'clean coal' power stations based on
fluidised beds or coal gasification which can control emissions
of S02 and NOX. By fitting additional topping cycles to give
combined cycle operation, they expect to achieve costs 20% lower
than current stations with an efficiency improvement of 15% which
will reduce C02 emissions by the same amount. In addition, they
are taking the lead in an international study of the prospects
for trapping C02 emissions and storing them underground.

8.
As you can see, it is important for both the nuclear and
coal industries to have access to good data on the environmental
effects of different fuels.
Public acceptability will be
crucial for both industries.
The British people are not too
concerned about acid rain at present, since most of our emissions
blow out to sea.
Global warming may have a bigger impact,
however, and it is difficult to see how this can be controlled
without contributions world-wide from nuclear power.
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MEDICAL ASPECTS OF THE DEVELOPMENT
OF AN ENVIRONMENTAL DATA BASE
TAKING INTO ACCOUNT EXPERIENCE IN
KEEPING POPULATION RELATED CANCER RECORDS

W. MEHNERT, S. HÄHNEL
Institut für Strahlenschutzmedizin,
Bundesministerium für Jugend,
Familie, Frauen und Gesundheit,
Berlin,
Germany

Abstract

The paper relates to the medical aspects of the development of an environmental data
base taking into account experience in keeping population related cancer records.
Information on the data and associated problems for maintaining such data bases of the
National Cancer Registry (NRC) of the former GDR are presented. NRC data on
cancer occurence in individuals or groups covers the entire territory of the former GDR;
they can be combined with data on occupational or environmental exposure available
from other institutions. Information on radiation related health risks in the southern
districts (e.g. Saxony) are also available.
Data were used for health
planning,epidemiological research etc. It is concluded that in collecting data the
different items should classified as core items and optional items with appropiate priority.

Summary
It seems to be c o m m o n l y accepted that there is an u r g e n t need to
d e v e l o p for p r a c t i c a l and s c i e n t i f i c purposes a data base for the
comparative h e a l t h and e n v i r o n m e n t a l i m p a c t s of v a r i o u s energy
systems.

On the t e r r i t o r y of the former GDR, there e x i s t s e v e r a l sources of
data, which could be l i n k e d to such a data base, e.g. the data of
the National Cancer Registry (NCR).
The NCR covers the e n t i r e t e r r i t o r y of t h i s r e g i o n . A n a t i o n w i d e .
o b l i g a t o r y system of cancer case r e p o r t i n g was e s t a b l i s h e d in the
German Democratic R e p u b l i c in 1953 to h e l p o p t i m i z e care for
patients w i t h m a l i g n a n t disease. A l l n e w l y diagnosed cancer cases
must be reported by the physician or i n s t i t u t i o n r e s p o n s i b l e for
the patient's i n i t i a l treatment. A report of a new case is
completed and sent to the county cancer c o n t r o l agency (CCA)
located in each of the 227 counties of t h i s region. The form is
reviewed and a copy forwarded to the NCR. Coding of data at the
NCR is performed by s p e c i a l l y trained c l e r k s under continuous
supervision. In the course of coding and c o m p u t e r e n t r y , d a t a
undergo a variety of checks for completeness and i n t e r n a l
consistency. Errors which are i d e n t i f i e d are corrected by
reference to the reporting forms or, if necessary, by c o n t a c t i n g
the CCA or the reporting physician.

91

NCR data are used for health services planning, evaluation of
medical services and for epidemiological research. For special
investigations informations on cancer occurence in i n d i v i d u a l s or
groups can be combined with data on occupational or environmental
exposures which are collected by other institutions.

Medical aspects
Within the recent years questions of environmental hazards have
raised growing interest to the p u b l i c . Questions as air p o l l u t i o n
drinking water q u a l i t y , contamination of food w i t h certain
chemicals, dioxin, or in certain areas radon indoor air p o l l u t i o n
are under discussion as risk factors for developing diseases, e.g.

certain kind of cancers, genetic disorders and others.
Of course there s t i l l exist carcinogenic agents, to which humans
have possibly been exposed since the o r i g i n of the species, l i k e

ionizing and non ionizing radiation, mycotoxins. certain
combustion products and probably certain viruses, however
industrialization and a series of other events have been the
origin of new hazards and of new environmental carcinogens.
(Tomatis 1990).
There is clear evidence for research in identifying certain
categories of environmental risk factors, most of which possibly

are amenable to primary prevention of diseases.

Ep idem io1ogy

A very useful tool to investigate these questions is epidemiology
which used collected data in so c a l l e d exposed versus unexposed
populations or samples of populations in identifying such risk
factors.
To set up an epidemiologica1 study to identify certain categories
of risk factors it is very helpful to use already existing data
files, e.g. the data base of the National Cancer Registry (NCR).

National Cancer Registry and some other data bases to be used for
epidemiologica1 research
The NCR covers the entire territory of the former GDR. A
nationwide, obligatory system of cancer case reporting was
established in 1953 to help optimize care for patients w i t h
malignant disease. All newly diagnosed cancer cases must be
reported by the physician or institution responsible for the
patient's initial treatment. A report of a new case is completed
and sent to the county cancer control agency (CCA) located in each
of the 227 counties of this region. The form is reviewed and a

copy forwarded to the NCR. Coding of data at the NCR is performed
by specially trained clerks under continuous supervision. In the
course of coding and computer entry, data undergo a variety of
checks for completeness and internal consistency. Errors which are
identified are corrected by reference to the reporting forms or,
if necessary, by contacting the CCA or the reporting physician.
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The recorded information for each cancer case are:
Personal identification of cancer patient
Tumour : site
histology
stage
diagnosis

therapy
Further treatment
Fol 1ow-up
Individual anamnesis
Farn i 1y anamnes i s
Death, with autopsy result, if any.
NCR data (more than 2 m i l l i o n collected cancer cases since 1953)
are used for health services planning, evaluation of medical
services and for epidemiological research. For special
investigations information on cancer occurence in individuals or
groups can be combined with data on occupational or environmental
exposures which are collected by other institutions (Mehnert et
al. 1982, 1986, 1987; Staneczek et al. 1988).
In principle it is possible to link the data base of the National
Cancer Registry via the personal identification number (or by
other person identification items e.g. name, first name,
birthdate) to other existing data files (e.g. the m o r t a l i t y data
files held by the,State Statistical Office (more than 200 000
cases a year), the workplace related diseases registry by the
Central Institute of Occupational Medicine, the hospital treated
cases registry (so-called Randstreifenstatistik), the tuberculosis
and the diabetes registry.
Of course, it is in principle possible to l i n k these data also to
environmental related data f i l e s , as they are mentioned in the
already presented paper by Zuppke and Grosse, e.g. to air
pollution data (S02) collected in certain districts, looking for
correlations to the incidence of lung cancer, as it was done by
Dominok et al in the district of Cottbus with a huge brown coal
mining and production industry.

Radiation related health risks
in the southern districts

The impact of radioactivity of the population of the GDR in 1989
has recently been published (Report SAAS -389) and is summarized
in the following table. The impact of natural sources of
radioactivity for one person is about 3 mSv, mining contributed
with 0.05 mSv to this figure and radon indoor air p o l l u t i o n with
about 2,2 mSv.

In the southern districts in Saxony in the so-called Erzgebirge
mining for silver and certain metals was carried out for
centuries. In the more recent time period uranium mining has been
done by the Wismut company. The houses in this area were b u i l t up
partly on resting material of mining, connected with the hazard of
indoor radon air pollution especially in the county of Aue and
the old city of Schneeberg, which is worldwide known for the socalled disease "Schneeberger Lungenkrebs".
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In the time period of the existence of the GDR it was s t r i c t l y
forbidden, to investigate the r e l a t i o n s h i p of uranium m i n i n g
and/or radon indoor air p o l l u t i o n with lung cancer. However, now
it is possible to investigate the s c i e n t i f i c very interesting
questions of lung cancer risk of a population l i v i n g under very
high radon indoor air p o l l u t i o n conditions over centuries and of
course the lung cancer risk of a very high exposed miner
population with mo-re than 150 WLM/ anno in the early f i f t h i e s , and
the low exposed miner population in the late s i x t i e s and seventies
with less than 6 WLM, compared with unexposed populations.

The whole population of Wismut miners has been estimated by more
than 400 000 ever employed persons since 1946. A d d i t i o n a l l y , there
is also a miner population to investigate, which was employed in
the fluorite mining (Hahnel). The results of the study w i l l more
clarify the questions of modelling time-dosis-relationships.
There we have already conducted several epidemio1ogical studies,
at first a correlation study followed by case-control- and cohort
studies. For the study we are using data f i l e s of the regional
registries and the national cancer registry, the data on the
•personnel of the Wismut company, the data of the health services
of Wismut, the data of the regional tuberculosis and s i l i c o s i s
registries, data of the death certificates stored by regional and
national offices, the population figures of the State Statistical
Office, data of the workplace related diseases registry, data on
the radioactive impact and so on.
However, hopefully at least there w i l l be established a data bank
for people exposed to radon and its daughters e i t h e r by mining
(occupation) or by living conditions ( indoor air p o l l u t i o n ) ,
connected to several other data banks, to get items of interest
for further research w i t h i n the international arena together w i t h
IARC /Lyon (WHO), NCI/USA and IEAE or other national and
international institutions.

The preliminary questionaire, used in the f e a s i b i l i t y study is
asking for:
Name, first name, date of b i r t h , (personal identification
number), living status, adress, occupation, profession (Wismut
and others), confounder as smoking habit, disease related
anamnestic data (asbestosis, s i l i c o s i s etc), cause of death
coded by International Classification of Diseases, autopsy,

death certificate only.

Problems
So far it is not clear, which of the r e g i s t r i e s or data f i l e s ,
mentioned above, w i l l be able to run in the future, this
especially because of the not clear situation, who w i l l take
responsibility (which authority, administrative unit etc.), who
w i l l pay for and last not least how the work of the registries
w i l l be influenced by the new laws, e.g. the data protection law.
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Recomendat ions

1. The experience of running a large cancer registry as it is the
National Cancer Registry with a huge amount of data should be
used to establish the planned data base by IAEA, taking into
account the needed medical items and the experience in
handling large data f i l e s .
2. The items to be collected should be discussed very c a r e f u l l y ,
the emphasized princip should be not as much as possible, but as much as urgent needed, no more
3. The items should be classified as core items and opional items,
giving them a priority list
4. The items should be clear defined to be able easy to code
elsewhere.
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ECOLOGICAL PAY-BACK TIME FOR PRODUCTS
AND ENERGY SAVINGS
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Abstract

The concept of ecological pay-back time for products is introduced. It is concluded that
energy saving may not always lead to environmental protection. Products and processes
adopted for environmental conservation may also have environmental impacts which
should be taken into account. It is also suggested that for the production of materials
and development of activities in the field of energy conservation we need better
environmental data and methods for comparative risk assessment for different products,
and energy fuel cycles.
Contents
What are

environmental factors?
ecological balances?
ecological profiles?
Money Pay-Back Tune?
Energy Pay-Back Time?
Ecological Pay-Back Time?

Some examples
- Compact fluorescent lamps
- refrigerator
- energy savings from the standard to a zero energy house

Definitions
First I have to define some terms. Chemical burden of atmosphere, hydrosphere and lithosphère,
radiation (radioactive, UV, electro-magnetism, visible), resources (including energy), noise, waste
heat, water household, surface burden, vibrations and others are called environmental factors
and are usually measured in physical units (Fig.l).
An ecological balance contains not aggregated environmental data of as many environmental
factors as possible for the whole life cycle (construction, transport, use and disposal) of the product
or process. The aggregation and assessment of ecological balance establish the ecological profile.

From Money to Ecological Pay-Back Time
The money pay-back time is an often used method to evaluate how many years it takes till the
invested money is payed back trough savings or profits resulting from investments.
»*
n n i Tinvested money [$]
Money Pay-Back Tune =sayed Of gained m^ney\m

r ,
[a]

This Pay-Back Time has to be shorter than the life of the investment
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Fig.l: Environmental factors

We can define the energy pay-back time by determining how long it takes till the energy invested in a
certain energy saving project is amortized. If this amount of time is shorter than the life time of the
project, the saving is effective.
„
r> i Tinvested energy for energy saving product or process[MJ]
n
Energy Pay-Back Time =——————saved or substituted energy [MJ/a]———^

,,
M

To save from the ressource energy, the energy pay-back time has to be shorter than the life of the
investment for the energy saving.

Even if the money and the energy pay-back time are both shorter than the life of the investment, this
shouldn't lead to conclusions about the pollution of the environment
Ecological Pay-Back Time =

invested pollution of the environment for product or process [Eco-Points]
saved pollution during the operation of the product or process [Eco-Points/a]

[a]

If the ecological pay-back time for the investment planned is shorter than the life of the investment as
well, we can speak of a significant product or process.

While the calculation of the money and the energy pay-back time is relatively easy (although the
energy invested in goods isn't always known), the ecological pay-back time seems to be
»incalculable.

If we want to calculate the ecological pay-back time we first have to define a standard case and the
proposed "better" case. After evaluating the specific differences between this two cases, we have to
put up an ecological balance. On the one side we have the pollution of the environment by the
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construction, use, and disposal of the (I.e.) energy saving product, and on the other side, we have the
saved pollution because less energy has to be transformed
If we can aggregate this pollution of the environment into one index, there is no problem to calculate
the Ecological Pay Back Time. In reality it is not easy to do this because the radioactive radiation, the
use of land, and the emission of NOx have to be added. There are some methods to add these
different pollution factors, but these approaches are often arbitrary.

Here some examples of ecological balances and the ecological pay-back time are added.

Examples
In all examples different pollution factors are aggregated with the help of the immission limits. This
method has disadvantages like all others, too.
In one study, I looked at a compact fluorescent lamp, which will replace an incandescent lamp.
Fluorescent lamps use four to five times less electricity in use but are more complex and contain
mercury. The question here was: is the compact fluorescent.lamp, which burned over 8*000 hours
and gave 600 lumen light, better than incandescent lamps regarding energy and environment ?

The results were that a fluorescent lamp saves a lot of energy and air pollution but can pollute water
and soil more than incandescent lamps depending on the type of lamp. The higher expenditure of
energy for the construction of a fluorescent lamp is payed back in 60 use-hours. The Ecological PayBack Tune is from 240 to 2900 use-hours, depending on the way of electricity production. We can
conclude, that, with all hypotheses, it is tendencially better to install fluorescent lamps.
The electricity consumption of refrigerators becomes lesser with the years of development and the
question is wheter, we should replace old refrigerators which still do their work or wheter we should
wait till the refrigerator is unreparably. In one scenario, I have calculated with a refrigerator life-span
of 10 years and of 15 years in the other scenario over a period of 60 years. For each new refrigerator
I added environmental pollution for disposal of the old one and construction the new one. Between
this 10 and 15 years I calculated the pollution of the environment by electricity production. As a result
there was a small advantage for the 15-year scenario because in 20 years we have refrigerators with
very little electricity consumption but about the same cost for construction.
In a last example, we looked at the investment for energy savings in a zero-energy house. Starting
from a standard house we add one glass and two silver layers to the windows, we chosed a thicker
isolation (0.15 W/m2K), installed an air heat recovery, a sun collector, a large reservoir and a water
heat recovery. In fig.2 the saved and the invested energy for each means of energy saving are given
in bars. The energy pay-back time is given in digits. We can see that every means of energy saving is
payed back within the life-span of the product
ERZ Energetische Rückzahlzeit [a]
Haus Wädenswil

Abwasser-WRG
Speicher
Kollektor
Lüftung mit WRG
Wärmedämmung

Fenster
-90000
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links: Investierte Energie [kWh] rechts: gesparte Energie [kWh/a]

Fig.2: Energy pay back time for a zero energy house in Wädenswil, Switzerland
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Now we can calculate the same with the air pollution from construction and disposal. In Fig.3 the
Pay Back Time for the air pollution is given in digits. We can see that the isolation and the reservoir
possibly pollute the air more than the saved energy. These results are extremly vague because of
unreliable data and problems of aggregation.
LRZ Luftrückzahlzeit [a]
Haus Wàdenswil
Abwasser-WRG

Speicher
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Fig 3: Pay back time of air pollution for a zero energy house in Wädenswil, Switzerland

Conclusions

Energy Saving is not always environment protection.

The pollution of environment by products and processes derives to a large part from energy
conversion.

For production of material and energy conversion we need better environmental data with comparable
limits of system.
Methods for assessment of different products, effects, or energy systems are not sufficient enough to
draw final conclusions.
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ASSESSING AND MANAGING HEALTH AND
ENVIRONMENTAL RISKS FROM ENERGY COMPLEX
INDUSTRIAL SYSTEMS IN THE ZAGREB AREA
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Abstract

Complex industrial systems have associated health and environmental risks. In order to
evaluate such risks, data on environmental/health impacts should be collected and
integrated into the structure of a data base. In this paper the investigation of the
possibility of organizing an information support system to assist studies for a risk
management project in Zagreb area is presented.
As initial phase in risk management it is necessary to form a unique register (cadastre)
of all existing hazardous activities and substances in the investigated area. Additionaly,
a register of air pollutants in the Zagreb area will include information on the increased
concentrations of sulfur dioxide and solid particles. Evaluating emissions by categories
will be presenting results in tabular form, allowing data to be accesed by models in view
of short term forecasts of emissions.
I PROJECT BACKGROUND

Over a lengthier period of time worldwide, as well as in our own country, one can sense a necessity to
identify, assess and manage risks arising from energy and other complex industrial activities,

aiming to reduce harmful effects on the environment as well as on health of the population.

Industrial growth is essential for upgrading the standard of living in all countries. In relation to that
growth, it is inevitable to build refineries, thermal power plants and other large industrial objects, that
all may produce damaging effects in various ways to human environment Apart from daily emissions

into air and waters there is a hazard from occasional malfunctions of plants, as well as leakages
of toxic, explosive, corrosive and radioactive substances which may result with direct threat to life and

health of employees, as well as of the population residing in the vicinity of such objects.
Numerous significant industrial accidents of the last decade (Seveso, Bhopal, Chernoby!) have in a
dramatic manner imposed the necessity of better control of the risks in industrial areas.

Experience acquired so far, especially in our country, regarding the implementation of risk assessment
and risk management techniques is mostly related to the project by project analysis. Quite often the
sole basis for the overall risk assessment was the analysts of only one medium, or even the analysis
of only one polluting substance.
Interactions of various types of risk and various sorts of plants were mostiy omitted from the analysis.
Thus the results of performed analyses were often inadequate and incomplete. Risk reduction
costs were not, on principle, based upon a rational fundaments. Due to that, some projects suf-
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fered from too excessive requirements, while others, bearing much higher risks, were treated extremely mild. As mostly new objects are being studied more intensively, re-assessment of existing
objects and related risks,'as well as analyses of possible corrective actions, mainly were not

conducted.
Having that in mind, four renowned international organizations: United Nations Environment Programme
(UNEP), Internationa! Atomic Energy Agency (IAEA). World Health Organization (WHO) and United
Nations Industrial Development Organization (UNIDO) decided to join resources and initiate the devel-

opment of a project dealing with the use of integral (regional) approach to risk management. The
project should identify impacts to the environment and the health of the population, along with socioeconomical effects which have to be considered when dealing with problems usually related to industrial growth.

The Project is supposed to last six years. Within that period four main tasks should be realized:

*

to produce 6 to 8 case studies covering various areas of the world, in which methods and approaches to risk management in industrial zones would be tested and implemented

*

to produce and publish a handbook containing instructions on applied method and approach

*

to establish and update information data-base, along with the data to be used in regional case
studies concerning risk assessment and management

*

toactivelypursuetheimplementationofintegralapproach torisk management in practice, with the
special emphasis on education and training of professional teams.

II AREA OF ZAGREB AS A BASIS FOR CASE STUDY

A proposal of international agencies came as a result of their numerous previous activities. Experts
from Institut za elektroprivredu successfully participated in some of them. That helped the Zagreb
Project to be accepted. Advantages of Zagreb as an area for case study come from a very complex
energy system and at the same time being a strong industrial area. But still, it is an area with over
60.000 hectares of forests, some of them ranking among prettiest in Croatia, and also having huge
reserves of excellent quality drinking water. On the other hand it is an area of many unresolved municipal problems, with the polluted river Sava and with hundreds of illegal waste disposal sites, but also
with quality manpower resources, with solid grounds for establishing necessary data bank and
with required infrastructure for activities regarding realization of the study.

Fundamental information concerning the Zagreb Project were presented on Paris conference in
1986, while the official presentation of the Project took place in early 1989 (Athens, April 17-21 ). A
conference in Schiedam (Holiand), October 9-13,1989 provided the fundaments for Project revision.
The project was revised positively and it was expected to be formally accepted (October.1990). On the
level of interested international organizations two documents were published in the meanwhile (New
York 1987, Vienna 1988).
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The Italian Government i.e. their state association ENE A showed interest to participate in the Project
So did some other countries too. The Project is registered with IAEA through special procedure, and as
outstandingly priority research also with Ministry for Science of Croatia
Prior to activating international resources, it is expected to ensure initial funds from a domestic partner.
In that sense, a proposal for project task (Register of Hazardous Activities and Preliminary Risk Identification) as the Phase 1 of the Project is given in Attachment 1.
III PRIM AR Y OBJECTIVES

The general and long-term objectives of the proposed project are to assess and manage the health
and the environmental risks of energy and some industrial facilities in the Zagreb area, as well as to
promote, apply and establish developed practical results to other industrialized parts of Croatia and
Yugoslavia. Additionally, the project will help to achieve several immediate objectives and outputs i.e.

to eliminate problems which have adversely affected the quality and range of previous investigations.
Especially in the field of low probability/high consequence events that could lead to emergency situations, the expected objective includes criteria for emergency response plans and implementing procedures.

IV PURPOSE OF THE PROJECT
Purpose of the Project, including other similar activities, is to contribute to determining optimal solutions
of risk management to improve knowledge, skills and experience of certain public services, as well as to
increase institutional capability to react adequately in case of serious accident in industrial plants.

Final purpose of the Project is to support rather than hinder, industrial growth and development with
maximum control and management of risks such development brings along.
The expected immediate outputs of the Project are:

development of practical applications of risk management and hazard control that would be valuable in
the Zagreb area as well as in other parts of the country;
improvement of the safety policy and development of local expertise in the field of risk management;

establishment of optimal allocation of resources for risk reduction.

V EXPERT COLLABORATION ON THE PROJECT

The Project will be performed in collaboration of several institutions (or their sections) as follows:
- Institut za elektroprivredu, Zagreb (IE)
- The Institute for Health Research, Zagreb (IMI)
- Ruder Boekovi6 Institute, Zagreb (RB)
- The Health Protection Institute of the City of Zagreb

- INA - Research & Development Institute, Zagreb (INA)
- State Meteorology Services (RHMZ)
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Research team is so far planned to consist mainly of the following experts:
Name

Company

Closer field of work

Education

IE

project coordination

Ph. D. mech. eng.

Dubravko Matani<5
Alica Bauman

IE
IMI

Ph. D. Mech. eng.
Ph. D. ehem. eng.

Mirjana Gentilizza
vladimira Vadic
Jadranka Kovac
Nada Filipovié-Vincekovid

IMI
IMI
IMI
RB

steam boilers
rad. protection
air quality monitoring
air pollution
rad. protection

Nada Horvatincié
Vlasta Tomasid

RB
RB

Niko Malbaèa

Marija vrdoljak
Vladimir Jelavié
Zdravko Muzek

INA
IE
IE

Berislav nadinié
Hrvoje Kunaj
Mladen Petriôec

IE
IE
IE

Nikola Maâié
Inès Krajcar-Bronic
Bozena Plavljanid

RB
RB
INA

Edita Lonöar
Duäan Trninié

RHMZ
RHMZ

zoran Kisid
Zeljko PostruSin

IE
IE

Miroslav Juretié
-Slaven Trputec
Boris Stajer
Ljiljana Aleksié

IE
IE
IE
IE

Filoména AnuSié
Sonja Vidiâ

INA
RHMZ

Marijan Sarajlija

IE

colloid & surface
C-12
and H-3 analysis

sorption and migration
processes
hydrocarbons analysis
risk assessment
energy systems
nuclear systems eng.

Ph. D. chemistry
Ph. D. ehem. eng.
Ph. D. ehem. eng.
Ph. D. chemistry
Ph. D. chemistry
Ph. D. ehem. eng.
Ph. D.biology
M. S. mech. eng.
M. s. mech. eng.
M. S. mech. eng.

cooling systems
hydrotechnics
radionucl. migr. modeling
H-3 measurement

M. S. mech. eng.
M. S. civil eng.
M. S. physics
M. s. physics

environmental prot. in
the oil industry

M. S. ehem. eng.

dispersion in air
hydrology
thermal pollution
air pollution modeling
data base prep.
data base prep.
civil structures
hydrology
water treatment
meteorology
data base prep.

M. S. meteorol.

M. S. hidrology
B. S. mach. eng.
B. s. mech. eng.
B. s. mech. eng.
B. s. elect, eng.
B. S. civil eng.
B. s. civil eng.
B. s. ehem. eng.
B. s. meteorol.
mech. eng.

tech.

The list is not exhaustive. It should be completed in the course of the Project (probably with specialists
from certain industrial plants and with interested public services and professionals from city and republic
administrative bodies).

VI PROJECT MANAGEMENT

It is suggested that the Zagreb city government, acting as a representative of public interests, and in the
name of the Government of the Republic of Croatia, takes special care of the Project because it is of
special importance to Zagreb. It is also suggested that a committee for project leadership is formed
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under presidency of the President of City Government (or a person authorized by him), consisting as
well of the representatives of interested Ministries of the Republic of Croatia, competent project coordinator and the representatives of other interested parties.
Main duties of the Committee would comprise:
*

monitoring the Project realization

*
*
*

conveying the results and the conclusions to the authorities
establishing the mechanisms for realization of specific activities accruing from Project results
initiation of changes in the legislation and organizing some activities of public interest

*
*
*

Project promoting in media, as well as Project results
taking care of financing the Project and financial monitoring
communication with interested foreign governmental and international organizations on all aspects of

*

the Project except for specific professional, expert problems
contacts with administrative and regulatory bodies

VII FINANCING

IAEA has granted 230,000 USD for this Project, mainly for obtaining equipment end expert support
That enhances acquiring additional financial and other support from International organizations,
along with establishing certain bilateral arrangements (e.g. with Italy).

Initial funds necessary for starting the Project are expected to become available from domestic resources in a short time. Several Zagreb companies are prepared to assist in financing (e.g. The Electric Power Utility, INA-Oil and Chemical Industry, Waste Incineration Plant), although inevitable institutional frame and co-ordinating role of city (municipal) and Republic bodies is still not present in expected, full extent

VIII DIRECT BENEFITS FOR THE CITY OF ZAGREB
FROM THE PROPOSED PROJECT

Survey of necessary activities in the Zagreb area that are compatible to the proposed Project is presented below. Somewhat more detailed project tasks for certain activities are given in Attachments 1,2,3 and
4 to this document

A)

IDENTIFICATION AND ANALYSIS OF HAZARDOUS TECHNOLOGICAL PROCESSES AND
SUBSTANCES

- Register of Potentially Hazardous Activities
- List of Hazardous Substances
- Inflammable Liquids and Gases
-Explosive Substances
- Toxic Liquids and Gases
- Toxic Solid Waste and Combustion Products
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- Impact and Risk Assessment
- Hazards Identification
- Potential Damage
- Hazards Probability Quantification (concerning identified scenarios)
- Risk Management Programme

B)

AIR POLLUTANTS EMISSION

- Cadastre of Emission from Energy and Power Production Plants
- Cadastre of Emission from selected Process Industries
- Emission from Transportation
- Technical and Technological Performances of Air Pollution Control and Prevention Equipment

C)

MONITORING SYSTEM

- Air Quality Monitoring in Zagreb (revision and modernization of existing system, central data bank
organization)
- Surface and Ground-waters Quality Monitoring (the Sava river
waters, precipitation)

D)

and the tributaries, Jarun lake, ground-

MUNICIPAL AND TECHNOLOGICAL WASTE

- Waste Disposal (deposits)
- Waste Incineration Plant
- Cadastre of Water Pollutants (fluid effluents)
- Municipal and Technological Waste Waters Purification

E)

PUBLIC TRANSPORTATION

- Technical Reviews of Vehicles
- Air Pollution Control
- Sulphur and Lead Content Reduction in Fuels
- Tax and Sanctional Policy in Service of Environmental Protection

F)

ACTIVITIES OF ADMINISTRATIVE BODIES

- Legislation (regulations)

Standards
and
Criteria
- Managing Industrial Risks
- Inspections and Supervisions
- Issuing Licences and Approvals
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in

the

field

of

environmental

protection

G)

SECONDARY BENEFITS FOR THE ZAGREB AREA RESULTING
FROM THE ACTIVITIES ON THE PROJECT

- International Expertise and Assistance
- Local and Foreign Training of Project Staff
- Visits to Appropriate Facilities and Institutions in Certain Large European Urban Areas (e.g. Rotterdam
is in many details very similar to Zagreb)
- Equipment and Software Procurement
- Possibility for Financing Specific Activities by means of Internationa! Credits and Funds (e.g. World
Bank, interested countries)

Project activities would considerably contribute to better and more efficient solving of named problems, while assistance of international organizations should also not be neglected (expertise,
equipment and software procurement study tours). Half of the total value of the Project that is in
almost every detail applicable in Zagreb (not to mention secondary benefits of additional education of
our experts, and personnel training of our expert organizations, as well as of city and Republic services),
is planned to be directly contributed from international organizations.
Nevertheless, the main objective of the Project is not only to produce the study and adequate instruc-

tions and to train the manpower. Its basic value is in insisting on actual implementation of its
results in practice, in specific activitiea Therefore the fundamental prerequisite for international
support to this Project is the active participation of competent government bodies, thus obtaining a
certain guarantee that the Project shall be of actual benefit. Should that be the case, the benefit for
Zagreb would be much larger because outstandingly inexpensive funding would be available from
the World Bank and the like institutions having the interest in financing ecological programmes dealing with communal, industrialand, in general, urban infrastructure.

In that case, the subject of that programmes could include purification of Zagreb sewage waters,
sanation of Jakusevac waste dump, risk reduction in relation to energy and industrial plants, ecological
monitoring system etc.
Project results shall provide the guarantee to foreign and domestic partners and to the city government ensuring the maximum positive effects as per unit of money invested in ecological programmes
and communal system of the city.
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Attachment 1
REGISTER OF EXISTING HAZARDOUS ACTIVITIES AND SUBSTANCES IN THE AREA OF ZAGREB.
WITH PRELIMINARY RISK IDENTIFICATION AND ANALYSIS

As initial phase of integral approach to assessment and management of health and environmental risks
from energy and other complex industrial systems in the Zagreb area (and also of the project with
the same name), it is necessary to form a unique cadastre (register) of all existing hazardous activities
and substances in the observed area.

The register should record all potentially hazardous activities divided in two basic groups:
- stationary facilities (i.e. hazardous activities restricted to a particular area) and
- transport of hazardous substances.
Prior to that detailed checklist of such activities should be formed.
The group of stationary facilities should primarily comprise:
- extensive fuel (coal, fuel oil, natural gas) storages and/or processing facilities e.g. thermal power
plants (combined heat and power production plants, waste incineration plant), refineries and storages, fuel delivery stations, etc.
- extraction, production or distribution of gas,
-production and processing of specific chemical products (e.g. synthetic resins, plastics and other
synthetics, paints and pigments, drugs and other pharmaceuticals, detergents and others),
- production of non-specific chemical products and raw materials (inorganic and organic products,
industrial gases and others),
- pipelines for long distance transport of fuel and other hazar dous substances,
- other industries (food, leather, paper, glass, rubber, metal working and electronics and others)
- production and/or storage of explosives,
- extensive cooing installations,
- various public places and utilities (hospitals, swimming pools, skating-rinks, waterworks, water treatment and sewage pumping stations) and some other activities.
Mobile activities comprise road, rail and river transport of flammable, toxic, corrosive, explosive and radioactive substances.

For each registered activity in the analyzed area relevant basic information shall be given as to identify
the type of potential hazard:

- category of the activity (type of transport, storage or stationary processing plant)
- for stationary facilities
* the address

* general description of the activity
* hazardous substances (used, processed, stored or produced)
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* production of waste substances, emission of harmful waste substances to air and water
* internal transport of hazardous substances, flow of the substances in or out of the facility
* land-use in the surroundings of the facility (including population and staff distribution, existing

traffic patterns and intensity etc.)
- for transport
* type of hazardous substance (UN-number) and quantity
* type of transport

* transport routes (with source and destination points)
Whenever possible, appropriate quantitative data and information about activities in question shall be
presented, and sources shall be referenced (e.g. project or operation documentation, various permits
issued by administrative bodies, etc.).

In the course of registering, all relevant information and registers that exist at different places in
Zagreb (institutions, companies, public offices, authorities and the like) shall be collected, systematized and used adequately as input for the unique register.
By forming the register of hazardous activities and substances, hazard identification for the area in
question shall be performed, including also grouping of hazards by frequency or probability of
detrimental effects:
- continuous and/or periodic (occasional) emissions of hazardous substances i.e. routine emissions

- accidents of relatively high probability (i.e. accidents that had already occurred, and had been registered),
- low-probability/high-consequence accidents

Risk analysis and preliminary risk assessment for each registered hazardous activity shall be
-performed by including also rough estimates of all possible types of consequences for humans,
biosphere, facilities and economy. That preliminary risk assessment is necessary for ranking of registered activities and setting priorities for further analysis (up to the final risk quantification and management).
Based on previously collected data, size and capacity of facilities together with type and quantity of
hazardous substances as direct indicators of risk are to be taken into account when setting priorities.

Hazards identification and risk analysis and assessment shall be performed separately for stationary
activities and transport of hazardous substances.

Register of hazardous activities and substances shall complete so called "ecological data bank"
(containing data from air and water pollutants emission registers, meteorological, hydrological

and bio-ecological data, data on population distribution, health and socioeconomic characteristics
of the population, etc.). That is essential prerequisite for risk management in large urban and industrial
centres.
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Attachment 2

A CADASTRE OF AIR POLLUTANTS IN THE AREA OF

THE CITY OF ZAGREB

1.

PURPOSE AND OBJECTIVES OF THE RESEARCH

An awareness of the need to secure a healthy environment dictates the establishment of an efficient
pollution control and the application of such protective measures that would ensure the appropriate
hygienic and health conditions of life on a long-term basis. In Zagreb, the closest attention should be
paid to the increased concentrations of sulfur dioxide and solid particles. Unless the problem of air
pollution is approached and dealt with systematically, it could soon become one of the major restrictive
factors in the socio-economic development of the city.
Bearing the above in mind it is recommended that a cadastre of all pollutants in the area of Zagreb
be compiled as a basic prerequisite for implementation of control and the efforts to ensure cleaner
air. The cadastre of emissions is intended for use in the following areas:
* Improvement of the existing situation.
Through variation of different technical/technological and organizational measures it is possible to
establish those achieving the optimal effect
* Supplement to the measurement of ground-level concentrations

The measuring of ground-level concentrations can be applied to a limited number of pollutants and at
a restricted number of stations. If the emission is known, the concentration may be calculated at any

* point in the Zagreb urban area by means of a dispersion model and meteorological parameters The
calculated concentrations may serve as a basis from which to select the chief pollutants, to establish a
distribution of stations and to supplement measurement taking in the existing stations.
* Evaluating the emission of harmful substances.

Yugoslavia is about to sign an international convention on the reduction of S02 emission by 30% until
1993

in relation to 1980.

The emission cadastre will define the contribution to the overall figure at the

level of Yugoslavia, and through that will foresee the obligations resulting from the convention.
* Planning city development whilst at the same time meetino th?

required air quality standards

Through simulation of pollution from existing and future sources, by implementation of mathematical
models of distribution and of meteorology it is possible to evaluate the air quality in the monitored
area, as well as the contribution of each source separately. In combination with other factors it is
possible to select the most suitable energy structure and the optimum protection measures from the
economic and the ecological point of view (method of reducing emission, site selection, selection
and efficiency of purification appliances, etc.).
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The international organizations of the UNEP/IAEA/UNIDO/WHO are in the process of implementing a
project for the assessment of the overall risk in the industrial area of Zagreb known as 'Assessing and
Managing the Health and Environmental Risk from Energy and Other Complex Industrial Systems in
the Zagreb Area". This project would cover all risks originating from possible accidents and from
normal situations which involve risks of air pollution. Initiating the compilation of an emission cadastre
would enhance the approval of international aid necessary for the project in question.
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2.1.

RESEARCH CONTENTS

Data CoJiecting

The cadastre will comprise all pollution sources with an installed thermal output exceeding certain
value (to be specially specified). Assessment of emission from those sources will be carried out on the
basis of a survey. In relation with that, the following data will be collected:
a) the type of fuel used
b) a chemical analysis of fuel
c) the quantity of fuel used in technological processes
d) periods of operation and availability of plant
e) characteristics of smoke exhausts
Assessment of emission will also be carried out for sources of pollution with thermal output below the
specified value but on the basis of thermal requirements, samples and statistical data
Sources of higher emission shall be rated as point sources, and lower émission sources as surface
sources. The emission cadastre will contain all data concerning both point and surface sources. The
surface sources will be presented through quadrants covering the area of the dty.

Assessment of emission from fire boxes and technological pro-cesses will be carried out for the most
frequently occurring pollutants: SO^ NOX and solid particles.
Assessment of emission by road traffic will be carried out on the basis of the vehicle structure, intensity
of traffic, aerial distribution of traffic and information on the sales of fuel. Emissions of NO SO2,
CO, CH and Pb will be determined. Depending upon the results obtained, road traffic emission will
be presented either in the form of line or surface emission sources.
A simplified schematic diagram outlining the procedure of the emission cadastre is presented in Fig. 1.
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2.2. Calculation of Emission

Point sources

Sources for which results of emission measuring will not be known: the emission will be estimated
on the basis of data obtained through a survey. Each point source in the cadastre will be defined by
-the following data as minimal input
- name and address
- mapped position of source
- position established by Gaus-Kreuger coordinates
- source thermal output (kJ/s)
- type and characteristics of fuel used
- regime of daily, weekly and annual operation
- number of stacks, their heights and diameters
- temperature and speed of flue gases
- monthly and annual emission of SO^ NOX and of solid particles
- list and quantities of other significant pollutants emission
- types and efficiency of devices for emission reduction

All the point sources shall be indicated on a map. Categorization of sources will be carried out on
the basis of physical characteristics of sources, the purpose of the source and the emission.
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Surface sources

A process of determining emissions of the stationary energy sources may be divided into a few

phases:
- assessment of thermal requirements by individual city zones
- defining the structure of fuel consumption and the characteristics of energy utilization
- calculation of emission by individual city zones
- control of emission assessment by a global approach method
- presentation of the structure of the fuel used and of the emission by individual municipalities as

well as overall
- presentation of the aerial emission distribution on a city map
The city area will be covered by a net of quadrants representing surface emissions. Quadrant dimensions will be determined on the basis of variations of the fuel consumption structure. For each homogenous surface emission source the following has to be determined as a minimum:
- coordinates of the surface source (quadrant coordinates)
- area and elevation
- height of flue gases discharge (relative to ground level)
- period and duration of emission
- overall annual and specific emission of SO,,, NOX and of solid particles
- map presentation

Traffic

Emission of SO,* NO^ CO and Pb caused by traffic will be determined on the basis of traffic intensity in individual city zones, vehicles structure, kilometers covered and the registered sales of fuel
-within the observed area Emission can be presented in the form of line sources by individual streets, or
in a more simple manner by quadrants of surface sourcea

2.3. Organization of the Data Bank and Software Backup
The emission cadastre will be organized in the form of a data bank with the appropriate software
backup which would, among other things, have to provide the following:
- a simple approach and data manipulation
- evaluating the emission by specific categories (amount of emission, type of pollutant, position,
height of discharge, purpose, etc.)
- presentation of results in tabular form and in form of diagrams which are easy to read

- presentation of aerial distribution of emission through computer graphics and by plotting on city
map
- data recalculation and preparing in an input form for mathematical models of distribution
- short-term forecasts of emission (by day, week, month, year)
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a

TIME SCHEDULE OF ACTIVITIES

Presented next is an orientational time schedule of activities. The period foreseen as required for
completion of the entire project is one year. The number of researchers required will be determined
when the final scope of research is defined.
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1. Preparation of questionnaires and organization
of work on the project
2. Survey
3. Storing survey data into computer
4. Storing survey data into cadastre data bank
and emission registration ( final cadastre format)

5. Assessment of pollutant emission from point sources
6. Assessment of pollutant emission fron surface sources
7. Assessment of traffic emission,
8. Development of data base structure
9. Development of software with cadastre data base
of pollution sources
10. Report preparation
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Attachment 3
AIR AND WATER QUALITY MONITORING IN THE CITY OF ZAGREB

Project objective

The problem of human environment protection was not given appropriate attention in the previous growth of the city. This resulted with a significant degradation of the quality of environment,
especially concerning air. Although within the last ten years, due to gasification and heating facilities
spreading in the city, there is an obvious trend of reducing the air pollution, the situation is still far

from desired. The measurements show, for example, that the contents of sulphur dioxide and particles are significantly above the values considered acceptable on the long run, and state of the water
quality is similar. 11 is known that on the territory of the city and downstream, the river Sava is classified within classes III and IV for the quality of water. The structure of the existing industry indicates
possible leakages of a number of harmful and toxic substances for which as so far there is no emission measurements data.
Some of other measurements carried out so far gave valuable results, but that can not satisfy the
demands of today as per all elements (measurements range, frequency, methods, equipment organization of measurements etc.). It is necessary to carry out a complete re-construction of existing measurements in order to enable a systematic approach to the resolving of the problems of air and water
pollution.
The objective of the project is to establish the system of monitoring the quality of environment on the
level of modern organizational - technological solutions and informatics know-ledge. Such a monitoring, along with a cadastre of pollutants, is a basic prerequisite for the control and long-term planning
of the air and water quality in the area of Zagreb.
Along with the air and water quality, the monitoring will include meteorological measurements and
-pollutants emission measurements thus enabling determining the sources of pollution and the specific
actions to be taken to reduce the pollution. The contents of the actions suggested In this project are
outlined on the following pages.

Contents of the project

1. Analysis of the existing situation
A review of all existing monitoring and measurements along with the analysis of the available equipment, expert potential and measurement organization will he gi«°n. The analysis of existing situation
will establish usable potentials within the frame of unified new monitoring system.

2. Defining the network of fundamental imission stations

Locations of imission stations for continuous automatic measurement will be determined (fundamental network). For each station attributable functional characteristics will be defined (measurement
range and mode, data acquisition manners, procedures for data processing and storage etc.). Basic
measurements will comprise:
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- air quality (ground level concentration of noxious substances)
- air and water radioactivity (gamma rays and doses)
- water quality (physical-chemical indicators).

3. Defining the network of additional imission stations
Locations of additional imission stations for periodical, occasional and specific measurements to
operate in off-line mode will be determined. Additional measurements would comprise:
-air quality (e.g. concentrations: CI, F, NH3, characteristic toxic ingredients etc.)
- sedimentation and its chemism (heavy metals, sulphates etc.)
- water quality (physical, chemical and bacteriological indica tors, saprobiological tests etc.)
- air and water radioactivity

4. Meteorological monitoring

Meteorological measurements range necessary to characterize tine status of ground level and high level
atmosphere will be defined. Reconstruction of existing stations will be suggested and a location of
eventually required new meteorological station will be determined. Stations should ensure high quality
data for air quality prediction and planning.

5. Emission measurement

Based upon a cadastre of emissions of the city of Zagreb (separate task) It will be suggested which
sources require continuous emission measurement and others that require only occasional checks.
Requirements new facilities should accomplish will also be given.

6. Defining the information system
A technical-organizational scheme of information How within a unified system, considered from a measurement phase through data transfer to storage in a data bank of a central computer will be defined.
Data processing and presentation modes will be suggested.
7. Quality assurance and control
Procedures of quality assurance and control during the phases of designing, erection and operation of

the monitoring system will be elaborated.

116

Attachment 4
TECHNOLOGICAL WASTE INCINERATION

Note: Under the term "Technological waste" here it is understood primarily that part of mostly industrial
waste which due to its physical, chemical or biological features calls for special procedures of incineration or incineration remainders depositing in order to avoid health and environmental risks

Principal sources of such waste are the following industries: chemical, refining, steel, metal processing, leather tanning, paints and lacquers etc. The amounts of waste are not so important in comparison to its toxicity.
Insofar the problem of technological waste was dealt with mostly in an inadequate way:

- depositing on the site of the industrial plant or on other sites without adequate protection of underground and surface wares from pollution
- depositing of technological sedimentation muds on inadequate sites with possible contamination of
underground waters
- drainage directly into sewage facilities not considering possible detrimental effects on the environ-

ment

- incineration with no control over discharges of toxic and corrosive gases
Waste incineration is only one segment of dealing with problems of toxic industrial waste. (Under the
term "toxic waste" it is meant not only the one that may cause acute toxicity, but also the one causing
long-term effects to the environment resulting with eventual chronicle effects, including carcinogenic
and mutagenic features.

-For that reason the analysis of the technological waste sanation problem by incineration should be
supported by environing and conceptual elaboration of the whole cycle consisting of the following
main items:

1. Characterization of waste
(classification, composition, quantities, categories)
- classification may be done according to the heating value (depending on whether additional fuel
is necessary for incineration) or according to the prevailing chemical composition (organic, halogenous, metal, with prevailing retain of water or nitrogen compounds and the like)
- waste composition is extremely important to determine because of the assessment of potential
hazard and because of the selection of technological solutions

- waste quantity is a very valuable indication due to the decrease of processing costs with the increase of waste quantity (Predicted 20.000 tonnes per year for Zagreb is probably close to the limits of
feasibility, thus the waste from the wider Zagreb area should necessarily be included.)
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- waste categorization concerns its toxicity or type and level of hazard with respect to chemical composition and concentration of noxious substances in the waste, as well as other features (inflammability,
explosivity, infectivity and other)

2 Waste collection and transport including pre-processing
Waste pre-processing is often necessary at the site of waste producer, aiming to reduce volume and
toxicity of the waste (e.g. neutralizing acids and alkalis, sedimentation, oxidizing cyanides and nitrates,
transformation into chemically less hazardous forms suitable for packing and transport, etc.)

3. Central waste processing facility
Within the scope of this facility, following activities are desirable:
- waste selection
- chemical treatment (detoxification, neutralization, separation, dehydrating, recycling and the like)
- incineration
- depositing

The following essential problems should be resolved as far environmental protection is concerned:

- selection of facility and deposit site(s) - not necessarily the same
- selection of technological solutions for particular facilities
- selection of equipment for emission control and for monitoring
Waste incineration is a part of waste processing because incineration remainders, although less in
volume, are basically equally toxic as the primary waste.
Basic criteria for technological waste incineration could be condensed into the following
- only predominantly organic substances are suitable for incineration, although some inorganic
substances can be thermally degraded thus becoming less toxic
- chlorine and other halogenic elements when inflamed form extremely corrosive gases and construction materials must be adapted to that; apart from that it is necessary to envisage efficient
systems of flu gas purification
- organic substances containing hazardous heavy metal- (mercury, lead, cadmium) must not be incinerated prior to hazardous metals concentrations being proven kept within allowed limits in the vicinity
of the facility
- as far as SO2 is concerned, it is necessary to establish the standards normally implemented to SG>2
emission
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it is necessary to ensure adequate incineration temperature as well as the time during which it should
be maintained (usually 1000 to 1200 degC in duration of 2 seconds, depending upon the type of
organic substance, excess air factor and turbulence within the incineration zone)

it is necessary to perform continuous or periodical control over emission and to keep the concentrations within allowed limits. Continuous emission measuring is necessary for CO, organic carbon,
NO_ HCI, HF and for particles i.e. the contents of particular elements in particles

4. Waste Depositing

Site selection and technical solution of a waste deposit should be in accordance with waste characteristics.
Usually it is distinguished:

A) toxic waste deposit with maximum safety and with the must of waste waters collection and purification
B) sanitary waste deposit, includes mainly industrial non-toxic waste, along with municipal waste
C) deposit of solid waste with no possibility of forming noxious products by wash-out

Remainders after technological toxic waste incineration are usually deposited at the deposit of type
A, and remainders after municipal waste incineration at the deposit of type B or C.
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ENERGY SOURCES IN ISRAEL AND THEIR IMPACT
ON THE NEARBY POPULATION ACCORDING TO SUBJECTIVE
AND OBJECTIVE APPROACHES

A. TAMARI
Ministry of Energy and
Infrastructure,
Tel Aviv,
Israel

Abstract
The paper presents the result of epidemiologic surveys relevant to ambient SO2
concentrations in particular, from energy generating and other industrial facilities in the
Haifa and other regions of Israel. It is indicated that the use of coal in the power
stations and refineries in the study areas have a lesser impact on the environment and
health than that of residual oil, in terms of SO2 and reported chest illness in children.
Increased public awareness and concern about pollution is stated to influence the results
of surveys.

General review of Israel energy sources
Israel is the only country in the Middle East to have a.
negligible amount
of conventional fossil resources. Israel
imports about 96% of the sources for her energy needs. The other
4* come from solar, natural gas and hydroelectricity. Wind
turbine are beeing tested now in various sites over the country.

The primary fossil energy sources of Israel today are crude oil
and coal. In 1973, Israel depended totally on imported oil. Nine
years later, a new power station, fueled either by oil or by
coal, was already erected and 1 year later it reached its full
nominal generating capacity of 1400 MW, the biggest power
station in Israel, and about 35% of her total capacity at that
time (Fig. 1).
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1. Total energy requirement by type.
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Since 1982, when coal was first introduced, its role has grown
until its share during 1988 in ton oil equivalent was around
21%, the same as in the EEC. It is believed that coal is now
supplying 36* of the energy with a new power station starting

this year,

and

an

additional

increase

to 38% is expected by

2000.

About 45%

of the fossil fuel consumption during 1989 was due to

electricity generation.

Figure

2 represents the relative share

in thousands of tons for each of the two sources.
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FIG. 2. Fuel consumption by type of fuel.

The necessity of looking for foreign sources for fuel required
the Coventry
to find suppliers willing to sign long-term
contracts. The

the OPEC

facts are that the Islamic countries, as well as

countries,

do

not contract for oil supply to Israel.

This leaves small room to purchase rather "clean" crudes, from
the environmental point of view.
The introduction of coal eased the absolute dependancy of Israel

on petroleum. It provided her not only with more secure and
usually cheaper supply, but also with an opportunity to use a
low sulphur fossil fuel for electric power stations.
Epidemiologie Surveys

Epidemiologie surveys were carried out by the Institute of
Enviromental Health of the Ministry of Health. Most of the
surveys were funded by The Ministry of Energy via The Israely
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Electric Corporation. The surveys were based on a questionnaire
of the U.S. ATS-NHLI, filled out by the children1 parents, and
on rather a more objective operation of Pulmonary Function Tests
(PFT), taken by Munato AS-500 portable spirometer. All the
surveys dealt with comparison between chosen areas, as will be
explained later.
During the years 1980 - 19B9, 6 surveys were carried out, all of
which concentrated on children of 7 and 10 years old. Two
surveys, -in 19BO and 19B4, were held in Hader«, a small town in
the midst of a rural area, near the 144O MW power station fueled
by coal with 0.77. sulphur; one was held in 1982 at ftshdod. a
town with an industrial zone and a power station of 1210
nominal generation capacity, fueled by residual oil, at that
time with 3.2 - 3.5X sulphur content (now it contains 1V. or
E.77., according to the meteorological conditions)» one took
place during 19B4, in 6 rural settelments - 3 in H*v«l Yavnt. a
polluted area next to Ashdod, and 3 in Hof Ashkelon, an
unpolluted area about 25 k'm to the south; two were carried out
in 1984 and 1989 in Haifa and its neighborhoods, a city with a
heavy industry, where the same children wre checked within 5
years difference. In the industrial zone there are! a power
station of 430 nominal generating capacity fueled by residual
oil, oil refineries, petro-chemicals, and cement plant, among
others.

Rtiultt:

1. Hivel V«vn» - Hof Athke^on (1 suevev)t
From the following 3 tables one can find a general trend of
higer prevalence
of
reported___respi ratorv___symptoms
characterizing the children from the polluted Hevel Yavne
area. Still, only 2 parameters - sputum with cold, and cough
with sputum -- are significantly more common in Hevel Yavne
(table 1).
TABLE I. PREVALENCE OF REPORTED RESPfRATORY SYMPTOMS (IN %} AMONG CHILDREN
FROM HEVEL YAVNEH (POLLUTED AREA) AND HOF ASHKELON (LOW POLLUTION AREA)

Respiratory symptom
Cough with cold

Cough without cold
Sputum with cold
Sputum without cold
Cough + sputum
Wheezing with cold
Wheezing without cold
Wheezing + shortness of breath

Hevel Yavneh

Hof Ashkelon

(polluted)

(low polluted)

P value

33.5(310)°
11.3 (310)

31.6(136)
6.7(135)
17.2 (134)
3.0(133)
4.5(134)
10.1 (119)
8 3 (109)
24.2 (128)

N.S.- (0.772)
N.S. (0.184)
0.019
N.S. (0.160)
0.010

28.1 (305)
7.0 (302)
13.2 (287)

11.8(280)
10.2 (264)
19.9 (292)

N.S. (0.750)
N.S. (0.694)
N.S. (0.381)

' In parentheses—number of children.
' P value > 0.05 is considered N.S.

The same trend prevails through the comparison of reported
diseases, where it appears among siblings (table H).
Of the PFT, only 1 out of 6 parameters is significantly more
common in Yavne over Ashkelon, while the trend is clearly the
same, i.e. more in Yavne area (table 3>.
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TABLE 2. PREVALENCE OF REPORTED RESPIRATORY DISEASES (IN %) AMONG CHILDREN
FROM HEVEL YAVNEH (POLLUTED AREA) AND HOF ASHKELON (LOW POLLUTION AREA)

Respiratory disease

Hevel-Yavneh
(polluted)

Hof-Ashkelon
(low polluted)

P value

Respiratory disease
Respiratory disease with sputum
Measles
Sinus trouble
Bronchitis
Asthma
Respiratory diseases among siblings
Pneumonia
Ear infections
Tonsilitis
Allergy
3 or more colds/year

10.6(301)"
6.9 (275)
13.9 (259)
8.0 (264)
28.8 (271)
19.5 (272)
47.5 (276)
15.3 (274)
47.4 (285)
7.7 (300)
22.6 (297)
60.4 (225)

6.0 (134)
4.1 (123)
4.6 (109)
7.4 (108)
20.0(110)
15.0(113)
34.4 (122)
20.7(116)
40.5(116)
5.3 (133)
16.0 (131)
48.1 (104)

N.S.* (0.170)
N.S. (0.382)
0.016
N.S. (1.000)
N.S. (0.102)
N.S. (0.377)
0.021
N.S. (0.253)
N.S. (0.255)
N.S. (0.482)
N.S. (0.158)
0.047

• In parentheses—number of children.
* P value >0.05 is considered N.S.

TABLE 3. DISTRIBUTION OF PULMONARY FUNCTION TESTS (PFT) ON CHILDREN FROM
HEVEL YAVNEH (POLLUTED AREA) AND HOF ASHKELON (LOW POLLUTION AREA)

PFT
FVC

(% predicted)*
FEV,
(% predicted)
PEF
(% predicted)
FEV./FVC
FEFM
(% predicted)
FEF7J

(% predicted)

Area
Hof Ashkelon
Hevel-Yavneh
Hof Ashkelon
Hevel-Yavneh
Hof Ashkelon
Hevel-Yavneh
Hof Ashkelon
Hevel-Yavneh
Hof Ashkelon
Hevel-Yavneh
Hof Ashkelon
Hevel-Yavneh

(138)°
(330)
(138)
(330)
(137)
(328)
(138)
(330)
(138)
(331)
(138)
(331)

Mean
(%)

SD

94.97
93.39
97.21
95.29
107.53
103.22
89.36
89.28
98.60
95.70
99.36
97.87

12.54
12.43
13.63
13.25
23.35
21.28
5.95
6.18
27.42
22.83
36.73
31.25

P value
N.S.* (0.213)
N.S. (0.159)
0.054
N.S. (0.893)
N.S. (0.238)
N.S. (0.655)

* In parentheses—number of children.
* PFT as percentage of predicted values.
c
FEV,/FVC in percentage.
* P value >0.05 is considered N.S.

These results stay in accord with the S02 concentrations in
the two areas in discussion (see figure 3, where data from the
nearby polluted Ashdod is presented. Data from Ashkelon is
randomly collected, and it represnts data similiar to Hadera.)
124

100
M

MY JL
HADERA
ASHDOD

FIG. 3. Maximum half hour average of SO2 concentration
(in uglm3) in Ashdod and Hadera in 1982.

2. Hadera - Ashdod (3 surveys):
Here, the PFT results were rejected as incompatible because
of technical reasons. Instead, diverse analytic procedures
were taken, of which the calculated relative risk to suffer
from respiratory
disturbnaces
in
the
two
areas, is
represented (table 4).
TABLE 4. RELATIVE RISK OF RESPIRATORY SYMPTOMS AND DISEASES FOR SECOND AND FIFTH
GRADE SCHOOL CHILDREN FROM ASHDOD (POLLUTED AREA) COMPARED WITH HADERA
(UNPOLLUTED AREA)

Respiratory symptom
or disease
Cough without cold
Cough + sputum0

Chest illnesses
Chest illnesses + sputum
Bronchitis*
Asthma
Pneumonia
Respiratory diseases
among siblings

Ashdod

P value
(for area)

.00
.00
.00
.00
.00
.00
.00

1.47
1.55
1.95
1.91
2.30
2.66
1.47

0.049
0.007
0.003
0.015
0.008
0.039
0.003

1 .00

1.54

0.002

Hadera

« The model does not fit very well (P value for model <0.l).
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The children who live in Ashdod - the polluted area - have a
greater risk to get pulmonary symptoms or diseases over those
who live in Hadera. All of the parameters are significantly
greater in Ashdod (p>0.05, table 5).
TABLE 5. PREVALENCE (IN %) OF RESPIRATORY SYMPTOMS AND DISEASES AMONG SECOND
AND FIFTH GRADE SCHOOL CHILDREN FROM ASHDOD (POLLUTED AREA) AND HADERA
(UNPOLLUTED AREA) WITHIN THE SUBGROUP OF CHILDREN WHOSE HOUSES ARE HEATED

Respiratory
symptom or disease
Cough with cold
Cough without cold
Sputum with cold
Sputum without cold
Wheezing with cold
Wheeling without cold
Cough + sputum
Wheezing with shortness
of breath
Chest illnesses
Chest illness with sputum
Three or more illnesses
with sputum
Measles
Sinus trouble
Bronchitis
Asthma
Pneumonia

Ear infections
Allergy

Prevalence in
Hadera (%)

Prevalence in
Ashdod (%)

39.9 (1536)8.2 (1530)
19.1 (1485)
3.9(1481)

40.1 (1080)

14.0 (1426)
7.1 (1245)
6.3(1423)

14.8 (1075)
20.8 (1050)
6.9 (1038)
17.0 (997)
9.8 (936)
10.1 (1009)

10.6(1467)
5.8 (1509)
4.5 (1398)

13.6 (1029)
9.5(1051)
7.8 (1020)

2.4 (1404)

4.5 (1006)
17.5 (888)
3.7 (859)
25.4 (903)
13.0(868)
18.1 (901)
32.6 (868)
Î9.H1018)

16.4(1292)
4.9(1248)

22.0(1325)
9.8(1261)
12.9(1307)
31.7(1304)

15.9(1493)

lvalue
N.S.(0.957)'
«CO.OOI
N.S.(0.333)
0.001
0.050
0.030
«CO.OOÏ
0.028
«CO.OOI
<0.001
0.005
N.S.(0.560)
N.S.(0.243)

N.S.W.070)
0.026
0.001
N.S.(0.683)
0.043

• Number of children in parentheses.
• P > 0.05 is considered as N.S.

The average S0a concentration,
as measured during 1982, is
present in figure 3 (ug/m3 for 1/2 houre). It should be
noticed that
the
general
averaged
level
of
S03
concentration in Ashdod
is
usually
high
during
the
summer
i.e. around 400>ag/m3 - 500ug/m3.

It is worthwhile to note that the difference between Ashdod
and the nearby agricultural sites of Hevel Yavne and Hof
Ashkelon is not as great as the difference between Ashdod
itself and Hadera.
3. Three residential zones in Greater Haifa (2 surveys):
The first survey was held in 1984. About 4330 children were
examined by the questionnaire and the PFT. The children came
from 3 different residential zones:

zone A: with high S0a average concentration
zone B: with medium S02 avarage concentration
zone C: with low SO2 concentration (random monitoring only).
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In Figure 4 maximal average 1/2-hour S02 concentrations (in
ug/m3) are represented.

The prevalence of reported respiratory symptoms (in %) among
the 3 zones is significant in 2 parameters out of 8: sputum
either with cold or without cold (p-value * 0.0011 and 0.0116
respectively).
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FIG. 4. Maximum half hour average of SO2 concentration
(in /tg/m3) in zones A and B in Haifa in 1983.
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The relative risk to get symptoms and respiratory diseases is
significant, as shown in table 6.
TABLE 6. RELATIVE RISK IN 3 SELECTED ZONES IN HAIFA

the symptoms
or disease

sputum with cold
sputum without cold
number of colds
chest illness
with sputum
bronchitis
respiratory diseases
among s i b 1 i ngs

ZONE
A

ZONE
B

ZONE
C

P-value

1.38
1 .81
1.43

1.40
1.36
1.06

1.00
1.00
1.00

0.0007
0.0099
0.0003

1.50
1.49

1.73
1 .10

1.00
1.00

0.0248
0.0008

1.50

0.88

1.00

0.0013

P-value>0.005 « significant

The Pulmonary Function Test did not show a clear decline in one
or more function examined, as a result of living in a zone with
higer S02 concentration.
The second survey was held in 1989. It involved two groups: a
new one of the age of 10 years, and an "old" group of those who
were 7 years old at the time of the first survey, now beeing 12
years old.
The first conclusions have been so far only partialy summerized.
No tables have been released yet, but there is an unpublished
report. The report relates to the two traditional parts: the
reported part showed a sharp increase in the prevalence of
respiratory symptoms
and
diseases
in
the less polluted
residential zones C and B. The increase was in more than 50% in
comparison to 1984. In a sharp contrast, the PFT showed a
trend of higher chest function in the least polluted area (C),
as it was in 1984.

When coming to evaluet this issue, one should bear in mind the
following points:
1. Between 1984 and 1989, the total amount of S0a emitted by
the power station and the refineries - the two largest
pol lut ings in the area - was cut down by more than 50%.

2. During this period, the population of Haifa was actively
involved in the campaign against the pollution in Haifa,
held on by the local and national media.
3. The socio-economic profile of the population in zone C is
the highest, B - medium, A - lowest.
4. An incident of high concentration of S03 was suddenly
reported in one monitoring station one day before the
questionnaire were distributed. It is believed that this
chronicle had an influence upon the parents' filling out
the questionnaire.
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A further
analysis
of
the answers showed a significant
connection between
the
negative
opinion of the parents,
regarding air pollution impact, and the prevalence of reported
diseases and
symptoms among their children. Actually, the
by-pass of the answers obscured the examination of the risk to
get respiratory
diseases
due
to the pollution in their
residence zone.

Conclussions
1. In the case of Israel, the use of coal in the power stations
and rÊfineries has a less impact on the environment health
than that of residual oil.
Children who live in vicinity to emitting sources fueled by
residual oil {with as high S as 3.2%) have higher risk to get
chest illnesses than children living near sources fueled by
coal (with 0.7* S). In the first case the maximal
S02
3
1/2-hour average concentrations are higher
than
800n/g
with
an average concentration of 400ug/m3 - 500ug/3 (Ashdod),
while in the second case the maximal
S02 1/2 hour average
concentration is less than 200ug/m3 in Hadera, and the usual
average is as low as the background (Hadera).
2. The increase of the public awerness to the environmental
impact on its life might influence the results of the
ATS-NHLI questionnaire to a degree that it is unvalid. It
occures probably within a higher socio-economic profile.
Policy of the authorities
The next power stations to be build in Israel are designed to
work with coal (with the possibility to shift into residual
oil).

Since these surveys were first published, the S in the residual
fuel has been reduced to 2.7-2.5% during about 75% of the year,
depending on weather forcast. During 25% of the year, a 1% S
residual fuel is used. The procedure of shifting from one kind
of oil to the other has been improved since first introduced,
and the amount of 1% S- residual oil burnt during the year is
steadily rising, in order to meet the air standards. A 0.5%
S-residual oil usage is considered for the times of extremely
bad atmospheric conditions, when 1% S-oil is insufficient.
A special reaserch is held by The University of Haifa which
design an economic model to provide the policy making with a
tool, by which he will be able either to estimate the least
marginal cost of setting new standards, or developing more
industrial activities without violating the existing or planned
standards. The
reaserch will be able to suggest to each
industrial plant in the area the least possible marginal cost
operations to
reduce its emissions in order to meet the
standards in the new situation, depending on the total amount of
emissions in the whole area on one hand (the bubble concept),
and the pollution distribution in the area on the other hand.
The model is planned to be introduced by a friendly PC program.
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RESIDUAL FUEL USAGE IN HAIFA REGION (ISRAEL): CHANGES
IN EMISSIONS AND THEIR IMPACT ON ENVIRONMENTAL HEALTH

A. TAMARI
Ministry of Energy and
Infrastructure,
Tel Aviv,
Israel
Abstract

The author refers to the practice adopted in Haifa, of switching to a lower S content fuel
during adverse weather conditions in order to minimize the impact of SO2 emissions.
The conclusion is made that a high reduction in overall SO2 emissions has been achieved
during the last 10 years in the Haifa Region as reflected in lower SO2 concentration in
the air. The paper reports that there is also some improvement in pulmonary function
among the children although the paper suggests that, in view of contrasting trends and
results, the effects of pollutants from nearby, chemical manufacturing should also be
investigated.
The coastal plain of Israel is a narrow longitudinal strip which
extends along
most of the country. The electric power stations
of Israel, as well as its two oil refineries are built along
this narrow coastal plain. Here are concentrated too most of the
activities of the country like industry, dwelling, etc.

In the Haifa area, which is a part of this coast, rises in
addition the Mt. Carrael (540 m1) whose slopes are going down
into the Mediterranean, creating a bay which is favorable for a
port as well as for various industries. On the one hand, this
geographical complex represents good combination for the people
who live there, but on the other hand the mountain and the
vicinity of
the sea are responsible for the building of
meteorological inversions. In these cases, when a stable layer
rests above the mountain and the bay, it acts as a barrier which
prevents the dilution of the gaseous emissions. They in turn,
accumulate in the lower layer of the atmosphere, and before
long, the concentration of the gases in the monitoring stations
rise. Though in principle this situation relates to all kinds of
gases, only S02 has been monitored long enough to accommodate a

well representative information. Thus, the hazardous hours are
well defined as those late at night and early in the morning,
especially in the autum and spring, and sometime in the winter
as well.
We should bear in mind that due to a historical situation, the
maximum height of the chimneys permited in Haifa bay is 80
meters. With an addition of 150 meters of the plume rise, one
comes to the cocnclusion that the most vulnerable strip of
polluted area on Mt. Carmel is at about 200 meters above sea
level facing the bay, and either downwards or upwards according
to the specific meteorological conditions at the time.
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S03 abatement
This trend of accumulation due to what is clearly a force major,
can be eased by reducing the emissions. The two main S02
emitting plants in Haifa region are an electric power station,
of about 450 MW nominal capacity, and oil refineries with a much
smaller power station of its own and routine releases of S0a.
The rleases of S02 off these two sources in 1980 were as much as
9.5 ton/hour.
The mode of abatement of this release was done by increasing
efficiency of operation in the refineries like shut-down of old

equipments, and
installing
an elimentary sulphur recovery
equipment, as well as washing S02 gases from the refinery
process (graph no. 1). It is worthwhile to notice that at the
same time, the oil Refineries increased the refinery ability.
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GRAPH No. 1. S02 abatement from Haifa oil refineries.

In the power plant, electricity production in Haifa dropped down
as far as by 50% by shifting the load from Haifa to other power
plants, depended on national demand and on production icrease
(table 1).
It is seen that the S02 emitted from the electric power station
is reduced in 10 years by almost 70%.
An additonal easing of the load of S02 emissions in Haifa was
achieved by improving the quality of the residual fuel used in
both plants. Thus, the sulphur percentage dropped from 3.9-3.7%
in the early 80', to 3.2 in 1984, and to 2.7-2.5% since 1987 on.

Actually, the reduction is even greater during the specific
hazardous seasons, as is explained later on (graph 2).
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TABLE 1. PRODUCTION OF ELECTRICITY IN THE HAIFA POWER STATION AND RELATED SO2 EMISSION

year

kwh 10°

% of

S02

capacity
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

emission t/hr

65

2558
2592
1805
1743
1180
1288
1478
1661
1619
1757
1600

5.4
5.2
3.7
3.6
2.1
2.2
2.3
2.7
2.2
2.2
1.7

66
46
44
30
33
38
42
41
46
41

>

I
1980

1981 1982 1983
\7~7\
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GRAPH No. 2. SO2 emitted from electric power stations and oil refineries.

The Intermediate Control System (ICS)
As mentioned before, Haifa region is unique in its geographical
and meteorological conditions. It is unique too in the sense of
a very rapid increase in SO* concentration
up to several
hundreds and even more than 1000 wg/ma in 2 hours.
In order to overcome it, an Intermediate Control System (ICS)
has been introduced, developed and improved since 1984. This
s tern is based on close météorologie forcast, which is in turn
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based upon improved in-situ equipments and on models. Whenever
hard conditions are forcast, the electric power units of both
plants shift in a short time into a 1%-S residual fuel. It sould
be borne in mind that the figures which are represented in graph
2 relate to annual mean. Actually, during the hazardous seasons
the emission of S02 has been dropped from 9.5 t/hr in 1980 to
about 1.5-2.0 t/hr in the spring of 1991, from both plants. That
is because
of using of a 1%-S and 0.6%-S residual fuel
i ntermed i at 1y.

S02 levels
As mentioned above, S02 values have been measured for quite a
long time. For this presentation, the worst cases of S02 levels
were collected. They represent each the daily maximum 1/2-hour
value in the most polluted area in Haifa (zone A).The values of
the daily maximum concentration were divided into four groups:
0-200, 201-500, 501-1000, >1000 Atg/m0 S02, and arranged monthly.
The number of wosrt cases in the two lower groups of S02
concentration has been increased between 1984 and 1989 (see set
of tables at the end of this paper).
We have
of some
for S02,
to 1000

focused however, on the third group (graph 3), because
reasons, the main of which is the proposed new standard
which is 500 yg/m° S02 for 99.75% of the time, and up
^g/m3
(44 times per year) for 0.25%. As it is seen in
graph 3, there is a general decrease in the number of SO3 cases
in this group in zone A. Note, that zero comes for no cases (and
not for lack of data).
Our target than is to minimize further
the event of >500 /jg/m3.

:M_
10

11

mum
GRAPH No. 3. Haifa zone A: number of maximum half hour values of 501-1000 /Kj/m SO2
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The impact upon children
The connection between S02 emissions and pulmonary illness and
low function is well recognized. The high emission levels of S02
in Haifa during the early 80's on the one hand, and high rate of
reported cases and other pulmonary sesitivities in this area on
the other hand lead to a survey which was carried twice: in 1984
and in 1989.
The epidemiologic survey of 1984 dealt with two groups: children
of 7 years old, and those of 10 years old. A detailed report
on this survey and the results was submitted to the TCM in
October 1990. In 1989, a follow up survey was held by the same
staff, i.e. people of the Institute of Environmental Health, in
order to compare health and other conditions 5 years later. Of
these two groups, only the younger children could be traced and
re-examined, now as'12 years old. We will call them group 1. The
children of the second group (those of 10 years old) could be
traced no more. Therefore, other children aged 10 years were
been chosen according to the same criteria as before. This is
group 2. In both proups, children from polluted, medium polluted
and low polluted areas (zone A.B.C) were checked.
Results of two parametrs, out of 5 checked pulmonary functions,
are presented here:
FEV1.0 = Forced Expiratory Volume at the first second
PEF =
Peak Expiratory Flow
The other parameters can not be properly compared.
The results of group 1 are shown in table 2.
TABLE 2 TWO PULMONARY FUNCTIONS OF THE SAME CHILDREN (GROUP 1) AT AGE 7 (1984) AND 12 (1989)

The zone*

* A
B
C

The
function

1984

1989

F

M

F

M

A

FEV1 . 0
PEF

1.36
3.15

1.46
3.34

2.52
5.07

2.54
5.31

B

FEV1 . 0
PEF

1.35
3.19

1.45
3.31

2.52
5.13

2.58
5.23

C

FEV1 . 0
PEF

1.40
3.06

1.48
3.19

2.59
5.14

2.55
5.25

polluted
medium polluted
low polluted
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The FEV1.0 values in 1984 were very close in all zones, and the
same happened in 1989. Note the difference due to age change.
The PEF values in 1989 were again much the same in all three
zones, though males in zone C showed high increase in PEF. Note
the relatively low value of PEF in females and males in zone C
(low polluted) in 1984.

In table 3, children of group 2 (children of 10 years old) show
higher FEV1.0 values in all zones in 1989, except for the males
in zone A. The increase in the FEV1.0 in females of zone B and C
is significant. The PEF values, on the other hand were smaller
in 1989, some of them significantly. The whole trend, as is
calculated here, is undefined.

It should be borne in mind that in both groups, better dwelling
conditions were found in 1989, like less persons per room, and
more heating and with cleaner devices. However, smoking among
adults increased for all groups of children.

TABLE 3. TWO PULMONARY FUNCTIONS OF TWO DIFFERENT GROUPS OF CHILDREN (GROUP 2) AGED 10

(1984 AND 1989)

The zone*

The
function

1984

F

* A
B
C
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1989
M

F

M

A

FEV1 . 0
PEF

1.89
4.13

2.05
4.37

1.96
3.98

2.01
4.11

B

FEV1.0
PEF

1.88
4.23

2.01
4.42

1.98
4.01

2.06
4.19

C

FEV1 . 0
PEF

1.98
4.23

2.04
4.33

2.02
4.13

2.05
4.19

polluted
medium polluted
low polluted

MAXIMUM DAILY HALF HOUR SO2
IN THE YEARS 1984-1989

year

month

1984

1
2
3
4
5
6
7
8
9
10
11
12

22
11
15
12
15
27
28
30
23
14
13
9

year

month

0-200

1985

1
2
3

year
1986

0-200

4
5
6
7
8
9
10
11
12

15
22
9
19
18
27
29
29
24
19
8
19

month
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MAXIMUM DAILY HALF HOUR SO2
IN THE YEARS 1984-1989
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Conclusions
A very high reduction in S02 emissions has been achieved during
the last 10 years in Haifa area. This reduction has been
reflected in a less S02 concentration in the air in the most
polluted zone. However, the reduction of S02 levels is much less
prominent than the emission abatement. This, in turn has its

effect upon the population, though in much lesser degree, as the
results of the survies among children show.
Ther is
some improvement in pulmonary function among the
children, but the survey shows an undefined trend. Haifa is well
known for its chemical and other industrial activities in
addition to the electric power station and the refineries. It is
suggested here that the emissions released off these plants
contribute to the effect upon the population in Haifa, and it
should be investigated and taken in account when coming to
planning in Haifa.
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EDB: A FLEXIBLE DATABASE FOR ENERGY ENVIRONMENTAL
ANALYSIS

B. BIEWALD, M. LAZARUS, D. von HIPPEL
Stockholm Environment Institute,
Tellus Institute-Boston Center,
Boston, Massachusetts,
United States of America
Abstract

In the paper the environmental data base developed by the Stockholm Environmental
Institute Boston center is described. It currently contains data, gathered from an
extensive review of the literature and from other sources of compiled data on emissions.
EDB can be used as a stand-alone database or integrated within an energy planning
system. The database is designed as a two-dimensional matrix: rows are source
categories (energy demand, processing technologies) columns are the effects categories
representing the air, water, solid waste emissions and direct health/safety impacts (in
terms of emissions) produced by sources. Each such source-effect combination can be
stored in the coefficient database. The structure of the database includes the
bibliographic references and a documentation note for each coefficient cell in the
database.

With support from Swedish International Development Agency and the United
Nations Environment Programme, the Stockholm Environment Institute — Boston
Center (SEI-B) has conducted a project to better incorporate environmental concerns
into energy planning methods. SEI-B has designed and programmed an interactive
database of environmental emissions and direct impacts resulting from energy
production and consumption activities. This Environmental Database (EDB) currently
contains extensive data, gathered from a extensive review of the literature and existing
emissions data compilation.
EDB can be used as a stand-alone database to access and enter this
information. In addition, it is incorporated within an energy planning system, LEAP,
enabling users of the combined software to link the environmental data with energy
scenarios to generate accounts and projections of emissions. EDB is currently being
used in several energy-environment planning studies in both developing and
industrialized countries. In collaboration with the UNEP Collaborating Centre on
Energy and Environment at RISO, efforts are continuing to further expand the
development and application of EDB.
SEI-B

The theme of sustainable development is central to SEI-B activities. The overall
programme of SEI-B focuses on assessing alternative futures in order to guide policy
today. SEI-B specializes in development and application of computer-based methods
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for compiling resource accounts and performing scenario analysis. In addition to EDB
and LEAP (Long-range Energy Alternatives Planning system), SEI-B has developed a
microcomputer software systems for projecting emissions of greenhouse gases from all
related human activities and evaluating emission reduction policies (G2S2) and for
conducting integrated water resource analysis (WEAP).
The Purpose of EDB

Over the past two decades, environmental research activities have generated
large amounts of data on the emissions and impacts associated with energy processes
and technologies. With the current rapidly growing concern about environmental
problems, it has become more important than ever to make these data accessible to
analysts and policy makers worldwide. Accordingly, EDB was conceived as a tool to
gather this data from its many, often difficult to track, sources into a consistent, up-todate, and easy-to-use form. EDB is intended to provide a comprehensive international
summary of data linking energy-related activities to environmental consequences. The
menu-driven software operates on IBM personal computers (and compatible
equipment), and thereby can be used by most energy and environmental planners
throughout the world.
Scope of EDB

Thus far, EDB development has focused on the emissions and other
environmental impacts of energy consuming and producing activities. The structure of
the database has been designed to allow extension to include the impacts of other
activities as well. Any activity for which a quantifiable effect (a quantity of pollution,
damage, etc.) that directly results from the operation of a source (industrial process,
agricultural activity, etc.) can be readily incorporated into the database. Indirect
effects, such as health impacts occurring downwind or downstream from pollutant
emissions, have not been directly incorporated into the database. The determination
of such indirect impacts requires site-specific analysis, and an understanding of local
transport phenomena, dose-response relationships, etc. that are beyond the scope of a
broadly-applicable data base such as EDB. Nonetheless, the data in EDB provide an
important resource for assessing and comparing alternative energy technologies and
processes for minimizing the emissions that lead to these indirect impacts.
To date, EDB data have been gathered from numerous references, with an
emphasis on the more easily usable data and quantifiable effects. For instance, EDB
contains the results of several U.S. Environmental Protection Agency studies and data
compilations covering electric power plant, transport, and industrial emissions of air
pollutants (e.g. the kilograms of SO* emitted per tonne of coal burned for different
industrial boiler technologies). EDB contains data on emissions from household
devices, agricultural equipment, refineries and on direct health and safety impacts of
major energy transformation and extraction processes (e.g. coal mining). At the
present time, EDB data development is focussing on additional sources typical for
developing countries: wood fires, charcoal kilns, and older, less maintained vehicles
and other machinery. Another area of database expansion will look at nuclear effects
142

and land use consideration which have not yet been included. As the current
coverage in EDB is more complete for U.S. technologies, the database is being
expanded to cover more European and other sources. Finally, current efforts are also
oriented towards filling "gaps" in the existing database, where effects for an existing
source are known occur, but the appropriate data have not yet been located.
EDB Structure

Figure 1 shows the structure of EDB. The flexible structure allows a user to
store and access an extensive set of documented quantitative information about the

environmental impacts of production and consumption activities.
EDB can be thought of as a two-dimensional matrix. The rows of the matrix
are Source categories, the energy demand, transformation, and extraction technologies
and processes such as diesel trucks, oil refineries, or natural gas production methods.
The columns are the Effects categories, representing the air, water, and solid waste
emissions and direct health and safety impacts that are produced by the sources.

COEFFICIENTS DATABASE
Effect Categories -
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Categories

\
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•Bi

f-
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Docijmenta «on
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/

FIG. 1. Environmental database.
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Source and effect categories are defined by a multi-level hierarchy. Demandside sources are split up among sectors, subsectors, enduses, devices. For instance, to
access the emissions data for different automobile technologies, you would select the
Transport sector, the Road subsector, the Cars-Gasoline (or Cars-Diesel, or other
fuels) enduse, and then select from various device types (high efficiency, 1980 vintage,
various control technologies). The situation for transformation and extraction source
categories and effects is analogous. A listing of the effect categories currently
included in EDB is shown in Table 1.

For each combination of source and effect, information can be stored in the
Coefficients Database. This database is the centra] component of EDB. It consists of
the cells of the matrix. A cell contains data on the specific effect (e.g., tons of
nitrogen oxide emissions) per unit of source activity (e.g., liters of gasoline used in a
four-stroke automobile not equipped with emission control devices).
Emissions coefficients, in isolation from their context in which they were
derived, can be of limited value. Therefore, each cell in Coefficients Database also
contains documentation and a reference. The documentation typically consists of
phrases, equations, and page references explaining how the coefficient in the cell was
derived from the corresponding reference. The documentation is reported along with
the numeric data so the user will understand any important computations used in
developing the data, or caveats on the applicability of the data. As shown in Figure 2,
EDB organizes this quantitative and qualitative data so that the user can view the
data and the corresponding documentation and references in an integrated process.
Table 1

Default Effect Categories in the Environmental Database
AIR EMISSIONS
CARBON DIOXIDE
BKX3ENIC CARBON DIOXIDE
CARBON MONOXIDE
TOTAL NITROGEN OXIDES

NITROUS OXIDE
TOTAL SULFUR OXIDES
SULFUR DIOXIDE
TOTAL HYDROCARBONS
METHANE
ALDEHYDES
FORMALDEHYDE
TAR
VOLATILE HYDROCARBONS
ORGANIC ACIDS
TOXIC HYDROCARBONS
POLYCYCUC ORGANIC MOLECULES
LEAD
TOTAL PARTICULATES

PARTICULATES < 10 MICRONS
FUGATME COAL DUST
AMMONIA
WATER EFFLUENTS
TOTAL SOUOS
SUSPENDED SOUDS

144

DISSOLVED SOUDS
BIOCHEMICAL OXYGEN DEMAND
CHEMICAL OXYGEN DEMAND
SULFATES
CADMIUM
MERCURY
SALTS
NITRATES
ORGANIC CARBON

OIL AND GREASE

CHLORIDES
AMMONIA
PHOSPHATES
CYANIDE

SOLID WASTES
MINING WASTE
TOTAL WASTES
ASH
SCRUBBER SLUDGE

OCCUPATIONAL HEALTH AND SAFETY
DEATHS
INJURIES
WORK DAYS LOST

effect:
source:

1.29E

AIR EMISSIONS / NTTROGEN OXIDES /TOTAL
TRANSPORTATION / ROAD / CARS-GASOLINE
US 1990 * E STD US 1990
* £ 1990 * US UNLEADED

+1 GRAMS PER GALLONS GASOLINE consumed

Based on .

% N/A

content (by weight) of GASOUNE

Documentation Note:
Ret. 1, pg H-9 reports 0.5 g/mile. Ref. 1, pg. M 2-20 reports vehicle
efficiency 25.7 miles/gal. Grams NOx = 0.5 g/mlle x 25.7 miles/gal.

Bibliographic References:
1 United States Environmental Protection Agency, 1985

2
3

Last modified 30/08/90 by KRG
F2: Potions F3: Prev Source F4: Next Source F8/F9: Select Source/Effect
PgUp. F5: Prev Effect
PgDn. F6- Next Effect
F1Q- Menu

ENVIRONMENTAL DATA BASE

FIG.

(c) SET/UNEP

12/10/90

2. Sample environmental database screen coefficient cell.

Up to three references can be identified in each cell. These contain summary
information about the source of the data. Detailed references — including author,
title, publisher and date ~ are stored in a separate Bibliographic References Database.
This database, while separate, is linked to the Coefficients Database, allowing the user

to call up (e.g., view, edit or add)
environmental coefficients.

the detailed references while working with the

Core Database and User Additions

EDB contains a Core database of entries developed by SEI-B, consisting of
default Source and Effect categories and a wide range of generally applicable
Coefficients. The EDB user can then supplement this Core database with their own
data. As such, EDB serves not only as pre-loaded database of environmental
coefficients, but as a structure'd tool for researchers and analysts to manage their own
data appropriate to specific applications or studies. Users can add new source and
effect categories, bibliographic references, and coefficient cells; EDB manages Core
and non-core entries, so that future updates of the Core database are possible while
maintaining different users' additions.
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EDB User Interface

The EDB system is menu-driven with on-screen prompts to assist the user.
The selections from the main pull-down menu allows the user access to the Source

categories, Effects categories, Coefficients database, and Bibliographic References
databa'se. Under each option the user can view and edit individual entries or create
report files for subsequent printing or processing with other software.

Physical Unit Conventions in EDB

EDB coefficients can be entered in any of a number of physical units, both
English and Metric. A set of conversion factors in EDB provides for quick translation
into any desired set of units. For example, if a particular coefficient was expressed in
"pounds of CO per ton of oil" in a reference document, it can be entered that way
into EDB, to eliminate the burden on the user of standardizing units, and so that the
coefficient can be readily identified with the source. At the same time, if the user
wishes to see the coefficient converted to kilograms per liter, a few keystrokes will
accomplish the conversion. Note that in this case, the density of the fuel must be
used. Where units are converted from volume to weight (or vice versa) the assumed
density is reported on the screen.
Linking EDB with Energy Planning Models

EDB has been incorporated into the LEAP system, an integrated family of
energy planning and analysis programs which has been applied in a wide variety of
contexts over the past eight years. The combined software package allows planners
and researchers to compute the environmental impacts of alternative long range
energy scenarios. This aspect of energy planning has been receiving increasing
attention recently. We believe that LEAP Environment provides a unique capacity for
folding environmental impacts into the evaluation of alternative energy strategies.
The environmental LEAP will use EDB in the form described above, but will
include a module linking LEAP with EDB, as shown in Figure 3. With the expanded
system, the user will be able to estimate the environmental impacts associated with a
given long range energy scenario, in addition to the cost and energy flow analyses
which LEAP currently provides. The linking module will multiply LEAP energy and
activity data by the appropriate factors from EDB to estimate the environmental
impacts of a given LEAP scenario, and present the results in a choice of report
formats, including graphical output.
Of course, EDB can also be used alone, as a source of environmental
coefficients for any planning analysis. It can also be linked with energy planning
models other than LEAP.
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LEAP Menu

Environmental
Emissions and Impacts
Output
FIG. 3. Integration of EDB with LEAP.

Applications of EDB

EDB is currently being used in several energy-environment planning studies
worldwide. In conjunction with LEAP, EDB is being used in an assessment of
alternative energy plans for the U.S.

EDB has been used in an ongoing project to explore strategies for acid rain
abatement in Europe. This project, being conducted at SEFs York Center, is an
example of EDB use in conjunction with other models. "Base case" emissions data for
each European country was developed using EDB, and input to an optimization model
along with other data, including an atmospheric transport matrix, emissions abatement
costs, and sensitivity of receptor land area to acid depositions. The objective of this
project is to explore "targeted deposition strategies" for acid rain abatement in
Europe.
In Costa Rica, Senegal, and soon in Tanzania, SEI-B is participating in the
development national energy-environmental accounts. EDB will be used in these
studies to look at the implications of alternative development scenarios in terms of
aggregate emissions. These studies are intended to assist in the development of
environmental analysis capabilities within those countries, while contributing to a better
understanding of the national environmental situations and their regional and global
implications, particularly with respect to global wanning. It is expected that these
applications will identify important research priorities needed to fill large gaps in
current knowledge of environmental impacts in developing countries.
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Conclusion

As of October 1990, the programming of EDB is complete, and the EDB data
set contains approximately 2000 entries spanning a wide range of end-use and
transformation technologies. Programming of the software linking EDB to LEAP is
also complete. Together, the environmental coefficients and the software to access the
data provide a useful and flexible system for environmental planning.
A large amount of additional data has been assembled at SEI-B, and in the
near term work on EDB will be concentrated on entering this data and assembling
and entering data from additional sources - particularly non-U.S. To that end, SEI-B
would be pleased to learn about any compendia of emissions factors recommended by
conference participants.
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DEVELOPMENT OF A DATABASE FOR DETERMINATION OF
ENVIRONMENTAL IMPACTS OF ENERGY PROJECTS
IN THE PHILIPPINES

A.D.D. SUPETRAN
Environmental Management Bureau,
Metro Manila,
Philippines

Abstract
The needs and the framework for the development of a database of environmental
impacts on energy projects in the Philippines are introduced in this paper. The
information requirements for energy projects under the Philippine Environmental Impact
Assessment System are investigated and the data and information needed for comparing
environmental impacts for the coal fired and geothermal power plants are outlined.
Data/information needs for the Project Description (costs, required volumes of water,
raw material supply), for Site Description geology information (hydrology and water
quality, meteorological data, air quality, terrestrial/aquatic biota) and for
Socio-Economie description (land use, population densities, morbidity and mortality
rates, number of affected households). Radioactivity analysis data of coal fuel are to be
documented for various coal combustion products. It is concluded that there is a need
for better schemes for impact prediction of energy development and utilization in the
Philippines.
1.

INTRODUCTION

The Philippines' energy situation has always been characterized by its great
dependence on imported oil and a significant increase in total energy requirements,
averaging 23% from 1980 to 1989.

Oil, coal, hydropower and non-conventional sources constitute the country's
primary energy sources. Sixty-four percent (64%) of its oil requirements is imported
while the remaining 36% is supplied by indigenous production from four oil fields,
namely: Nido, Cadlao, Matinloc and Tara South. Coal is drawn from the country's
reserves of approximately 354 million metric tons and imported at an average rate
of 84%. Figure 1 provides all coal areas (both under exploration and development)
in the Philippines. Geothermal energy likewise contributes significantly to total
energy sources, displacing 53.57 MMBFOE from 1980 to 1987. Presently, there are

four producing geothermal power plants - Tiwi in Albay, Makiling-Banahaw in
Laguna, Tongonan in Leyte and Palinpinon in Southern Negros. Figure 2 depicts
all geothermal operations in the country.
The country's single biggest conventional domestic energy source is
hydropower, supplying 9.10 MMBFOE or 9.62% of total energy demand. Foremost
of the country's noted hydropower plants are the Ambuklao, Bokod in Benguet,
Angat in Bulacan, Caliraya-Lunot in Laguna and Maria Cristina in Iligan, Lanao
del Norte.
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Bagasse, agri-waste, alcohol, coconut oil, biogas,solar, windmill and
dendrothermal comprise the country's non-coventional energy sources. Biomass
energy (primarily bagasse, 23%, agri-industrial waste, 38.2%), accounts for 61.2% of
total non-conventional energy used.

Industry is the largest consumer of energy (44%), followed by the transport
sector (35%) and the residential/commercial sector at 17%. Petroleum consumption
has been steadily increasing, with the power industry being the largest consumer.
Oil supplies 43.21% of electricity generation requirements, followed by hydropower
at 25.18%, geothermal - 20.45%, coal - 9.62% and non-conventional energy sources 1.52%.

Energy development and utilization have significantly increased over the years,
generating adverse environmental impacts. In 1978, government adopted the
environmental impact assessment requirement, requiring major development
undertakings to document significant impact on the environment in the form of
environmental impact statements. Environmental impacts of energy development
projects, particularly, were subjected to careful scrutiny. The Environmental Impact
Statement System gave rise to data bases on major projects or developments which
gradually built up through the years.

2.

INFORMATION REQUIREMENTS FOR ENERGY PROJECTS
UNDER THE PHILIPPINE EIS SYSTEM

Like most developing countries, the Philippines is faced with problems of poor
availability, even unavailability of data for environmental studies. At the start of the
implementation of the Environmental Impact Assessment System, EIS documents
submitted contained very minimal data for adequate review and determination of
environmental impacts.

To ensure that significant impacts of new developments are systematically
taken into consideration and reported, the Environmental Management Bureau (then
the National Environmental Protection Council) as the implementing agency for the
EIS system, issued a set of information requirements in the late seventies. Basically,
such requirements included site characterization (climate, terrain, hydrology,
vegetation, land use, etc.) socio-economic parameters, pre-construction details,
operation and maintenance details, contingency and abandonment details, among
others.
In the reporting of impacts, bio-geophysical and socio-economic effects were
required to be documented, including changes in water quality of affected water
systems, changes in air quality, health impacts, etc.
More recently, scoping guidelines were issued per project category. For
geothennal projects, for example, a systematic reporting of impacts, both at the
exploration and development and operation stages, was required. Again, information
and data on terrain, hydrology, water quality, meteorological conditions and socioeconomic parameters were to be submitted. For field development, documentation
were to be provided on drilling activities, site preparation, elements of the projected
steam gathering system (production and reinjection wells/well pads, steam liquid

separators, pipeline lanes and geothennal ponds), etc.
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Also, a process description is required, including composition and volumes of
extracted, reinjected or disposed goethermal fluids. All treatment facilities too, are
to be described - treatment processes, (hydrogen sulfide abatement, wastewater
treatment, spent liquid treatment prior to disposal or reinjection), capacity of
treatment plants and treated volumes. Likewise, all chemicals used in the processes
are to be listed, including quantities and potential hazardous or toxic properties.
For coal-fired power plants, the following information are required: site
preparation and construction activities; project costs; process description (complete
with process flow schemes); water supply (source and required volumes, water
treatment); coal supply; fuel and coal storage areas; flue gas treatment, stack
construction and height, etc. Also, site characteristics like land use, biota, hydrology,
water and air quality, meteorological data and socio-economic aspects are required
for reporting; as are impacts of the project on land, surface waters, atmosphere and
people.
In coal mining, proponents are required to document sources of solid wastes
(excavated earth for construction sites, top soil layer from open pit mining, mine
tailings and sludges from waste water treatment plants). Liquid effluents (process
water, other effluents) and their impacts on surface waters; mine and drainage;
siltation; changes in hydrology; noise and gaseous pollutants from blasting operations
were likewise to be discussed. Table 1 summarizes the information requirements for
energy projects under the EIS system.
3.

DATA AND INFORMATION ACTUALLY CONTAINED IN
ENVIRONMENTAL IMPACT STATEMENTS OF ENERGY PROJECTS

3.1

Coal Fired Power Plants

The country currently has three operating coal power generating plants
- the Batangas Coal-Fired Thermal Power Plant Unit No. 1 (Calaca I) in
Calaca, Batangas and Naga I and II in Cebu. Calaca I generates 300
megawatts, while Naga I and II, have capacities of 50 and 55 megawatts,
respectively. The Batangas Coal-Fired Thermal Power Project Unit No. 2 is
awaiting implementation. Meanwhile, an environmental impact statement was
prepared on the same.
The EIS contained data on site meteorology and air quality; terrain,
geology and soils; hydrology and oceanography; water quality, terrestrial and
aquatic biota and socio-economic parameters. On the plant itself, information
on plant faculties, coal handling, steam generating systems, workforce, special
design features, coal dust control systems, raw materials and sources, plant
operations and procedures, coal handling and preparation, cooling water
system, water treatment system, fire protection system, wastes, emissions and
effluents, contingency and abandonment plans, are included.

In discussing site meteorology, wind speed and direction, temperature,
relative humidity, pressure and rainfall over a four-year period (1984-1987)
are provided. Atmospheric stabilities are likewise given. Specific impacts
documented include effects on air quality as a result of gaseous waste
emissions from the BCFTPP-1 plant stack and coal dust generated from the
stockyard. Data were obtained from actual air quality monitoring and
measurement/calculation of pollutant emission dispersion by mathematical
modelling.
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TABLE 1. DATA/INFORMATION REQUIREMENTS FOR ENERGY PROJECTS UNDER THE PHILIPPINE EIS
SYSTEM

Data Needs
Project Description

- Costs (Total Project and Mitigating Costs)
- Generating, handling and treatment
capacities (daily/yearly basis)
- Required volumes for water supply
- Volumes and rates of emissions/effluents
- Raw material supply
-Etc.

Site Description

- Geology
- Hydrology and Water Quality
- Meteorological Data
- Air Quality
- Terrestrial/Aquatic Biota

Socio-economic Description

- Land Use
- Population densities
- Morbidity and Mortality Rates
- Number of affected households

Specific emissions monitored were sulfur dioxide (SO2); particulates
(stack releases, coal handling releases); nitrogen oxides; carbon dioxide and
hydrocarbons. Ambient air quality data included SO2 levels, particulates
concentration and trace metals (Al, As, Cr, Ca, Pb, Li and Mg).
To predict ground level concentrations of sulfur dioxide, particulates
and nitrogen dioxide emissions, air quality computer models were developed.
The first was to predict short-term releases from a continuous point source
and the second, to predict long-term releases from an isolated point source.
To simulate transport and dispersion of air pollutants from a stationary
source, the Gaussian dispersion model was used.
Prediction of short-term SO2 ground concentrations were made under
six atmospheric stability conditions (Table 2). Ambient ground level
concentrations of air particulates and nitrogen oxides were computed using
only condition 4 of the same table. Long-term ground level concentrations
of both BCFTPP units were calculated based on long-term meteorological
observations for a year (1986).

Radioactivity analysis data of coal fuel was also included in the
document as were radioactivity fractionation estimates of the various coal
combustion products.
Noise levels during construction and actual operation of the plant were
likewise estimated.
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TABLE 2. OPERATING DATA USED FOR PREDICTING AMBIENT SULFUR DIOXIDE, PARTICULATE, AND

NITROGEN OXIDE CONCENTRATIONS FROM BCFTPP-I AND BCFTPP-II RELEASES
BCFTPP-II EIS: JUNE 1987

BCFTPP-I
2

1

Stack, Height, m

120

150

120

BCFTPP-I
3
4

150

150

5

6

150

150

Type of Fuel:
1

1

1

1

1

1

% Sulfur

0.78

%Ash

14.47

25

25

25

25

25

25

GCV, Btu/lb

10980

7500

7500

7500

7500

7500

7500

4

6

6

67.7 33.822.6

22.6

Wind Speed, m/sec.

varied with that of
BCFTPP-H

Plume Rise, m

2 mps - 72.4
4 mps • 362
6 mps - 24.1

Terrain

varied with that of
BCFTPP-II

Stability Condition

varied with that of
BCFTPP-n

4

4

33.8

urban

33.8

2

open
open urban urban urban
country
country
A. Extremely Unstable
B. Neutral

Other Assumptions:

Stack Gases Exit Temperature
Overall Plant Effluent
Electrostatic Precipitation Effluent %
% Ash to EP Hoppers
% Sulfur Going with the Ash Hoppers

141 deg. C
31%
99 (I) & 99.
75
2638

Plant Loa
300 MW
Combusti
1560 deg.
Excess Ai
22.1%
Gas Exit Vel., 30.82
@ 300 MW, m/sec.

Socio-economic data included demography, land use, employment,
income, public health and housing. Health data included morbidity statistics.
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Geothermal Power Plants

Geothennal power offers vast possibilities for the country and will
increasingly be utilized in the coming years. For the period 1988 to 1992,353
MW has been projected for generation, bringing the geothermal capacity to
1,247 MW or a 15% contribution to the country's total installed generating
capacity by 1992.
Over the years, more and more geothermal power plant projects have
been subjected to the EIA requirement and on which environmental impact
statements have been prepared.
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Information contained in such EIS include: pré-construction and
construction details, work force, plant facilities, special design features, raw
materials and sources, water requirements and use, process flow, cooling
system, gas extraction system, emissions, effluents and wastes.

In the description of the environment, geology, meteorology, air quality,
hydrology, oceanography and water quality are discussed, among others. For
air quality, specifically, H2S, SO^, and noise data were presented and
discussed. For water quality, other than the usual monitored parameters like
disolved oxygen, data on trace elements were also collected (cadmium,
chromium, arsenic, lead and mercury). Background data on boron, calcium,
iron, lithium, magnesium, potassium and sodium levels are not provided.
Major constituents of geothermal effluents (Na, K, Cl, B, Si and Ca)
are determined and reported, as are most of the trace metals present in
effluent samples (cadmium, chromium, copper, lead and mercury). Arsenic
levels are also given. For assessment purposes, such are compared with
existing government environmental standards issued by the Department of
Environment and Natural Resources through the Environmental Management
Bureau.
For projecting biological effects, detailed surveys of vegetation and
terrestial biota are undertaken and results included in the EIS. Such usually
consist of taxonomic listing, census count and relative abundance.
Socio-economic data include demography, land use, employment,
income, etc. Early EISs on geothermal projects usually did not include data
and discussions on health. These have been increasingly provided in more
recent EISs, however. For example, in the EIS on the Palimpinon Geothermal
Power Project Unit No. 2 (located in Valencia, Negros Occidental) health and
working conditions and health hazards are discussed. Among the identified
factors are: hydrogen sulfide gas, noise, dust, potability of drinking water,
illumination, radioactivity, toxic substances from sludge and scales, insulation
materials, security and others (toxic fumes, high pressure steam lines, etc.).
Morbidity and mortality statistics are likewise being increasingly provided.

For predicting ambient H2S concentration, a model based on the basic
Gaussian dispersion model was developed, specifically adapted to the irregular
topography of geothermal sites, such as that in Palimpinon. Table 3 is an
example of results of such modelling exercise. Acid precipitation data are
usually derived from H2S monitoring data and measurement of pH of rain or
fog within a 10 kilometer - radius of the geothermal field under study.
4.

GAPS/FUTURE DIRECTIONS

Although the quality and quantity of data in environmental impact statements
have improved through the years, such are still inadequate to project the full range
of impacts associated with energy development and utilization.
Most data are only utilizable for predicting short-term or immediate and
localized effects. Even for such purposes, projections usually do not tackle
occupational injuries to personnel. Accidental situations, too, are not, as a general
rule, taken into account or discussed. Health effects are merely inferred from
comparisons with existing emission and effluent standards, which unfortunately, were
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TABLE 3. PREDICTED SHORT TERM AMBIENT GROUND LEVEL CONCENTRATION OF H2S DUE TO PGPP-II
RELEASES AT THE NASUJI SITE
PGPP-II EIS: APRIL 1990

Stability Condition: Extremely Unstable
Distance
ENE
E ESE
SE SSE
100
3.6 3.6
3.6
3.6
3.6
200 30.9 30.9 30.9
30.9 96.8
300 275.4 348 348 130.6
78.3
400 143.4 217 198.1 113.4 125.3
99.4
500 85.1 130 136.8 96.6
600 59.8 80.6 95.6
80.6
80.6
67
700 55.4 51.9 68.6
64.6
51.1
800 39.4 37.9 48.8
41.4
40.8
900 31.4 30.2 32.1
1000
25.9 25.9 1100
20.4 20.4 1200
16.5 18.6 - 1300
14.7 17.1 1400
13.1 14.9 - 1500
10.2 13 1600
6.8 11.2 1700
8 10.2 1800
7.5 9.1 Notes: (Applicable for all stability condition)

1.
2.
3.
4.

Ground Level Direction
SW WSW
W WNW
S
SSW
3.6
3.6
93.6 93.6 3.6
3.6
7.9
30.9
30.9
30.9
2.2
7.9
9.7
21.3 42.8
78.3 78.3 42.8
17
113.4
90.8 61.4
27.4
10.1
107.6
12 93.7
22.3 22.3
11
10.7
91.2
80.6 66.1 27.7 14.1
67 49.1 27.7 18.4
15.2
15.1
25.9
17.5
22
14.3
14.3
17.4
13.8
16
19.4
17.3
15.2
_
17.2
16.5
15
_
16.7
15.3
12.8
14.6
13.5
11.9
12.3
12.3
11.1
10.7
10
-

NW NNW
N NNE
NE
3.6
3.6
3.6
3.6
3.6
30.9
96.8
30.9
30.9
30.9
275.4 275.4
4 42.8 130.6
42 143.4 125.3
5.7
42
73.6
11.8
79.3
30.5 30.5
54.4
19.2
18.2
32.8
58.2
44.4
18.4
15.8
46.9
34.9
40.8
33.1
17.5
17.5
31.9
24 32.1
22 26.5
14.3
26.7 25.9
13.2
20.3
23.2
21
14.2
13.1
19.9
19.9
11.8
10.3 16.5
16.5
16.9
12.4
14.2
14.2
10 13.6
11.7
12.3
9.6 12.3
11.1
10.4
8.6 10.6
9
10.9
10.3
7.5
8.1
8.9
9.1
7.1
7.5
9.3
7.8
8.3
7
8.2
6.7
7.4
7.6

NPCC Ambient H2S Standard is 30 ug/scm (30 min.)
Prevailing wind directions: N, SE and W
Values are 5-minute averages
To get hourly and 24-hour averages, multiply predicted values by factor of 0.8 and 0.137 respectively.

drawn up not exactly taking into consideration local conditions. The inadequacy of
past and current predictions are reflected in the emerging problems of energy
projects - primarily unmitigated pollution.
The country must move on to better schemes for impact prediction of energy
development and utilization. But such would necessitate better data bases for
determining the broad array of risks arising from such undertakings.
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Abstract

The features of a database concerning environmental impacts of energy generation
systems on the territory of the former German Democratic Republic are introduced in
this paper.
These include:
databank of the power producing industry (information on power economy which
comprises the entire process of primary energy generation including conversion
and use and data on the brown coal mining industry such as agriculture and
forestry acreage, areas for water management);
data on monitoring environmental impacts such as emissions (dust, SO^
fluorine, chlorine, ammonia); immissions (concentrations of harmful sustances),
and waste repositories (dumping sites);
data on environmental radioactivity and radiation exposure such as radioactive
contamination of the environment by artificial radionuclides, radiation exposure
of the population and occupational radiation exposure;

data on health impacts (infant mortality, life expectancy, cancer morbidity, chronic
bronchitis, respiratory diseases) and information on diseases due to chemical or
physical impacts,dusts,etc;

data on different types of accidents (at work, traffic accidents, during different
activities).

The paper concludes by highlighting the need of developing of environment/health
relevant data banks based on an internationally uniform methodology. Inter-disciplinary
working groups should be established to further examine the structure between
energy-environment-health.
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1.

Introduction

The energy policy o-f the- former GDR was characterized by the
drive -For independence -from energy and energy resources imports
•from Western countries. This led to a continuous expansion o-f
local brown caal production disregarding cost e-f -f ecti veness and
energy balance. This low—caloric raw brawn coal with a calon-fic
value o-f SS00 kJ/kg has a relatively high sulphur content o-f 0.S"
in the coal deposits east o-f the Elbe river, and 1.9 7. in the
deposits west o-f the Elbe river.
The structure o-f primary energy consumption in the country in
1988 clearly shows the dominant role o-f solid -fuels:
Solid -fuels
among them raw brown coal
Liquid -fuels
Gaseous -fuels
Other energy resources
among them electric energy
•from nuclear power

73.3
69. 1
13.2
9.5
3.5

7.
'•'.
7.
7.
7,

3.0

7,.

The high share o-f solid -fuels, above all raw brown coal and
its
re-fined products, is re-fleeted also in the structure o-f the
energy supplied/final energy. Also here solid -fuels take the
•first place with 37.6 7.. The shares o-f other energy resources
in supplied energy consumption are:

Thermal energy
Electric energy
Fuels (gasoline)
Gases
Liquid -fuels
Others

23.6
14.3
13.6
9.5
0.S
0.6

7.
7.
7.
7.
%
7. .

This energy resources structure, the use o-f energy resources in
o-ften inef-ficient and largely worn energy conversion plants not
equipped with appropriate devices to protect the environment
(dedusting, desulphurization and déni tri -f i cati on devices), and an
i11—conceived pricing policy entailed annual emissions into the
atmosphere
o-f about 5 million tons o-f sulphur dioxide, 2—3
m i l l i o n tons o-f dust, and 400,000-500,000 tons o-f nitric oxides.
Such emissions o-f harm-ful substances resulted in loads on and
hazards to eco-systems, in particular -forests, and public health.
In
19S9 36.6 7. o-f the GDR
population lived
in areas with
temporarily inadmissibly high loads o-f sulphur dioxide, and 26.3
X lived in areas with inadmissibly high loads o-f dust (i.e. more
than 0.3
mg/m"~ o-f SO^ and more than 300
mg/m"" o-f dust).
Especially in the winter months limit values were constantly
exceeded in densely populated areas (big cities). That gave rise
also to smog situations -followed by an increase in respiratory
and
cardio-vascul ar diseases. At values o-f l mg/m"" o-f SO^ over
three days a mortality rate increase was registered. A growth o-F
acute respiratory diseases in adults was „observed above 0.S
mg/m'^o-f SÛ2 ? and in children above 0.6 mg/m° o-f S02- Exposures
over various days to 0.7 mg/m"" o-f SÜ2 and to 0.75 mg/m° o-f
airborne dust led to an increased mortality rate among older
people. Such situations occurred repeatedly throughout the year
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during heating periods (when also households are predominantly
•fired with brown coal). Studies showed that in the exposed town
a-f Halle 35 to 45 years old men had the same coughing symptoms
as 60-to—65-year-olds in the relatively low exposed town a-f
Schwerin.

2.

National data bants on energy, health and the environment

To
monitor and assess those environmental and health impacts,
the -following surveys were made and central data banks run:
2.1. Data banks o-f the power—producing industry

In the power-producing industry a-f the -farmer GDR speci-fic data
-funds/statistics related to groups o-f products were prepared
annually and stored at the Institute o-f Energetics. The -following
two data banl s are o-f particular relevance:
a)

The data bank on power economy.
This data bank comprises the entire process o-f primary
energy generation including its conversion and use. It is
broken down by energy resources, territories and ministries,
and consists o-f the -following seven components:

1.
2.
3.
A.
5.
6.
7.

Overall assessment
Production and consumption o-f primary energy
Energy consumption o-f the various areas
Supplied energy consumption
Energy conversion and transport
Supply with energy resources
Power-producing industry and the environment.

A detailed list o-f the total contents is given in Annex 1.
The input data were provided by the respective power
producing enterprises. The data were stored at the Institute
a-f
Energetics
and prepared according to
the
above
components.
b)

The data bank o-f the brown coal mining industry.
This
data bank comprises technological, economic
and
environment speci-fic data o-f raw brawn coal mining and
re-fining on the territory o-f the -farmer GDR. It consists o-f
seven parts (production o-f raw brown coal, production o-f
briquettes,
power stations, economy,
speci-fic
costs,
maintenance).
In-formation on area utilization should be particularly
mentioned in this connection. It is subdivided, according to
the type o-f area, into
. agricultural acreage,
. forestry acreage,
. areas used -for water management,
. other usable space;
and according to.the legal title, into
. non—company usage,
. company—owned areas.
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The data of the various parts are broken dawn by technologies,
production sites and enterprises. The data are provided by the
coal
industry companies, the Lausitzer BraunKohlen-AG being
responsible -for their collection and preparation.

2.2. Data on environmental monitoring
For
monitoring
the environmental
impacts the
data
bank
"Environmental Protection" (DASUS) has been extablished which is
subdivided
into three parts: emissions, immissions, and waste
reposi tones.

DASUS is run by the former Institute o-f Environmental Protection
o-f the -former Ministry o-f the Environment, Nature Conservation,
Energy, and Reactor Sa-fety.
The -following attributes and relations are covered:

a)

Emissions:
.
.
.
.
.
.
.

Dust -from power generating plants (tons per year);
Dust -from manufacturing plants (tons per year);
Sulphur dioxide from power generating plants;
Sulphur dioxide from manufacturing plants;
Nitric oxides (NO1.,) from power generating plants;
Nitric oxides (NQ., ) from manufacturing plants, as well as
Fluorine, sulphur compounds (without SO-O ,
carbon
monoxide,
chlorine/hydrogen
chloride,
ammonia/amines, hydrocarbons.

These data have been available since 1976.

b)

Immissions:

Concentrations
of
harmful
substances
(microgram
per m°).
Measured values as: arithmetic means,
max i mum daily mean s,
frequency of exceeded l i m i t values,
monthly means,
deciles and quantics.
Model values: 25—km—modules.
These data have been available since 19S4.
c)

Waste repositories:
Deposited
waste products containing harmful or
toxic
substances:
dumping sites,
type and quantity of waste products (tons per
year),
main substances contained therein.
These data have been available since 19S4.
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The data sources -for DASUS are:
. Emission reports prepared by the enterprises under
supervision
o-f
the
-former
National
Environment
Inspection;
. Immission network of the -former Meteorological
Service
and Hygiene Inspections;
. Application procedure -For disposal o-f waste
products
containing harm-ful or toxic substances.

2.3. Data on environmental radioactivity and radiation exposure
The radioactive contamination o-f environmental media in the
vicinity o-f nuclear power plants, in mining areas and on the
whole territory o-f the -former GDR as well as occupational
radiation
exposure o-f workers was measured, and
the
radiation exposure o-f the population was assessed, under the
responsibl ity o-f the -former National Board -For Atomic Sa-fety
and Radiation Protection (SAAS, now incorporated into the
Federal Agency -for Radiation Protection o-f Germany). The
data obtained were centrally stored at the SAAS and cover:

1. Radioactive contamination o-f the environment
by arti-ficial radi onucl i des:
. emissions and immissions -from nuclear -facilities,
. impacts -from the Chernobyl reactor accident,
. global -fallout,
. radioactivity in the Baltic Sea;
by natural radioactivity
. natural radioactivity in rocks, building materials,
buildings,
industrial
by-products,
phosphate
•f erti 1 izers,
. emissions -from uranium mining and m i l l i n g , other
mining
activities,
and
-f ossi 1—fuel led
power
stations,
2. Radiation exposure o-f the population
by
. emissions -from nuclear facilities,
. the Chernobyl reactor accident,
. global -fallout -from nuclear weapons tests,
. stay in buildings and in the.open,
. emissions -from mining operations, -fossi 1—fuel led
power stations and other sources.

3. Occupational radiation exposure
at nuclear -facilities, use o-f radioi sotopes and ionizing
radiation in research, industry, and medicine (with the
exception
o-f
patient exposure by
diagnostic
and
therapeutic measures).
2.4.

Data on health impacts

To
assess the correlations and impacts
o-f
environmental
pollution on public health, medical statistics -files kept so -far
can be used. They cover:
. In-fant mortality,
. Life expectancy,
. Cancer morbidity,
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. Chronic bronchitis,
. Respiratory diseases.
These data were registered at public health -facilities,
to central bodies and condensed there.

reported

The register o-f occupational diseases can also be used to detect
correlations between exposure and health. That register was also
kept by the National Hygiene Inspection covering the -following
di seases:
. Diseases due to chemical impacts,
. Diseases due to dusts,
. Diseases due to physical impacts,
. Diseases caused by infectious agents and parasites,
. Diseases caused by overstraining the locomotor system,
. Other diseases.
At least the first two groups of diseases can be used to assess
the correlations between exposure and health.
2.5.

Data on accidents

The Institute of Energetics also kept a register of accidents in
the power—producing industry and ran a data bank on accidents
covering:
Accidents at work,
Accidents on the way and traffic accidents,
Accidents suffered during other activities.

2.<S. Data on the state of forests
To assess the stat§ o.f forests, the vitality of forests is
registered in five stages by forestry facilities: 1 = healthy, 5
= dead. The data of the areas covered are centrally stored
and
evaluated by the Forestry Board.

3.

Some environmental facts of power generation based on
coal

brown

By using the above data pools conclusions can be drawn concerning
the impacts of power generation based on brown coal.

3.1. Emissions of harmful substances
In 1939 the following emission rates of harmful substances
related to area and number of inhabitants were registered:
. 4S.00 tons of sulphur dioxide per square km and
0.31 tons of sulphur dioxide per inhabitant;
. 19.00 tons of dust per square km and
2J. 12 tons of dust per inhabitant.
From that power generation accounted for:
. 40.40 tons of sulphur dioxide per square km and
0.26 tons of sulphur dioxide per inhabitant;
. 14.40 tons of dust per square km and
0.09 tons of dust per inhabitant.
Emission shares of the various producer groups were:
. Power generation plants
79 7. of SO-« 54 7. of dust
. Manufacturing plants (industry) 5 7.
21 7.
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. Small consumers
. Other enterprises
. Domestic -fuel

2 7.
77.
77.

3 '/.
15 "
7 "/.

Per ton of brown coal used -for power generation
14.6 kg o-f 30,2 and
5.2 kg a-f dust
were produced.
Per giga—watt hour o-f electric energy produced in thermal
plants 41.7 t o-f SO 2 and
14.9 t o-f dust
were emi±ted.

power

3.2. Area lost and ground water management
The area lost duetto open-cast brown coal mining since 1965 comes
to about 667 km". Only 76 7. have been reclaimed so -far. That
means
a
heavy loss o-f living space and
impairment
o-f
environmental conditions.
For drainage o-f the mines the_ground-water level had to be
lowered. To achieve that 5.55 m'" o-f water had to be hoisted per
ton o-f produced raw brown coal. That lowering a-f-fected the
drinking water production and the neighbouring eco-systems (e.g.
•forests) .

4.___Remarks concerning the use o-f the data banks

The acquisition, storage and assessment o-f the above data was
per-formed
by
central agencies designated by
the
-former
government. Enterprise reports based on questionnaires authorized
by
the government were sent to the
National
Statistics
Administration. Environmentally relevant data were previously not
allowed to be published. They were accessible only to a strictly
con-fined circle o-f users and could be utilized only
-for
o-f-ficially relevant tasks. They were mainly intended -for reports
to ministries or the government. Part o-f those data was used also
•for international reporting required under rati-fied conventions
(e.g. ECE, IAEA).

For many years the -following reports have been prepared:
. Energy reports to the Ministry o-f Coal and Energy;
. Annual emission reports by the Ministry o-f Environmental
Protection and Water Management;
. Monthly and annual immission reports by the Ministry o-f
Environmental Prptection and Water Management;
. Annual air hygiene reports by the Ministry o-f Public
Health;
. Annual reports on the handling o-f repositories -for toxic

materials
by the Ministry o-f Environmental Protection
and Water Management;
. Annual radiation protection reports and reports . on
environmental radioactivity by the National Board for
Atomic Sa-fety and Radiation Protection;
. Annual
reports by the Ministry a-f Public Health on
the occurrence o-f certain diseases and accidents.
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All these reports were classi-fied until 193e? and not
to the public. The first environment reports (as of
published in March 1990.

accessible
198S)
were

The data bant-s described above were developed under the special
conditions o-f the -former GDR requiring central registration and
assessment. They were made possible by centralist
economy
management and intended as an instrument of central management
and planning.
The registration of this kind of data under market—economy
conditions has to have a different objective. Because of the
federal structure of the unified Germany the preconditions are
also
different.
Therefore at present there
are
certain
uncertainties regarding the continuance and further operation of
those data banks.
It must be stated, however, that it is necessary to continue
registering and storing those data in a way corresponding to the
new circumstances in order to be able to purposefully improve
environmental conditions and to take them into account in
investment measures. At the same time they are an important basis
for siting decisions and for the preparation of guidelines and
1 aws.
Therefore the authors take the liberty of making
recommendations to the Tecnnical Committee:

the

following

1.

Development of environment relevant data banks based on an
internationally
uniform methodology or nomenclature is a
precondition for uniform assessment, comparability as well
as exchange of data, and is, therefore, highly desirable and
strongly supported.

2.

A relevant methodology should be developed for application
in all Member States of relevant UN organaizations.

3.

Inter-disciplinary working groups (consisting of specialists
from the power-producing industry, environmental protection,
and medicine) should be established with a view to further
examine
the cause-effect structure between
energy
environment - health.
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ANNEX
ENVIRONMENTAL COMPLEX BALANCE
FOR THE TERRITORY OF THE FORMER GERMAN DEMOCRATIC REPUBLIC

Survey of selected figures of the national and energy economy
Energy flow chart of the GDR
Primary energy balance survey and pattern of the primary energy consumption
Production and production pattern
Imports and imports pattern
Discharging Will, stocking Wil, balances of other production/other consumption
Exports and exports pattern
Stocks
1989 primary energy balance
Primary energy net calorific values
Primary energy balance (quarterly)
Quarter-values of primary energy consumption, medium air temperature and degree
days
1989 interlocking calculation to the energy balance of the GDR (in units of quantity)
1989 interlocking calculation to the energy balance of the GDR (in units of heat)
Figures of energy conversion processes
Selected production figures for power stations broken down to sectors
1989 capacity increases in power stations
1989 capacity decreases in power stations
• Energy supplied (actual) broken down to sectors and sources of energy
Source of energy balance Anthracite
Source of energy balance Total hard coal coke
Source of energy balance Metallurgical coke
Source of energy balance Blast-furnace coke
Source of energy balance Foundry melting coke
Source of energy balance Industrial coke
Source of energy balance Brown coal - high temperature - coke
Source of energy balance Brown coal - low temperature - coke
Source of energy balance Run-of-mine raw brown coal
Energie flow chart Run-of-mine raw brown coal
Source of energy balance Screened brown coal
Source of energy balance Brown coal briquette
Energie flow chart Brown coal briquette
Source of energy balance Pulverized dried brown coal
Source of energy balance solid fuels, total -TJ Capacity balance electricity - MW - short balance December - main control values1989 Utilized capacity electricity - M W - (at the same time as the main control values)
1989 Utilized capacity of selected consumer groups of town gas
Material utilization of sources of energy
Development of the town gas consumption including fuel oil utilization in binary systems town gas/fuel oil according to supply sectors
Development of the import natural gas consumption including fuel oil utilization in binary systems import natural gas/fuel oil according to supply sectors
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-

GOR Natural gas production broken down to production areas
Flat stock and heating types - district values - as of 31 Dec. 89
Development of the specific heat consumption for residential construction
Development of the heat consumption from public supply facilities
Development of the heat consumption from non-public supply facilities
Supply of selected sources of energy for the population broken down to regions
Sources of energy balances and sources for supply - selected solid fuels 1989 Regional breakdown of the fuel consumption- selected solid fuels - economy 1989 Regional breakdown of the fuel consumption: funds of district councils und energy supply enterprises in total

- Consumer-related account: selected soild fuels for district councils according to regions
- Consumer-related account, selected solid fuels for energy supply enterprises according
to regions
- Transport-related supply losses of solid fuels
- Production/Mining of solid sources of energy
- Average output per day
- Average daily output of raw brown coal (rbc)-production of the Bitterfeld and the Senftenberg brown coal combine.
- Sources of energy consumption within the Ministry for Coal and Energy range
- Biogas produced and its utilization within the Ministry of Agriculture, Forestry and Food
range
- Survey of prices for selected sources of energy
- Sulphur dioxide emissions sectors and districts
- Dust emissions sector und districts
- Nitrogen oxide emissions and other air polluting substances
- degree days
- selected abbreviafions
- Energy supplied (basic consumption) broken down to sectors and sources of energy
- Energy supplied (actual) - production dependent
- Energy supplied (actual) consumption - auxiliary consumption
- Space heating consumption (actual) broken down to sectors and sources of energy
- Space heating consumption of the industrial ministry ranges (actual) broken down to
sources of energy
- Energy supplied broken down to sectors and sources of energy in the 1985 - 1989 period
- Energy supplied broken down to the intended utilization
- Population's energy supply (in units of quantity and PJ)
- Energy basic consumption of the population for space heating and other consumption
- Actual energy consumption of the population for space heating and other consumption
- Flat stock broken down to the various types of heating
- Specific energy consumption for space heating of the population
- Population-gas basic consumption broken down to the household processes
- Standards of the specific energy consumption
- Development of energy-intensive processes in the national economy
- Energy consumption of the sectors (actual) - P J - 1989 energy consumtion of the sectors (actual) - units of quantity - Energy consumption differences of the sectors in 1989 compared to the previous year
- Pattern of the energy consumption broken down to consumers and sources of energy
groups
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Source of energy balance Electricity
Energy flow chart Electricity
Source of energy balance Heat
Source of energy balance District heat
Source of energy balance Town gas
Source of energy balance Indigeneous natural gas
Source of energy balance Import natural gas
Energy flow chart Import natural gas
Source of energy balance LPG
Source of energy balance Oil
Source of energy balance Brown coal tar
Source of energy balance Brown coal low-temperature carbonization light and medium
oil
Source of energy balance Fuel oil
Energy flow chart Fuel oil
Source of energy balance Oil residue
Source of energy balance light fuel oil as marine propellant mixture
Source of energy balance Aviation-Otto-fuel
• Source of energy balance Aviation-turbine fuel
Source of energy balance Motor petrol
Source of energy balance Diesel fuel
Source of energy balance Technical petrol
Source of enetgy balance Total hard coal
Source of energy balance Total energetical hard coal
Source of energy balance Sorted energetical hard coal
• Source of energy balance Fine hard coal
• Source of energy balance Hard coal useful for coking
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IAEA ENERGY AND ECONOMIC DATABANK

International Atomic Energy Agency,
Vienna

Presented by I. Novak
Abstract

A brief outline to the IAEA-Energy and Economic Databank is incorporated in
this Working Material. The databank is a collection of information and data gathered
from UN-sources, OECD and other international organizations. Among the information
contained in the database are data on population, energy, electricity (nuclear and
non-nuclear), economics of electricity generation. Information as historical and future
values on energy refers to production, imports, exports, stocks of all fuel types and total
energy consumption values are included. Electricity sector includes historical and
forecasted values on installed capacity, production, imports/exports of electricity.
Database contains relevant information for countries as well as regional/world levels.

INTRODUCTION

The Energy and Economic Databank is a collection of data
gathered from sources both external and internal to the IAEA.
data is related to world-wide (and individual country) energy
consumption and production, and also contains economic and
demographic statistics.

The

Major external sources include the UN Statistical Office, the
World Bank, the International Monetary Fund, and the Organization
for Economic Co-operation and Development. The IAEA itself provides
data related to nuclear power reactors and to nuclear electricity
production.
The Databank is not only a collection of historical data, but
also contains projected forecast values for the future.
A major use of the Energy and Economic Databank within the IAEA
is in the field of forecasting future nuclear potentials for
individual countries and country regions. It is also used to
produce IAEA publications and statistical analyses in the field of
nuclear power reactors.
The Databank has been installed on the IAEA computer utilizing
a commercial database management system (ADABAS). The data base
system allows the Databank to be accessed using computer terminals.
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SOURCES OF THE DATABANK

There are four types of sources for the Databank.

These are:

Major internal (IAEA) sources
Major (machine readable) external sources

Minor external sources
Internal (IAEA) forecast or calculated sources
Major internal (IAEA) sources

The IAEA maintains a number of computerized information fields
on the data base management system. These are an integral part of
the Databank. They have an independent existence but are designed
so as to be able to connect with (and contribute to) the Databank.
For instance, the Division of Nuclear Power maintains a
computerized "Power Reactor Information System". This has data
relating all the commercial nuclear power plants in the world. It
records the type, capacity, construction details, and yearly
operating data on a plant by plant basis. All this information is
available directly to users of the Databank. In addition, some of
the data is accumulated by country, and is contributed to the
Databank.
Major (machine readable) external sources
There are many organizations in the world gathering and
disseminating statistics. Statistical data related to energy and
economics for countries and regions are required by the IAEA to
assist in forecasting nuclear power growth and requirements. While
the IAEA is concerned only with the field of nuclear energy,
forecasts and models of nuclear power requirements cannot be carried
out in isolation. Nuclear power must take its place within the
framework of total energy requirements.
The IAEA does not itself gather "non-nuclear" data, but rather
subscribes to already existing external sources.

A number of organizations provide regular computer readable
(usually magnetic tape) data files covering all or most countries in
the world and containing energy and economic statistics.
The data from these major external sources are loaded directly
in the Databank changing only the data format to conform to the
Databank (and ADABAS) standards. Each major external source
utilised by the IAEA will have a portion (file) of the Databank to
itself.

Major external sources include:
The UN Statistical Office in New York
The World Bank
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OECD

The World Energy Conference.
Minor external sources

Other external sources do not come in regular and convenient
(that is computer readable) form, and may not cover a large number
of commodities or countries.
These sources are usually "pieces of paper". They would be
pages from a book or perhaps data emanating from a conference or
working group.

It is not possible to allocate a separate portion of the
Databank to these items of data, and so they are stored altogether
in one part called the "working store". When in the "working
store", they can be retrieved and operated on, and can then be used
to contribute, selectively, to other parts of the Databank.

Internal (IAEA) forecast or calculated sources
The work of the IAEA includes making nuclear energy forecasts.
This is carried out using computer "models" specially developed in
the IAEA. The models operate on the data in the Databank, and in
turn create new data values which are stored back into the Databank.
It is in the nature of development work involving models that
many sets of data may be generated before the parameters and
algorithm of the model are decided upon. The results produced in
the intermediate stages are stored in the "working store" of the
Databank. When the model is finalized, only one set of results will
be retained and the rest removed. The final results then resident
in the "working store" are reviewed and may then contribute, in full
or in part, to other parts of the Databank.
CONSTRUCTION OF THE DATABANK

The Databank can be considered to have four parts. Some of
these parts have been mentioned, or hinted at, previously. These
parts are:

The major internal part.
This consists of a number of files developed and maintained by
the IAEA.
The major external part.

This consists of a number of files loaded from magnetic tapes
received from external sources.
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The working store part.

This consists of one file only containing small sets of data
received from external sources, and sets of IAEA developed
forecast or calculated values.
The summary part.
This part has not been mentioned previously. It contains one
set of data relating to all countries and commodities and
represents the "best set of values"
Data from all the other
parts is selected to give one value for each commodity.

The summary part is, in fact, a file in its own right, called
the Summary File, and is described in the next section.
The Summary File
The Energy and Economic Databank Summary File is a file built
from all the other parts of the Databank, such that it contains one
value only for all the important commodities that may well have
several values from various sources.
It represents the "best known values" for each commodity.

For each country there is one record for every year in the
past, and two (a high value and a low value record) for each year in
the future.
Commodity Groupings Currently Covered
There are many commodities contained in the Databank. This
list below indicates only the major areas and the sources currently
used for them. The data is held by country, with historical values
for each year from 1950 to the present date. Future values are, in
general, stored also by country with an optimistic (high) and a
pessimistic (low) value.
Population.
Historical Values,

source: UN Statistical Office
International Monetary Fund

Future Values,

source: World Bank,
UN Statistical Office,
IAEA extrapolations

Energy.
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Historical Values,

source: UN Statistical Office

Future Values,

source: IAEA extrapolations

Production, imports, exports, bunkers and stocks of all fuel
types.
Total energy consumption values.
Electricity (non nuclear).

Historical Values,
Future Values,

source: UN Statistical Office
source: IAEA extrapolations

Capacity, production, imports and exports of total electricity.
Capacity and production of different methods of electricity
generation (except nuclear).

Electricity (nuclear).
Historical Values,
Future Values,

source: IAEA
source: IAEA extrapolations

Capacity and production for nuclear electricity generation.
Numbers and capacities of nuclear plants operational, under
construction, planned and shut-down.
Economic.
Historical Values, source: UN Statistical Office
World Bank
International Monetary Fund
Future Values,

source:

IAEA extrapolations

GDP,

source: World Bank.

RESPONSIBILITY FOR THE DATABANK

The Databank is maintained by:

The Economic Studies Section
Division of Nuclear Power
IAEA
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DESCRIPTION OF METHODOLOGY FOR CALCULATING
HISTORICAL ENERGY CONSUMPTION AND ASSOCIATED CO2
EMISSIONS

J. F. HOCKING
International Energy Agency (OECD)
Paris

Abstract

The paper presents a methodology for calculating worldwide historical energy
consumption and associated carbon dioxide emissions developed by the International
Energy Agency. The data used are based on information provide in annual OECD
questionnaires: oil, natural gas, solid fuels and manufactured gases, and electricity. By
introducing initial emissions factors and elements of the energy balances the database
generates data on CO2 emissions with special emphasis on the electricity generation
sector. Each of the 24 OECD Member countries are included in the database, as well
as the total for all OECD countries and for three distinct regions (Pacific, North
America, Europe).

Source of Energy Data
The Statistics Division of the DBA compile annual Energy Balances for OECD Member
countries commencing from 1960 and which run currently to 1988. The data shown hi the
Energy Balances are based on information provided in four annual OECD questionnaires: Oil,
Natural Gas, Solid Fuels and Manufactured Gases, and Electricity. The data represents
standardized energy balance sheets expressed in a common unit of million tonnes of oil
equivalent (Mtoes) for all 24 OECD Member countries. It is, as well, separated into specific
regions, North America, Pacific and OECD Europe.
In converting the basic data to a common unit a partial substitution model has been applied.
Coal and gas are expressed in terms of the amount of oil that produces the same amount of
heat, whereas hydro and nuclear electricity are expressed in terms of the hypothetical amount of
oil which would be needed to generate the same amount of electricity hi conventional thermal
power plants.
The most recent data is published in the LEA publication "Energy Balances of OECD Countries
1987-1988", OECD, Paris, 1990. Two other publications providing a further breakdown of

statistics are "Energy Statistics of OECD Countries 1987-1988", OECD, Paris, 1990, and "World
Energy Statistics and Balances 1971-198T, OECD, Paris, 1989. The former provides, amongst
other things, the breakdown of crude oil into its various refined products. The latter has similar
statistics to the EEA Energy Balances but for most of the rest of the World. Additional
explanations of the terms and material described in this Paper can be found within these
publications.
Selection of the Data

All 24 OECD Member countries can be examined, along with the sum total for all OECD and
for the three OECD regions. These are: the Pacific (being Japan, Australia and New Zealand),
North America (Canada and the USA) and OECD Europe (representing the remaining OECD
Member countries). Data for all years since 1971 are currently available.
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TABLE ONE

FEEDSTOCKS USED IN PETROCHEMICAL INDUSTRY

U n i t s i m i l l i o n tonne« o f o i l e q u i v a l e n t
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All fuels listed in the IEA Energy Balances have been detailed: coal, oil, gas, other solid fuels,
nuclear, hydro, geothermal, solar, heat, electricity and their total. These fuels are then crosscorrelated with selective elements of the Energy Balances to display the distribution of the fuels
amongst the various end-use sectors. These are:
Total Primary Energy Requirements (TPER)
Electricity input (being the sum of the two entries Autoproducers of electricity and
public electricity)
Total Final Consumption (TFC)
Total Industry
Total Transport
Total Other

Within the industry sector, the end-uses can be further broken down into:
iron and steel
chemical including feedstocks
non-ferrous metals
non-metallic minerals
transport equipment
machinery
mining and quarrying
food and tobacco
paper, pulp and printing
wood and wood products
construction
textile and leather
non-specified industry
Within other, the end-uses can be further broken down into:
agriculture
commerce and public service
residential
non-specified other

Within the transport sector, the end-uses can be further broken down into:
air
road
rail
inland water
non-specified transport
The EEA also compiles data on non-Member countries (see: 'World Energy Statistics and
Balances 1971 - 1987", IEA/OECD, Paris, 1989) and by using the same methodology, carbon
emissions for the rest of the World can be calculated. An example of World carbon dioxide
emissions is attached at the end of this Room Document.
Purifying the data

From the data that has been selected, particular modifications are made to enable the utilization
of the statistics to calculate carbon dioxide emissions for the purposes of making policy
analysis. Specifically:
1. The Energy Balances include a listing of non-energy use of energy sources. This
includes the use of petroleum products such as white spirit, paraffin waxes, lubricants and
bitumen. As their use is non-energy, they are not initially combusted. Non-energy use does
not, therefore, contribute immediately to carbon dioxide emissions. Therefore, from total
primary energy requirements and total final consumption is deducted the figure for total nonenergy use. It is acknowledged that further down the fuel cycle, non-energy use may well
make a small contribution to CO2 emissions. For the purposes of this analysis it is not possible
to quantify this contribution accurately. Suffice to say it exists but that it does not distort the
results significantly.

2. Within the total industry sector of the Energy Balances is a sub-section listing
petrochemical feedstocks as a part of chemical industry. This covers all oil, including naphtha,
used within the petrochemical industry. To avoid double counting of any emissions that may
come from these products, they are deducted from the total industry, total final consumption and
total primary energy requirement columns. As with non-energy use, this method of calculation
is not 100% accurate as some additional emissions may be generated by the feedstock products
themselves.
The quantity of oil and natural gas (in Mtoes) utilized in feedstocks throughout the OECD is
listed in Table One.
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Calculation of Carbon Dioxide Emissions

It is to these modified energy balance tables that the emission factors are applied to enable the
conversion of million tonnes of oil equivalent into million tonnes of carbon as a unit of CO2
emissions. This is done on both a country specific and regional basis. The initial emission
factors utilized are those applied by the OECD Environment Directorate as recorded in
"Greenhouse Gas Emissions: The Energy Dimension", page 71. (A Working Paper submitted to
the White House Conference on Science and Economics Research Related to Global Change, 17
- 18 April 1990) and shortly to be published. A full discussion of the calculation of these
factors can be found within this document.
The initial emission factors are based upon primary fuel factors for lower heat values. They are
listed in Table Two.
Table Two
Initial Emission Factors

Grams Carbon per Mega-joule
Natural Gas
Oil
Coal
Other Solid Fuels

15J
20.0
25.8
21.2

Range (% +/-)
0.1
3.0
3.0
>10

To calculate CO2 emissions it is necessary to first convert million tonnes of oil equivalent to
mega-joules by multiplying by 41.868 x 109, This figure is then multiplied by the relevant
initial emission factor and by 10"u to convert grams of carbon to million tonnes of carbon. The
resulting values represent the primary emission factors that are applied to the total primary
energy requirement figures to obtain the carbon emissions. The primary emission factors for
natural gas, oil and other solid fuels are represented hi Table Three.
Table Three
Primary Emission Factors

Fuel
Natural Gas
Oil
Other solid JFuels

Primary Emission Factor
0.64
0.84
0.89

Because of variations in emissions among different coal types, it is preferable to apply
differentiated coal emission factors when examining national data or specific OECD regions. For
these purposes the values contained In Table B-l page 175 of the (DEA/OECD) aforementioned
study have been applied to express differences hi regional coal properties. They are, for the
OECD Total 26.1, OECD Europe 26.6, OECD North America 25.8, OECD Pacific 26.2, and for
Greece 33.1 and Australia 26.7. Within the regions, the regional emission factor for coal has
been applied to the countries making up the regions with the exception of Australia and Greece
which, for illustrative purposes, have specific emission factors.

It is possible to apply average emission factors to a fuel such as oil. For coal, however, there
can be significant differences between the heat factors and the coal types within regions and

within countries. This work is very much preliminary in this regard. The intention has been to
examine the emissions utilizing existing emission factors. It is hoped that emission factors,
especially for coal, will be developed which take into account these problems.
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Table Four
Coal Regional Primary Emission Factors
OECD Total
OECD Europe
OECD North America
OECD Pacific
Greece
Australia

1.09
1.11
1.08
1.10
1.39
1.12

Performing the above calculations gives the primary emission factors for coal set out in Table
Four.

The emissions for total primary energy requirement are calculated by multiplying the million
tonnes of oil equivalent by the relevant primary emission factor to give CO2 emissions in the
units of million tonnes of carbon.
Although there are no direct emissions of CO2 from nuclear and renewable energy, indirect CO2
emissions form nuclear energy (uranium mining and enrichment) and during the building of
power plants, is believed to be significant (P. Okken, D. Tiemersa "Greenhouse Gas Emission
Coefficients from the Energy System -Two Methods to Calculate National CO, Emissions",
Paper for IPCC Response Strategies Working Group, 28-29 September 1989, page 17). These
emissions will be noted in the total industry figures and hence fossil fuels used in the
construction of such energy plants are included in the emissions inventory.
Delivered Fuel Emissions

When considering emissions further down the fuel cycle, it is necessary to take into account
bo'h the input of fuels into the production of electricity as well as the transformation and other
losses. As such, a weighted emission factor is prepared for each country and each OECD
region. The weighted emission factor distributes emissions which occur hi the transformation
process, or those that are lost in statistical differences and other losses, proportionately amongst
the various end-use sectors.
To calculate the weighted emission factor the primary emission factor is multiplied by the Total
Primary Energy Requirement and divided by the Total Primary Energy Requirement less all
losses and statistical differences. These are recorded hi the IEA Energy Balances as:
statistical differences
petroleum refineries
liquefaction
own use in transformation industry

distribution losses
gas works
coal transformation
other transformation losses

Thus: EF weighted = EF primary x TPER /(TPER - all losses)

It is this weighted emission factor that is applied to the end-use sectors: industry, transport and
other, and to the different modes within each. It is also applied to total final consumption. By
multiplying the Mtoe figure by the emission factor the emissions of carbon dioxide in million
tonnes of carbon are calculated.
The non-energy uses defined hi the IEA Energy Balances have been excluded from the
emissions calculation but their contribution to the losses in transformation and statistical
differences are difficult to calculate. It is possible, therefore, that a portion of the losses are
caused by non-energy use. This portion would still figure when the emission factors are
weighted and may produce a slightly inaccurate result. This distortion is considered, however, to
be insignificant.
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Electricity
The input of fossil fuels into the production of electricity is represented in as a separate entry
entitled "ELINPUT". Emissions resulting from electrical production are calculated in the same
manner as for the end-use sectors. That is, each fuel input into the generation of electricity is
multiplied by its weighted emission factor. No carbon dioxide emissions are assumed to emanate
directly from electricity generated by nuclear or hydro, solar or wind methods. Thus, although
one could look down the column showing carbon emissions for total final consumption for the
OECD Total for 1988 as being 8.43% of all carbon emissions, this figure must be considered

by taking into account the fact that 77.79% of electricity emissions for that year come from
coal. All emissions on a fuel basis after Total Primary Energy Requirements must, therefore,
take into account the additional electricity emissions.
Within each sector, electricity emissions are distributed proportionately to the ratio of use each
sector makes of electrical production. Total electrical emissions are calculated by summing
electrical emissions from the four fuel sources. The ratio of electricity delivered to each sector
is listed in Mtoes under the column "ELECTR" and divided by total electricity recorded in the
TFC row. This ratio is multiplied by total emissions from electricity and distributed accordingly.
For data reasons, no account has been taken of the use of fuels for base or peak load
applications. It is for this reason that electricity is not distributed on a fuel basis amongst the
end-use sectors.
International Marine Bunkers

The arrangement of the Energy Balances is such that the Total Primary Energy Requirement
excludes international marine bunkers. These represent the quantities delivered to sea-going ships
of all flags, including warships and fishing vessels. The consumption by ships engaged in
transport in inland and coastal waters is not included as they fall under the transport sector
element, inland water. The potential emissions that may be generated from this oil source is not,
therefore, assigned to an individual country as such. It is, however, represented as a total figure
indicating the amount of oil held in bunkers within each country and the emissions that these
would represent. The quantity of oil held hi international marine bunkers (in Mtoes) and the
carbon dioxide emissions from this fuel (in million tonnes of carbon) for all OECD regions and
member countries is listed in Table Five.

It is apparent that statistical analysis, such as this, has inherent inadequacies and varying degrees
of uncertainty. The problems involved in determining greenhouse gas emissions and the use of
emission factors are discussed in Chapter 3 and annexes B and E of the IEA/OECD Joint Study
and in other source material for this work, such as M.J. Grubb, "On Coefficients for
Determining Greenhouse Gas Emission Factors from Fossil Fuel Production and Consumption",
IEA/OECD, "Energy Technologies for Reducing Emissions of Greenhouse Gases", Paris, 1989,
page 537.3. For the purposes of policy analysis, however, the methodology is proving to be
extremely useful.
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0|
0)
0|
0|
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2.76)
2.3I|
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0.591
0.50|
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0.7b|
0.451 0.381 0.49)
0.41l
O.bBj 0 . 6
0.411 0
.
6
7
| 0.56)
0
.
2
6
| 0.22|
0.07| 0.06|
1.691 2.62|
2.I9|
4.76|
3
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9
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4.47)
1.901
2.4ÖJ
2.0BJ
2.79|
2,34|
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3.02)
l.73|
0.611
0.681
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0.75)
0|
0|
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0|
0)
0)
01
0.021
0
.
0
5
| 0.04|
0.06|
0
.
0
7
| O . OB
0.081
2.621
3.2I|
2.68|
&.50J
4.60J
6.961
3.9)1
6.971 5.64|
12.22)
10.24|
16.76)
14.03)
0|
0|
0|
0|
0|
0)
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8.68)
6.121 6.80|
11.12)
9.31)
9.73) 11.62
0.19)
0.24|
0.201
0.36)
0.26J
0.34)
0.29|
0.251 0.43)
O.36)
0.631
40)
0.57 O.48)
O.UO)
0.391
0.Î.
4
81 1
0.671
1.72)06) l.40|
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2.70)
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1.14|
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1
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2.271
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0.021
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0.47
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0.66
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1973.
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0|
0|
01
0|
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20.54)
17.201

I.I2|
0.94)

D|
0|
0.09|0.07|
2.161 5.35J4.4UJ
9.21)
7.7H

CARBON DIOXIDE EMISSIONS FOR THE WORLD

1988

COAL

OIL

GAS

TOTAL

USSR

346.6

307.3

337.0

991.0

E. Europe

309.3

83.3

50.8

443.3

China

530.3

89.0

7.7

627.0

Africa

89.4

70.2

15.9

175.4

L. America

22.6

183.9

43.1

249.5

193.9

157.3

27.0

378.2

3.3

113.0

47.8

164.2

1 027.1

1 255.2

464.0

2 746.2

Asia
M. East
OECD

TOTAL

1. Based upon total primary energy requirements.
2. Units: million tonnes of carbon.

5 774.8
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CARBON E M I S S I O N S FROM CRUDE OIL IN TflANSPPRT SEÇTpR

PHP-USE CONSUMPTION
COUNTRVt

OECD T O T A L

Unitsi
PRODUCT
FLOW
1988 . I N T L C I AV

19BB. DOMESAIR
1988. ROAD
1988. R A I L
1988. I N L W A T E R
1988 . TRNONSPE

1

1

|AVGASCAR
1

| MOTGASCB
1

1
0|
01
5.52|
0.001

0.01 |
01

1988 . TOTCARB
1983. I N T L C I AV
19B3. DOMESAIR
1983 .ROAD
1983. R A I L
1983 . INLWATER
1983 . TRNONSPE

5.53)
01
0|

1983. TOTCARB
1978. INTLCI AV
1978. DOMESAIR
1978 .ROAD
1978. R A I L
1978. INLWATER
1978 .TRNONSPE

5.311

| 1978. TOTCARB
1973. I N T L C I A V
1973. DOMESAIR
1973. ROAD

I

LPGCARB

5 . 30)
0.00)
0.01 |
0)

0)
0)
3.77)
0)
0.01)
0|
3.77)
0)
0)

3.09)

1973. R A I L

o.ooj

1973. INLWATER
1973. TRNONSPE
1973. TOTCARB

0.01 j
01
3. 10)

1
0.00)
1.37)
0)

01
0)
0)
1.37)

JETFUELC

0
0)
463.15

74.65
0)

0)
3.60)
0

1
GASDISCB j RESIDCAR
1

KEROCARB

21 .69
0)

M i l l i o n tonne« o f carbon

0

1
0|

0
o.ooi
0.02
163.84)
0.01 14.98)

oj

o.ooj

0)

0)

8. 19)
0.76)

1
TOTOILCB |
1

OTHCARB

0
0
0.08
0.53
4.84)
0.05)

1
0
21 .69)
0
76.021
0.02
632.631
0)
15.52J
0
16.531
0)
0.81J

0.02
763.21 1
0)
22.02)
0)
53.13)
0)
562.10)
0|
16.02)
0)
12.61)
0|
0.79)

466.64

1.37)
0)
0|
0)
01

96.34
22.01)
0|
61.76)
426.00)
0)
0)
0)
0.37
OJ
0)
0)

0.03
)
187.77)
0)
0)
0)
0)
0.03)
120.69)
0.01 |
14.66)
0.01 j
7.08)
0)
0.73)

5.60)
0)
0)
0.08)
0.34J
6.15)
0.05)

1.37)
0.01)
2.011
OJ
0)
0)
01

426.37)
73.77)
0)
21.89)
61.42)
0
457. 38J
0)
0)
0)
0.15)
0)
0)
0)

0.06143.
) 17)
0)
0|
0)
0)
0.02)
103.76)
10.37 j
0.01 j
0.01 |
B.85J
0|
1.05)

6.621
0)
0)
0.031
0.67|
7. 19|
0.13)

0)
0)
0
0)
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0
0)

655.67)
21.901
63.44)
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19.96)
16.211
1. 17 j
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OJ
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467.53)
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0)
3B5.59J
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0. 14J
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0.04
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)
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o|
0.02)
76.04)
0.04J
19. 16)
9.B3)
0.02J
0.27J
0)
O.OB)
106.29)

7.93)
0)
0|
0.04)
1.36)
8.46)
O.OOJ
9.95)

0
0)
0)
0)
0
OJ
0
0

677 .64)
14.48)
54.71)
474.781
20.56)
18.44)
0.36)
583.331

o.ooj

oj

73.32
14.44)
62.421
0)
OJ
OJ
0|
66.86)
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PRELIMINARY ASSESSMENT OF THE ENVIRONMENTAL AND
HEALTH IMPACTS OF NUCLEAR AND COAL FUEL CYCLES
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Beijing,
China
PAN ZIQIANG
Bureau of Safety, Protection
and Health,
Beijing,
China
Abstract

The paper reports on the environmental impacts and health effects of coal and nuclear
fuel cycles in China. Data of interest for China are presented in a comparative manner;
epidemiological investigations in Shanxi province indicate that the incidences of chronic
pulmonary diseases and infant congenital malformation were apparently increased over
the fall-out areas of coal-fired power stations and coal mines. The authors outline the
framework of a research project on environmental assessment of nuclear energy and
other energy systems. The main features of the project are: environmental and health
impacts of coal and nuclear fuel cycles, environmental impact assessment of coal
transportation, cost accounting of nuclear and other energy sources, health risk
assessment.

INTRODUCTION

Compartive studies on environmental impacts and health effects of
coal and nuclear fuel cycles have been carried out for many years
in China. The radiological quality assessment of nuclear industry
for the past 30 years has been completed with the annual average
collective
dose equivalent (AACDE) of 23 man.Sv and
the
normalized collective dose equivalent (NCDE) of 1.6 man.Sv/GWa
being obtained respectively . For coal fuel cycle, the NCDE
resulted from the radioactive airborne emissions of coal power
station was estimated of 50 man.Sv/GWa, and further derived the
corresponding AACDE of 2.8 x 10 (3) man.Sv for the whole country;
and the AACDE for stone-like coal (a kind of low grade coal),
from exploitation through to combustion and cinder utilization,
was estimated of 2 x 10 (4) man.Sv.
More then 70 % of the enegy supply come from coal electricity
and coal direct conbustion, which resulted in the China's
atmospheric pollution characteristic of coal smoke, It was
estimated that 22 million tons of sulfur dioxide was discharged
into the atoraosphere in 1987, and acid precipitations over some
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part of South China have caused forests decline, yield decrease
of farmland, and erosive damage of bridges, buildings, and other
varieties of facilities and commodities.
Epidemiological investigations in Shanxi province suggested that
the incidences of chronic obstructive pulmonary disease and
infant congenital malformation were apparently increased over the
fallout areas of coal-fired power stations and coal mines. The
greater number of excessive death among workers of a coal gas
plant in Shanghai city was also found to be related to the
serious pollution of carbonization particles.
In the end, the further reseach program for
studies is introduced briefly.

the

comparative

Coal is the traditional and most important energy source of
China. Its output reached 1.08 billion tons in 1990, accounting
to 70 % of the total enegy supply. Coal power plants have
produced 80 % of the total electricity generation, with the
remaining mainly from hydropower. The nuclear energy programs
have been implemented since 1980's, however, the first nuclear
power station will not come into operation until the end of this
year. The great amount of coal production and its relatively
backward combustion modes have brought serious environmental
problems,
which
have drawn more and more
attention
of
environmentalists and public. To aid the future enegy policy
making and protect the environment from pollution, many research
projects have been carried out to compare the two energy systems
with regards to their risk to human being. The preliminary
results that have been released will be summaried in the
following sections.
ENVIRONMENTAL IMPACTS OF NUCLEAR FUEL CYCLE

After having developed for more then 30 years, the China's
nuclear industry has become a complete industy system. From 1981,
a
long-tern research program was
initiated,
aimming
at
systematiclly
collecting the data on airborne and
liquid
effluences from various facilities of nuclear fuel cycle, the
data on environmental monitoring, and other related data to
population, meteorology, hydrology, ecology, etc., so that to
give a comprehensive environmental quality assessment of the
entire nuclear industry of China. This program was divided into
two phases. The task for the first phase was focused on the
health
and environmental impacts resulted from
discharged
radiological wastes and was basically completed in 1990. Only the
assessment on radwaste disposal and transportation of radioactive
materials, as part of the work in the phase one, was left over
until future. The main results obtained in the first phase were
summarized in several monographs(ref 1,2). There are
two
important data, the annual average collective dose equivalent
(AACDE) and the normalized collective dose equivalent (NCDE),
which
were
estimated of 23 raan.Sv
and . 1.6
man.Sv/GWa
respectively, as shown in Table 1.
The nonradioactive risk assessment of nuclear industry was
arranged to be carried out in the second phase and will be
finished in near future.
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Table 1.

Normalied collective doses to public near
coal and nuclear power stations

ref

B
coal power
coal power
coal power
nuclear power

40
54
2.38
1.6

100
80

9
10
11
1

90
98-99

80

Note: A. normalized collective dose man.Sv/GWa;
B. radius of collective dose assessment, km, with the
origin at the power station;
C. percentage collective efficiency of stack filter.

Table 2. Concentration of radionuclides in coal of China

concentration, Bq/kg
ref

samples

24 provinces
61 coal power stations
Yining, Xinjiang
-high bituminous coal
-bituminous coal
Zhejiang
-stone-like coal

563

98
9

U-238

Ra-226

Th-232

55
46

34

30
42.5

42.4
32.1

K-40
104
127

52.5
39.2

5
5

2506

3000
UNSCEAR 1988 Report

3
4

20

20

50

7

ENVIRONMENTAL IMPACT OF COAL FUEL CYCLE
CONCENTRATIONS OF NATURAL RADIONUCLIDES IN COAL

Systematical investigations concerning the concentration of
Jionuclides in coal was carried out in 1980's. Table 2 lists
e average concentrations of U, Th and K-40 in coal in China
vRef 3-6). The data reported by reference 3 were based on coal
samples from 2-1 provinces and autonomous regions (only in the
absence of data from Guangdong and Tibet), and so are considered
to be representative of the whole country. The data summed by
reference 4 come from 61 major coal fired power plants and so are
of similar representativeness.
The two sets of data
are
apparently close to each other and roughly two times as large as
that given by UNSCEAR 1988 Report (ref 7). The reason for this
may be contributed to the higher values of concentration of these
rdionuclides in soil in China (ref 8).

It should be particularly pointed out that a kind of low
grade coal in South China, stone-like coal, bears exceptionally
higher radionuclide of U-238, and is extensively used in some
areas (ref 6).
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ENVIRONMENTAL IMPACT OF COAL FIRED POWER PLANTS

As mentioned before, about 80 % of China's electricity were
produced through coal-fired power plants. As a measure of health
risk to public, the NCDE around coal power stations are listed in
Table 1. As can be seen from the Table, the dose rates given by
different authors range enormously from 2.38 to 54 man.Sv/GWa,
which
could reasonably be interpreted from the
different
colledting efficiencies of filters assumed (ref 9-11). Generally
speaking, the efficiency of filters for most existing coal-fired
power plants in China is around 90 %, so the representative value
of 50 man.Sv/GWa was suggested, which is of one order of
magnitude higher than the world average value of 4 man.Sv/GWa,
recommended by UNSCEAR 1988 Report. The reason for the high
value, in addition to the higher contents of radionuclides in
coal of China, is mainly due to the higher population density and
the lower efficiency of stack filters.
In 1990, the output of electricity from coal power plants
was about 56 GWa, and so the corresponding annual collective dose
equivalent due to airborne emissions was as high as 2.8 x 10 (3)
man.Sv.

IMPACT FROM RADIONUCLIDES IN COAL CINDER AND STONE-LIKE COAL

Another important source of the AACDE among the coal fuel
cycle is the coal cinder. As we discussed before in another paper
(ref
12), if 5 % of coal cinder of the country were used for
housing construction, the additional NCDE would be around 7.2
man.Sv/GWa. This value was estimated from the output of all large
coal mines of the dountry.
Stone-like coal is extensively exploited and used in some
provinces of South China. However, it gives very low combustion
value. As can be seen from Table 2, it also bears exceptionally
high radionuclide of U-238, concentration of which varies from
250 to 3000 Bq/kg. As a results, the additional collective dose
to the inhabitants living in houses built with stone-like coal
cinder brick was of about 276 man.Sv/a (ref 13,14), as listed in
Table 3. If the entire stone-like coal fuel cycle is taken into
consideration, including its explotation, combustion and cinders
(used as building materials), the total AACDE was estimated of 2
x 10 (4) raan.Sv, one order of magmitude higher than from coal
power plants (ref 6).

IMPACT OF SULPHUR DIOXSIDE RELEASED FROM COAL POWER
PLANTS AND OTHER COAL COMBUSTION MODES

As mentioned above, coal is the most important energy source
of China. According to the 1990 statistics of energy consumption
structure, coal consumption amounts to about 76 % of the total of
the country. Specially, the coal exploited in south part of China
almost all bears high sulphur. Consequently, sulphur dioxside
resulted
from coal combustion becomes the most
important
pollution source, which is the main reason of acid rain over many
190

Table 3. Additional collective doses due to utilization
of coal cinder and stone-like coal
. * . _ V » « ^ _ _ _ _ _ _ « _ « ——— «»««.«——— «

4__- ——— •
- ——— ——— »
•
•
•
•
• ^ ——— «M ^ ^ •- ——. ——— ——. V •
» *__ I« ——- •» «I ——— ——— ——— ^.——— ——— «..^——— -»^-——— ^——.^——— — — — — — — • " — — ——— -

source

collective dose,

ref

man.Sv/a

stone-like coal cinder
buildings

276

13

20.9

14

coal-cinder brick*
buildings
exploitation & use
of stone-like coal
_ _ _ _ _ * . — _» — — .— _ _ — _

2 x 10 (4)

6
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* the coal is the by-product of a gold mine in the western

part of Hunan province.
Table 4. PH values in some cities of China
PH value

city
Qindau

—— — ——— -- — - — — — —
average
minimum

year

ref

< 5.0

3.65

1981-1983

Chongqin

4.3

3.32

1982-1984

Guiyang
Wuhan

4.36
3.7
3.74

Guanzhou

4.95 3.42

Wuxi

4.21

1982-1984
1983

1986

Guiyang,

15,16
15,16
15

17

3.63 1988

cities of South China, such as Chongqin,
Wuxi, etc., see Table 4 (ref 15-18).

15

18

Guangzhou,

Statistics showed that sulphur dioxside
discharged to
atmosphere is increasing from year to year, reaching 22 million
tons in 1987, and about 27 x 10 (3) square kilometers farmland
suffered from the acid precipitation and lost
400
million
dollors per year (ref 19).
Acidification of forests has been found in some area. An
example is the mason-pine forest decline in Nasan region of
Chongqin city, which has been proved to be caused by the higher
concentraton of sulphur dioxside in the air and acid precipitaton
in that area (ref 20 ). Another example is the fir forest
suffering seriously over a large area of the Emei mountains (ref
16), famous for its scenic beauty and ancient Buddhistic temples,
where high content of sulfur dioxide in air may be traced to
Chengdu
city,
the capital of Sichuan
province,
through
medium/long range atmospheric transport.

Acid rain also does great damages to social property. There
was a typical investigation carried out in Chongqin city, where
maintenance cost only for the bridge over Jialingjiang river was
increased by 40,000 dollors each year; and due to the metal
erosion resulted from acid rain, other public facilities was also
found to be damaged more rapidly, and losing 100,000 dollors a
year therefrom (ref 19).
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RESULTS OF EPIDEMIOLOGICAL INVESTIGATION
Several Investigations will be introduced here to illustrate
the professional and public risk for the different steps of coal
fuel cycle. One investigation of this kind was carried out in
Yangquan district, Shanxi province, where ther are large coal
mines and large coal-fired power stations. The results suggest
that
there
exists an significant difference
of
chronic
obstructive pulmonary disease beween the downwind and upwind
directions of the power stations, and the lung-cancer mortality
in mining regions is somewhat higher than that in the urban area

and the suburb of Yangquan city (ref 21).
Another investigation reported in Shanxi province was the
Shentou coal power station, which is the exclusive pollution
source of this area, of capacity of 550 MW, and with coal
consuming of 2.26 million tons per year at present time. Within
the fallout area of the station, the incidence of infant
congenital malformation born from 1 June, 1981 to 31 May 1984
was found to be 4082 per o.l million, much higher than the value
of 1629 per 0.1 million for the control area {ref 22).
In 1990, a professional epidemilogical investigation was
reported to compare the mortality of workers who work in the
Shanghai
coal
gas
generation
plant
to
that
of
the
normal inhabitants of Shanghai city. The standardized mortality
ratios (SMR) study showed that the workers' excessive deaths of
lung cancer, liver cancer and stomach cancer were 118.48, 89.13
and 50.88 per o.l million. The high number of excessive deaths
among gas plant workers is related to the serious pollution of
carbonization particulates in the working area (ref 23).

Table 5. The comparision of standardized mortality ratio
(SMR) per o.l million between workers in gas plant
and normal inhabitants in Shanghai city
(cited from Reference 23)
causes of death
total
total cancer
lung cancer

liver cancer
stomach cancer

Several

other

normal
inhabitants

workers

633
152.64
32.38
21.68
33.10

investigations showed that

1147
487.90
150.68
110.81
83.98

inhabitants

who

directly, burn coal for cooking and/or heating sulfer respiratory
tract disease more frequently. Lung cancer mortality has been
found to have a close correlation with the domestic use of
(ref 24).
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FURTHER RESEARCH PROGRAM

The worsening shortage of energy source is one of the most
important factors that restrict the development of China's
national economy. Though coal are the main source at present time
for electrcity generation in China, nuclear energy would play an
imortant role in future. From the viewpoint of protecting
environment and public health, we have set up a project on the
comparative studies of coal and nuclear fuel cycles.
The
highlights of the project are as follows:

Environmental and Health Impacts of Coal and Nuclear
Cycles ;
Assessment on Energy and Environment;
Database for Studies on Energy and Environment.

Fuel

For detail, please to see the Appendix.

REFERENCES
(Noter All references are in Chinese except 7)

1. Pan Ziqiang et al.,
"Radiological Environmental Quality
Assessment
of the Nuclear Industry in China over the past
30 Years",
Beijing,1989.
2.
Collected
Works on Radiological environmental
Quality
Assessment of Nuclear Industry of China for the Past 30 Years",
edited by Pan Ziqiang et al., Published by Atomic Energy Press,
1989.
3. Liu Qiusheng et al., "Levels of Natural Radionuclides in the
Coal of China", FSNEE Proc. 1987.
4. Institute for Nuclear Energy Techniques', Qing^hua University,
"Radioactivity Levels in Coal and Ash of 61 Large Coal-fired
Power
Stations
and Consequent
Environmental
Radiation
Assessment", internal report.
5.
An Huimin et al., "Impacts of Coal Radioactivities on the
Atmospheric Environment",FSNEE Proc. 1987.
6. Zhang Weiming et al., "RAdioactive Effects on the Environment
following the Exploitation and Use of Stone-like coal in
Zhejiang Prov.", to be published.
7. UNSCEAR 1988 Report, "Sources, Effects, and Risks of Ionizing
Radiation",
8. NEPA of China, "Investigation on Natural Radioactivity Level
in Environment in China" (to published in Radiât. Prot.).
9. Fu Rongcu and Song Miaofa, "Environmental Impact Assessment of
Airborne Radioactive Effluents from a Coal-Fired Power Plant",
Radiât. Prot. 3 (1990) 199.
10. Li Ruxianh, Liu Xinhua et al., "Radiological Impact of
Airborne
Effluents from Coal-Fired Power Plant in China",
Radiât. Prot. 1 (1990) 30.
11. Fang Dong, "Radiation Effects of Gaseous Effluent from
Pressurized
Water and Nuclear Power Plants and Coal-Fired
Power Plants",
Proceedings of First Symposium of Nuclear
Energy and Environment
of China, 1987 (called "FSNEE Proc.
1987"
for short).
12. Pan Ziqiang et al., Radiât. Prot. 4 (1984) 241.
193

13.

Li Suyun, "Additional Annual Collective Effective Dose
Equivalent
for Population living in Buildings of Stonelike Coal Cinder
Materials", Radiât. Prot. 9(3)
(1989)
235.
14. Zhang Zengguo, Radiât. Prot. 6 (1988) 432.
15. Li Hongzhen, World Environment 4 (1988) 14.
16. Wang Dechun and Zhao Dianwu, World Environment 2 (1988) 8.
17. Quan Wenzhe and Lu Youqung, "Study on the Present Situation
of Acid Rain in Guangzhou area", Environ. seien. of China,
9(2) (1989) 123.
18.
Ji
Zhongfang,
Chen Songquan
et
al.,
"Preliminary
Investigation of acid rain and its damages in Wuxi city",
Wuxi Environmental Protection, vol.3-4, (1988) 32.
19. Guo Mengxiong et al., "A New way to Solve S02 Pollution in
China (part 1)", Environmental Protection, 3 (1989) 2.
20. Yu Shuwen et al., Environ.Science 3 (1988) 77.
21. Sun Jiangcheng et al., "Inhabitant Health Investigation in
Yangquan Coal-Mine Areas", internal materials.
22. Shanxi Medical College, "Relationship between Environmental
Pollution due to Shentou Coal Power Staton and Infant
Congenital Malformation", internal material.
23. Zhu Huigang, Zhao Qiyu and Zhou Guodong, "Environmental
Pollution and Cancers for a Gas Plants", Environ. seien, of
China, 10(4) (1990) 314.
24. Chen Bingheng, Zhou Guodong et al., Economic Development and
Environment (1988) 89.

194

APPENDIX
1.
1.1.
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1.1.3
1.1.4
1.1.5
1.1.6
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environmental impact (El) of coal power cycle
environmental impact assessment (EIA) of large coal power
stations
analyses of harmful substance in coal, coal cinder,
airborne and liquid effluence
analyses of natural radionuclides (mainly U, Th, Ra, K) in
coal and airborne effluence
analyses of natural radionuclides in coal cinder and liquid
effluence
determination of Po-210 and Pb-210 in airborne effluence
particle size spectra and content of radioactive effluence
collected by different stack filter-s
El of radioactive airborne effluence
El of other harmful airborne substance
El of radioactive and non-radioactive harmful substance in
liquid effluence
El of coal and cinder piles

1.2 • EIA of small and "special" coal power stations ("special"
here means higher concentraton of radionuclides in coal)
1.2.1 EIA of small coal power stations (same as large stations)
1.2.2 EIA of "special" coal power stations (including "special"
coal exploitation, electricity generation and coal cinder
utilization)
1.3

EIA of coal transportation

1.4
EIA of coal mines
1.4.1 radon daughters measurements and their dose assessments
1.4.2 EIA of coal and coal-stone rubbish as they are in selfburning
1.4.3 El of coal-stone rubbish
1.4.4 El of effluence discharged during coal exploitation
1.5
1.6
1.7
1.8
1.9
2.

epidemiological investigation around the large coal mines
and coal power stations
EIA of small boileres and stoves
EIA of domestic coal burning
investigation and assessment of carbon dioxide discharged and
its influence on greenhouse effect
investigation of acid rain and its influence
EIA of nuclear fuel cycle, which has been basically completed
except that the EIA of radioactive materials transportation
(in progress) and the EIA of "three wastes" disposal (remain
to be done)

3.
3.1
3.2
3.2.1
3.2.2

energy sources and environment
cost accounting of nuclear and other energy systems
comparative EIA of various energy systems
health risk assessment
other aspects of EIA (greenhouse, ecology, etc.)

4.

databases on nuclear enegy, other energy systems and
environment
databases of methodologies and parametrs on risk assessment
databases on energy sources and environment

4.1
4.2
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HUMAN HEALTH EFFECTS OF COAL ENERGY TECHNOLOGY

W. KREWITT, R. FRIEDRICH
Institut für Energiewirtschaft und
Rationelle Energie anwendung,
Stuttgart,
Germany
Abstract

The paper identifies and quantifies in a systematic approach the human health impacts
attributable to the production of electricity from coal in one region of Germany. Special
attention is given the development of a consistent methodology for the calculation of the
human health effects in view of creating a computer aided technique that will facilitate
a standardized risk calculation. It concludes that for the case in hand, underground coal
mining is the main source of occupational impacts but that public health risks are much
more uncertain and air pollution poses the largest potential risk. Models have to be
developed in order to produce more reliable quantification of human health effects
caused by air pollution.

INTRODUCTION
The objectives of the study are the identification and quantification of the human health
impacts attributable to the production of electricity from coal in the present German/Baden
Württemberg generating system.
Special emphasis was laid on the development of a consistent methodology for the
calculation of the human health effects, so that in the future it will be possible to create a
computer aided instrument that facilitate a standardized risk calculation independent of a
specific site or a specific technology.
A similar approach will be used in the future to estimate the environmental damages caused
by electricity generation from coal.

1. CATEGORIES OF HEALTH RISK ESTIMATES
Due to the different consequences of health impacts and the different social groups affected
it is reasonable to distinguish several classes of risks which are :
- occupational risks
- public risks
- risks from events with direct impacts,
- risks from events with medium-term impacts,
- risks from events with long-term impacts.
Late effects which occur within a lifetime are described as medium-term impacts. Long term
impacts like mutagenetic effects on future generations might constitute a certain degree of the
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total risks of an energy system. Regarding the coal energy system they are mostly assumed
to be negligible in the literature.

These different risks should not be added for the risk estimation. If they are kept separate,
the significance of each may then be determined in risk evaluation.
As a first approach, risk estimates are presented in the risk categories which were
traditionally used in former risk assessment studies :

- occupational fatalities caused by accidents (direct impacts)
- occupational fatalities caused by diseases (medium-term impacts)
- non fatal occupational disabilities caused by accidents and diseases which
are summarized in the figure "worker days lost" (direct impacts)
- non fatal occupational disabilities which occur after the worker is retired
(medium-term impacts)
-

public fatalities caused by accidents (direct impacts)
public fatalities caused by diseases (medium-term impacts)
non fatal public disabilities caused by accidents and diseases (direct impacts)
non fatal public disabilities caused by diseases (medium-term impacts).

For estimating the occupational risks this study uses statistical data from the German
Workmen's Compensation Insurance. The available data are classified according to the
German "Reichs Versicherungs Ordnung" that defines occupational accidents and diseases as
follows :
Each occupational accident that leads to inability to work of more than three days
has to be reported (reported accident). (The term "occupational accident" is not
exactly defined. According to current jurisdiction, an accident is a sudden, body
damaging external. Its sudden appearance is the main difference from occupational
diseases.)
Each occupational disease that leads to inability to work of more than three days has
to be reported (reported disease).
Permanent disabilities are classified as a certain percentage of "reduction in earning
capacity".

Occupational accidents and diseases that have to be compensated by a pension,
compensation or death benefit are compensated accidents / diseases. Accidents and
diseases have to be compensated if they cause a reduction in earning capacity of at
least 20 %.
On-road accidents are regarded as occupational accidents.

An occupational disease is regarded as cause of death if the disease is recognized as
the main cause of death or if the person had been compensated previously because of
a reduction in earning capacity of more than 50 %.

The figure of "worker days lost per accident or disease" is an average value formed by the
total of occupational accidents and diseases, and the number of lost working hours for one
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FIG. 1. Process steps of the coal energy system.

year. A "worker day lost" (WDL) is defined as the lost working time of 8 hours. WDL only
indicate the absence from the working place caused by an accident or a disease and do not
take into account the state of health of the affected person. Therefore, permanent disabilities
cannot be evaluated using WDL.
Therefore, it was necessary to find more appropriate risk indicators. A study carried out by
the German TÜV [Schaaf, 1986] defined an industry branch specific risk index based on the
figures "Years Of Life Lost" (YOLL) and "Years with Reduction in Earning Capacity"
(YREC). The years of lost life expectancy are the difference between the age of death and
the hypothetic life expectancy at the age of death. The reduction in earning capacity is
normalized to a reduction of 100 %. For example, four years with a reduction of 25 % are
assumed to be equal to one year with reduction of 100 %.
These indicators are regarded as helpful in the evaluation of mortality and permanent
disability. Figure 3 gives an example of how these indicators can be included into the
framework, using figures of the TÜV study, which is based on 1977 - 1981 statistics. To
represent today's conditions, the data have to be updated.
The different registration of occupational accident data in different countries is a severe
problem concerning the transferability of the methodology. Coherent data input instructions
have to be defined, so that the common framework can be used in any country.

Estimating public risks is a rather difficult problem. Statistical data concerning fatalities
caused by accidents and diseases are sometimes available, but the matter becomes
complicated if one is concerned with the calculation of public disabilities. Statistics give
information about the quantity of injuries, but they don't say anything about their severity,
which can vary considerably. For that reason many authors of risk assessment studies only
work with fatality figures. But with regard to the aim of calculating the external costs of the
coal energy system, public disabilities have to be quantified, keeping in mind that the
evaluation of these data should be done very carefully. The use of "Quality Adjusted Life
Years" (QALYs) as a public health indicator might be helpful in quantifying non fatal health
effects, but a reliable use of QALYs still requires scientific research as well as more detailed
statistical information concerning public accidents and diseases.
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FIG. 2. Occupational risks of coal mining.

There are more long-term, indirect risks stemming from environmental change like CO2
induced climate change. An accurate quantification of these impacts on human health is not
yet possible and not part of this study.

2. HEALTH RISKS OF COAL ENERGY TECHNOLOGY
In Baden-Württemberg, the gross electricity production for public supply was 48.6 TWh in
the year 1988. From that, 49.4 %. (24 TWh) were produced from nuclear energy and 34.7%
(16.9 TWh) from hard coal. Other energy sources like natural gas, fuel oil, hydraulic energy
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FIG. 3. Occupational risks of coal mining.

and refuse incineration are of secondary importance. As German utilities are obliged by law
("Jahrhundertvertrag") to use a certain amount of domestic coal, 96 % of the coal used in
Baden Württemberg power plants is produced in underground mines of the Saarland and
Ruhrgebiet coal fields. The effects of imported coal are neglected in the further calculations.

To quantify the health risks of coal energy technology the complete fuel system including the
different process steps mining, cleaning, transport, combustion and waste disposition has to
be examined. Additional risks resulting from power plant construction, material supply and
power plant dismantling have to be added (fig. 1). [Kallenbach/Thone, 1988];[Ferguson,
1981];[Morris, 1983].
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2.1 COALMINING

Occupational Risks

(fig. 2)

In producing risk estimates based on statistics, care must be taken in deciding how far back
data should be considered. If data on coal mining accidents are used which are ten or more
years old they will probably not be representative of modern conditions with improved safety
standards. However, if less than the last five years of data are used, the short time span may
allow results to be strongly influenced by short term fluctuations created by major incidents.
As five years are thought to be the maximum time-span in which figures still remain
representative of modern conditions, the input data used in this chapter are average values
taken from accident statistics of the years 1984 - 1988.
The figures of fatal and non fatal accidents can be taken from statistics (BG Bergbau)
without any problems, whereas the case of long-term impacts, especially fatal diseases, which
are mostly caused by coal-workers-pneumoconiosis, is a rather difficult one.

Pneumoconiosis which accounts for about 90% of all fatal cases of occupational disease, is
a lung disease caused by the inhalation of dust particles small enough to reach the lung
alveoli.
In order to obtain a risk estimate for coal extraction a risk estimate for pneumoconiosis must
be considered. This is not an easy task as pneumoconiosis is the result of a long-term
exposure to dust, so that figures about the number of new cases of the disease reflect dust
conditions several years ago. Generally, the more advanced cases of pneumoconiosis are, the
further back in time the conditions they represent. The period of time between dust exposure
and first compensation is about twenty years, and that between exposure and death about
forty years.
In the last thirty years a considerable decrease in pneumoconiosis mortality can be noticed.
In the opinion of some authors,no new cases of fatal pneumoconiosis will occur because of
higher safety standards (dust reduction) and medical provisions. But the German Coal-Mining
Association still expects a certain number of pneumoconiosis fatalities caused by present dust
exposure.

The decrease in pneumoconiosis mortality is not only a consequence of technical
improvements which have reduced the underground dust levels, but also of the decrease in
the number of miners. To forecast the number of expected fatalities caused by today's
underground conditions, the figures of pneumoconiosis fatalities since 1950 are referred to
the coal-output 40 years ago. These figures are shown in figure 4, where the x-axis indicates
the year of death. The expected fatalities in the year 2030 caused by current conditions are
estimated by using an exponential regression of the data after 1960. The high values between
the years 1984 and 1988 are caused by the very low coal output in the first years after the
second world war, and are not taken into account in the regression analysis.
Regarding non-fatal occupational diseases, direct and long-term impacts have to be separated.
There are some occupational diseases - like meniscus damage - which directly cause an
absence from the working place for a certain time. These direct impacts are summarized
together with the figure of non-fatal accidents as "Worker Days Lost". As mentioned above,
the figure of the "worker days lost" is an average value calculated from the total of
occupational accidents and diseases, and the number of lost working hours (fig. 5).

A certain number of non fatal diseases - mainly pneumoconiosis - are not noticed until the
worker is retired. The methodology used to estimate the expected number of these long-term
diseases is the same as explained above to estimate pneumoconiosis mortality.
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As an example, figure 3 shows the health risks of coal mining using the new indicators
11
Years of Life Lost" and "Years with a Reduction in Earning Capacity".

Public Risks
The public risks of coal mining are not taken into account. Although air pollution and solid
waste arising from coal mining might cause a contribution to the total risk, their impacts are
assumed to be negligible in a first approximation.

2.2 TRANSPORT
In contrast to renewable- and nuclear-energy systems, the volume of fuel to be transported
is rather extensive using fossil energy sources. Consequently, coal transport contributes a
high degree to the risks of the coal energy process.
Coal is transported by rail, water or road. Slurry pipelines are a new low risk transport
technology, not yet used in Germany.

Occupational Risks

(fig. 6)

In Germany about one third of coal is moved by rail. Because railroad transportation
statistics for accidental deaths and injuries do not distinguish between the several types of
freight carried, it is not possible to determine the effects of transporting coal by rail
[Stat.Bundesamt, 1989];[BV, 1989]. The simplest way to estimate this value is to assign a
proportionate share of all railroad deaths to coal transport

Regarding the occupational risks this apportionment should be on the basis of the total
weight of the material transported, because the majority of accidents are expected to occur
during loading, unloading and shunting.
The same consideration is valid for coal transport by ship. The share of the total risks caused
by coal transport is also calculated on the basis of the total weight of the material
transported.
Public Risks

(fig. 7)

Public risks attributable to coal transport by boat and by slurry-pipeline are negligible. Only
the two remaining branches of road- and rail-transport have to be considered.
Risks of rail transport involving persons other than the railway staff are mainly caused by
railway-crossing accidents. The number of accidents is not a function of the total weight of
the material transported, but of the train-kilometers travelled. Therefore, the share of the risk
caused by coal transport has to be estimated on the basis of the train-kilometers travelled.
Because these data are not yet available, the figure of ton-kilometers travelled is used in this
study to give an idea of the method.
Unfortunately, it is not possible to specify the degree of disability of a person affected by a
non fatal accident. Statistics only distinguish between slight and severe accidents, which is
a vague and not very helpful classification.
The method of calculating transport risks is independent of the freight and will appear again
in some other process steps of the coal energy system.
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2.3 POWER-PLANT OPERATION
Occupational Risks

(fig. 8)

Specific data concerning occupational accidents in a coal fired power-plant are not available
in German statistics. To give an idea of the magnitude of occupational risk a first estimation
is carried out on the basis of the number of employees in the public electricity supply of
Baden Württemberg.
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On the assumption that the assignment of all the employees either to the occupational group
"electrical engineering" or "management / services" is a reasonable one concerning
occupational accidents and diseases, the power plant operation risks can be estimated using
the accident statistics of the German Workmen's Compensation Insurance.
As not all of the employees work directly in the power plant, the results include risks
stemming from all public services of the utilities, for example the maintenance of distribution
facilities. For this reason, they have to be looked upon as an upper limit of the power plant
operation risks.
Because occupational statistics do not consider the type of power plant, the results are mean
values and not specific to a coal fired power plant.
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Public Risks

(fig. 9)

Public risks of the power-plant operation are mainly caused by the emission of a wide range
of air pollutants, including particulates, NOX, SO^ CO, organic matter, heavy metals and
radionuclides.
Although several investigations have been carried out to quantify health impacts of air
pollution there remain great uncertainties. Most studies are based on the analysis of the well
documented air-pollution episodes in London, New York and the German Ruhrgebiet in the
1950s and 1960s, using S02 and particulates as the main indicators. But according to new
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emission standards, dust, SO2 and NOX levels were drastically reduced in the last years, so
that health impacts caused by these pollutants are of less importance. Now ozone is assumed
to be the main causal agent for human health effects from air pollution in Germany.
To quantify health effects caused by air pollution without falling back on epidemiological
studies, a dispersion model and a human health model are needed to describe the physical
correlation between the emissions of the power plant and any health effects occurring in the
general public. The dispersion model gives the correlation between the power plant emissions
and an ambient air concentration. Without considering any air chemistry processes during
transportation, rather simple gaussian models can be used for modelling the transport
mechanisms. They require some basic meteorological data like wind speed, wind direction
and stability classes. Only complex eulerian or lagrange models are able to calculate the
formation of secondary pollutants like ozone. These models need extensive data input sets
and cannot be handled on a PC. As air chemistry processes are heavily time and site
208

dependent, it is not possible to work with annual mean values. A reasonable approach will
be the calculation of some typical weather episodes.
Health damage models try to assign possible health effects to the calculated ambient air
concentration. Several health-damage functions have been developed in the past, each
describing a dose response function between a certain pollutant and its specific impacts. None
of them is commonly accepted because all are assumptions rather than statistically proved
models, the remaining uncertainties being immense. There is considerable controversy over
whether long-term exposure to comparatively low concentrations of pollutants can cause
chronic effects or whether there is some threshold below which no effects occur.

2.4 WASTE DEPOSITION
During the power-plant operation a considerable amount of solid waste is produced, mainly
ash and waste material from flue-gas desulfurization. A certain part of these residual
materials is currently sold to be used in the construction industry. The remainder is used as
land fill for land restitution projects, or has to be deposited at a disposal site.
The environmental effects, principally the contamination of water supplies around sites used
for disposal, but also the impacts of contaminated construction material, are not yet
quantified. In the literature they are mostly assumed to be negligible. An effort to prove this
assumption should be made in the future.

Occupational I Public Risks

(fig. Will)

A certain risk is caused by waste transport, either to the disposal site or to the reutilizing
industry, which is normally done by heavy-goods-vehicles. Both occupational and public
risks of road-transport are dependent on the kilometers travelled, which are calculated using
the weight of the material transported, the transport distance, and the capacity of the truck.
The number of fatal and non-fatal accidents are taken from German traffic statistics [BV,
1989]. Risks stemming from the transportation of material for the operation of the flue gas
desulfurization plant are included in the results of this chapter.

2.5 POWER-PLANT CONSTRUCTION
Occupational Risks

(fig. 12)

The construction risks of a coal power station are estimated on the basis of investment
figures and of manpower, using available accident statistics [Bock-Werthmann, 1986].
The investment costs of the power station (year of reference : 1987) [Brügel, 1987] are
broken down into the main fields of construction, proportional to the direct effects on
different industry branches. The manpower related to these investment portions is then
calculated using the figure "turnover per person" which is published in the "German
Statistical Yearbook" [Stat.Bundesamt, 1989]. Accident statistics of the German Workmen's
Compensation Insurance (years of reference : 1986 -1989) [BAS, 1989] are used to evaluate
the expected construction risks - fatal and non fatal accidents and occupational diseases related to the man-power figures calculated above.
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FIG. 10. Occupational risks of waste disposal.

The total risk of the construction phase of the power-plant attributable to material supply and
construction activities has been related to the total expected output during the lifetime of the
power plant. The overall energy production can be expressed by using either the figures of
technical lifetime of the plant and the full-load hours per year, or by using the estimated
figure of full-load hours during the whole power plant lifetime. The latter one is appropriate
in the case of a coal fired power plant, because the load level on which it is operated changes
during the lifetime.
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13)

The public risks of power-plant construction are mainly caused by the transportation of the
required construction materials jThöne / Kallenbach, 1988]. They are calculated according to
the method explained above.
2.6 DISMANTLING
Occupational Risks (fig. 14)
Because there are no data available about the dismantling of a coal-fired power-plant,
decommissioning risks are estimated in the same manner as the construction risks were
calculated, that is to say on the basis of investment figures and manpower.
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The only industrial branch to consider is "construction". The costs of dismantling are
estimated to be 5% of the total investment costs, the other input data are the same as in the
case of power-plant construction.

Public Risks
To give a rough estimation of the public risk the same figures calculated for the power-plant
construction are used. In both cases the public is mainly affected by material transportation.
Assuming the transport of the same amount of material, the same means of transport and the
same transport distance as in the case of plant construction, the results give an idea of the

magnitude of the public dismantling risks.
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TABLE 1. OCCUPATIONAL RISKS OF COAL ENERGY TECHNOLOGY

fata) accidents
(direct impact)
deaths/TWh

fatal diseases

worker days
lost

disabilities

(medium-term impact)
deaths/TWh

(direct impact)
WDL/TWti

(medium -term impact)
dis./TWh

2524

0.83

coal mining

0.263

0.33

coal transport

0.022

-

127.6

-

power plant operation

(0.0023)

-

(17.1)

-

waste disposal

0.0022

-

1.56

-

-

-

-

71.3

-

-

material supply "*
powerplant construction

0.0044

-

powerplant decommissioning

0.0006

•

total

0.295

0.33

5.00

2746.6

•

0.83

*> The risks of material supply are included in the figures of the powerplant construction

TABLE 2. PUBLIC RISKS OF COAL ENERGY TECHNOLOGY
fatal accidents
and diseases
(direct impact)
deaths/TWh

coal mining
coal transport

power plant operation
waste disposal
material supply ^

non fatal
fatal diseases
(medium-term impact)

(direct impact)

deaths/TWh

disab/TWh

disabilities

non fatal
disabilities
(medium-term impact)
disab /TWh

-

-

-

-

0.0086

-

0.028

-

??

??

?7

0.0065

-

0.33

-

-

-

-

-

?-?

powerplant construction

0.00016

-

0.008

-

powerplant decommissioning

0.00016

•

0.008

-

total
The risks of material supply are included in the figures of the powerplant construction

3. CONCLUSION

The health-effects estimated in this study are those which can reasonably be attributed to the
direct operation of the coal fuel system.
Underground coal mining is the main source of the occupational impacts, these values are
calculated with a certain reliability (table 1).
Public health risks are much more uncertain. Air pollution poses the largest potential risk.
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The incremental risk is probably too small to expect it to be detectable in any reasonable
epidemiological study. However, air pollution is a low-level risk distributed over a large
population. On an individual risk basis, the effects might be sufficiently low, but the
cumulative effect on millions of people exposed to low risk levels is sufficient to justify strict
control measures.
To give a more reliable quantification of human health effects caused by. air pollution, rather
complex air-transport and air-chemistry models have to be applied together with human
health models. But at present, available dose-response relationships are very specific to
certain pollutants or diseases and are very controversial.
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LIFE CYCLE ANALYSIS FOR THE ASSESSMENT OF
ENVIRONMENTAL IMPACTS

B. WAHLSTRÖM
International Institute for Applied Systems Analysis,
Laxenburg
Abstract

The paper presents the structure of a model and a database devoted to the life-cycle
analysis of industrial products for the assessment of environmental impacts. The data
cover a large variety of industrial sectors; the whole life-cycle of the products has to be
considered when the environmental impacts are calculated. The author considers that
the data format could be standardized in view of exchanging data between different
studies and to enlarge the quality of the studies.

Introduction

The environmental impacts of products and production processes are receiving increasing
societal attention. Different methodologies have been developed intended for a
comparison of competing products with regard to their demands for raw-materials and
energy as well as their emissions to the environmental compartments of air, water and
soil. The experience from the methodologies points to need for well defined system
boundaries, accurate data and agreed interpretation of the results. Regardless of the
difficulties it is important to assess the impacts of a complete system, because erroneously
targeted actions can easily be counter-productive.
BASA has developed a methodology consisting of a model and a database for product
life-cycle analysis. The project was initially considering beverage packaging, but was later
redirected to emphasize methodological questions. Data for more than 1000 unit
processes is currently stored in the database. The data covers the following industrial
sectors: pulp and paper, iron and steel, aluminum, petrochemicals, inorganic chemicals,
plastics, glass, mining, energy conversion, transportation and waste-management.
The methodology

Life-cycle analysis implies that products, activities, or even entire economic sectors are
analyzed from an end-use perspective. The cumulative impacts of the product or activity
are quantified from the point onwards where materials and energies for this product/activity are extracted from the earth, up to either a certain point in the product's lifecycle, or in the most complete case, to the final disposal of the remaining wastes back
into the earth.
A life-cycle analysis is carried out by analyzing the product (or activity) for all production,
use or consumption, and final disposal steps that it undergoes. Each of these steps are
quantified backwards from the desired output by considering inputs into, and outputs
from all intermediate production processes. The cumulative amounts of all materials,
energies and pollutants in each step of the life-cycle can then be calculated.
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The methodology developed at HASA consists of a database combined with a materials
and energy flow model which allows the simulation of process chains of any given
economic activity. So-called unit processes constitute the basic elements of the
methodology. These unit processes are modeled as a set of coefficients, or rates,
describing the relationship between the flows going into, and coming out of, each unit
process. Entire process chains are modeled as an interconnected system of these unit
processes. Data are stored at the unit process level in the database and organized

according to inputs into, and outputs from, each unit process.
The unit processes can be defined on a high level of aggregation or rather disaggregated,
which gives a flexible approach for describing the economic activities modeled. Therefore,
the complexity and application can vary widely from highly aggregated systems that
represent, for example, national economies, to very detailed studies of comparisons of
individual factories.
The database

The software environment used is DBase IV, whose advantage is wide-spread availability
and relatively easy use. The database has been implemented with a hierarchical structure,
which allows an easy separation between base data and any further elaborations of the
base date made at any stage in the analysis.

Unit processes are the basic elements and provides thus the main entries into the
database. These unit processes can be defined rather flexibly, examples in the current
database range from aggregated processes such as "oil refining", which is actually comprised of a multitude of individual process steps, to "pickling", which is one process step
in the production of cold rolled steel. Each unit process belongs to a unique sector which
reflects either an economic sector or a logically-linked group of processes.

The data is stored with reference to the unit processes and is organized as inputs and
outputs from each process. These inputs and outputs constitute flows which are uniquely
identified through three attributes, unit process name, product name, and calculation
type. The calculation type defines the role of a product in a process, i.e. whether it is a
reference output, a non-reference output, a reference input, or a non-reference input.
The database can be conceived as a set of dependent tables which are related through
the unit processes. The tables, each of a different type are stored in files which are
related through the interconnections of the unit processes. The first set of tables is
process-dependent and include substitution tables and allocation tables. The next set of
files is product-dependent and include property tables, mixture tables, distribution tables.
The final set of tables is product- and process- (ie. flow-) dependent and include
input/output tables and transportation tables.
The use of the methodology
The methodology is intended to support systems analysis of the environmental impacts
of products and production processes. This gives the possibility to compare different
phases, of the production cycle, eg. basic materials, processing, fabrication, packaging and
shipping. It is also possible to compare competing products with respect to their direct
and indirect environmental impacts or to compare two alternative production processes

for the same product.
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The assessment can be performed at any level of aggregation, from a single factory to a
regional or national average. The results can be used for targeting improvements of the
production processes, for assessing the impact of new regulation or to support
international negotiations on environmental protection.
Results from exemplary calculations performed at IIASA indicates clearly the importance
of considering the whole life-cycle of a product. At the same time it is necessary to be
able to build "transparency" both into the models and the data used. Possible disagreements in the results have to be traceable back to the specific assumptions made.

Different scenarios of environmental policies can be calculated by creating alternative
sets of data for the unit processes. An increased support of recycling can for instance be
assumed to increase the recovery of waste material at each production step. Different
standards for emissions to air and water can in the same be assumed to influence the
emission coefficients and thus the overall impacts.
Conclusions

Experience with the methodology has clearly shown the importance of considering the
whole life-cycle of the products when the environmental impacts are calculated. Sample
results indicate for instance that the transportation sector often gives more than 50% of
the environmental impacts. Similarly the front end of the production often also is very
important
The collection and validation of the data for the unit processes is the most time
consuming task in any life-cycle analysis. The sources for such data include similar studies
on other products, statistics from national and international organizations, interviews at
different production facilities, etc. The data available in the open literature is useful when
underlying assumptions have been documented well enough.
There is a need for agreeing on the methodologies for carrying out life-cycle analyses. If
the data formats and the assumptions could be standardized it would be relatively easy
to exchange data between different studies and thereby to enlarge the possibilities and
to improve the quality of the studies.
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ENVIRONMENTAL MANUAL FOR POWER DEVELOPMENT

G. SCHÖRNER, R. SCHÖNSTEIN
Forschungsinstitut für Energie

und Umweltplanung,
Vienna,

Austria
Abstract

The overall objective and technical details of an environmental manual for power
development under preparation of the World Bank are introduced. The proposed
Manual is intended for use by project planners, consultants, and policy decision makers
in developing countries.

1. Background

As You know very o f t e n the power sector is a m a j o r c o n t r i b u t o r to
environmental d e g r a d a t i o n a n d p o l l u t i o n . T h i s i s s o m e t i m e s a l s o
true i n c o u n t r i e s o r p r o j e c t s w h e r e i n s t i t u t i o n a l w e a k n e s s e s ,
shortage of trained s t a f f , management f a i l u r e s and plain lack of
knowledge are major factors that prevent the systematic assessment and e f f e c t i v e treatment of environmental consequences.

There is a p a r a m o u n t need for a c o m m o n and m u t u a l l y a g r e e d
approach for a s y s t e m a t i c appraisal of environmental consequences
of power development. To be u s e f u l and e f f e c t i v e such an approach
should be updated regularly and revised as necessary.
2. Overall objective

The proposed Environmental Manual for Power Development is intended to provide an easy-to-use guide for assessing the environmental consequences of power system components and to make such
assessment an integral part of system planning, project appraisal
and monitoring. In particular, the Manual will:
* provide decision makers with input/output data relevant to the
analysis of environmental consequences of power system components ;
* Assist in identifying environmentally sensitive issues;
* trace the scope for mitigatory measures and indicate the costs
or trade-offs they incur; and
* signal the need for additional or specific expertise in quantifying and/or evaluating both the invironmental impacts of power
system components and the potential for ameliorating strategies.

The Manual is not intended to set standards or validate ultimate
environmental norms or judgements. Rather, its prime task is to
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disclose the range of environmental impacts involved in the
choice among different power supply options. It is intended to
serve as an analytical and training tool that reveals the data
needed to assess environmental consequences of power system components on the basis of economic, political or other criteria

considered relevant.
3. Target groups

The proposed Manual is intended for use by project planners,
consultants, aid agency officers and policy decision makers in
developing country institutions, donor agencies and multilateral
institutions.
4. Scope of the work

The areas to be covered by the Manual will include the following
subsectors:
* oil, gas and coal thermal power generation, with a view towards
atmospheric pollution (S02, N02, CO, C02 unburnt hydrocarbons,

particulates and trace metals etc.), thermal and water pollution and ash disposal problems;
* fossil fuel extraction and handling, with a view towards sediment and dust pollution as well as effluent/waste disposal;

* hydropower, with impact areas subdivided into dam/watershed
upstream effects (e.g. inundation of river basins, etc., loss
of habitat for flora/fauna, water quality, health parameters,

social and economic disruptions through resettlement, etc.),
and downstream effects (like reduced transport of silt and
organic material, intrusion of salt water in the river mouth,

etc. ) ;
* geothermal, with emphasis on effluent disposal;
* diesel power, considering noise, air pollution, and waste oil
disposal ;
* municipal waste and biomass power generation systems;

* renewable energy sources;
*

power transmission and distribution.

The Manual will not cover nuclear power projects.
For each sub-sector, the Manual should permit the examination of
environmentally crucial cause-and-effect relationships and their

responsiveness to parameter changes. The analysis should cover
the whole project cycle relevant to environmental considerations,
inluding decision variables and parameters.
The functions the Manual should be able to perform include:
* data checking and identification of information gaps;
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* calculation and identification of information gaps;
* calculation/measurement of environmental effects (e.g.
sions, heat rates, land requirements);

emis-

* a summary of standards currently applied;
* assessment of the relative severity and potential magnitude of
environmental impacts;
* outlining of mitigatory strategies;
* cost reporting;
* sensitivity analysis.
Consideration w i l l b e g i v e n t o t h e d e v e l o p m e n t o f m o d u l a r
software packages suitable for use on ( l a p - t o p ) microcomputers.

5. Design and execution of the project

The project will proceed in phases, in the moment we are working
in phase one.
Scope of Work for Phase 1^
Phase one includes the following steps:
The project people work under the guidance of the Project coordinator to
* survey existing informations such as the literature, data
bases, and computer programmes,
* critically review information relevant to the objective of the
Manual, select appropriate material for the preparation of the
Manual,
* prepare an executive summary to provide recommendations for the
design and production of the Manual. Also recommendations for
potential computerization of the Manual will be provided.

6. The project team

The project is a collaborative venture involving multilateral and
bilateral aid agencies coordinated by the World Bank.
As project coordinator World Bank took Mr. Schönstein and Mr.
Schorner under contract, who are the institute managers of
Austrian Environmental Expert Group, which works since 15 years
in the field of environmental impact assessment, also particularly for power plant projects.
The work is supported by four governmental agencies which are
participating very active in the project.
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GTZ
Overseas Development
USAID
Swiss Federal Office for
Policy Service

Agency, Germany
(UK PDA)
(US Agency International Development)
Foreign Economic Affairs, Development

These agencies took a number of international consultants under
contract to cover different parts of the study. A number of
scientific meetings have been held during the preparation time.
It is expected that the draft reports of the four agencies will
be finished in November this year. Afterwards a final report
including the four partial reports will be prepared by the coordinators.
Phase two including the topics - mentioned in the Scope of Work will start by February 1991.
It will also contain the recommendations and findings of phase
one.
7. Outlook

This Manual is not a data base. It should evaluate projects in
future by a mixed system of environmental, technological, economical experts supported by some different tools like a computer
program, data base, handbook etc.

After finishing the Manual we all expect and hope to give the
users in the World an easy-to-use tool supported by lap-top computers which helps the countries, the national and international
agencies, the consultants and the financing institutions to
evaluate all type of future power plant projects for a better
world worth living on.
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