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1 . Introduction

1. 1. Background

The assessment of environmental and health impact information may contribute to: (1)
more informed decision-making by the integration of environmental effects of energy
choices, 2) influencing envirom-nental policies, for instance the choice of regulatory limits
for environmental emissions, and 3 moving towards sustainable development, including
inter-generational equity. In this regard, the field of comparative risk assessment, as applied
in the energy sector, has improved considerably in the last twenty years, however several
difficult issues still remain. One such issue is the assessment and integration of impacts that
may occur in the far future - impacts beyond the time horizon of market based decisions.

1.2. Rationale for Comparative Risk Assessment for Distant Future

In earlier work on comparative risk assessment, the impacts that could occur in future
generations have not always been addressed. This was largely due to lack of methodologies
that could be used to make a reasonable estimation. But as public concern for the protection
of fature generations and sustainability of our environment increased, it became clear that
possible far future impacts should be considered.

Initially work in the field of radiological dose assessment provided risk factors for
severe hereditary effects from current radiological exposures and models to estimate future
exposures to long-lived radionuclides released to the environment. The planning and design
of nuclear waste repositories drove the work on modeling the possible releases from and
failures of this type of facility in the far future. More recently, especially during the last
decade, there has been extensive work on the possible global warming impacts that could
occur as a result of fossil fuel combustion.

Even with current advances in our assessment methodologies, often one must make
decisions with limited information. A specific difficulty in assessing far future impacts is the
relatively large uncertainty of the estimates in comparison to the nearer term impacts. This is
due to the limits of knowledge of envirorunental/biological mechanisms and the state of
society in the long term. Many assumptions must be made in carrying out such assessments.

1.3. Objectives

The purpose of this document is to present the current state of thinking on the
assessment of health and environmental impacts in the far-future, by addressing the following
two questions:

i) What are the major impacts imposed on future generations?
ii) How Should One Value/Weight these impacts?

This document focuses on the issues that need to be resolved in order to consider the
health and environmental impacts imposed on future generations by electricity generation
systems. Pertinent data and examples are included. This document targets readers who are
involved in risk assessment activities needed to inform decision makers.
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It is hoped that this document will help encourage a more evenhanded approach to the
assessment of all risks from all energy sources. We would not be making the best choices for
the protection of future generations if we were to narrowly focus on a particular problem that
may have attracted media attention e.g. wastes from nuclear power) while neglecting other
problems (e.g. toxic metals and radionuclides from the production and use of fossil fuels) that
may turn out to have more severe impacts.

1.4. Scope

This document addresses the following impacts:

• impacts from the disposal of wastes that will remain toxic for a long period of time
• long-lived globally dispersed chemicals and radionuclides;
• global warming;

as well as long term impacts related to

• land use,
• resource depletion, and
• nuclear accidents.

Nuclear proliferation could also have consequences for the far future, but it is beyond
the scope of this document and is not addressed here; instead reference should be made to the
activities of the IAEA in this domain. 27]. Persisting health impacts (including cancers)
from air pollution of fossil fuel power plants are not addressed in this document because
current thinking is that they affect mainly the current, and not future, generation.

The assessment of these impacts is discussed in Sect. 3 Sect. 4 addresses the question
of how to value these impacts. Both monetary and non-monetary valuation methods are
discussed, and the need for the evaluation of scenarios is highlighted.

2. Time Scales

It is appropriate to define several time scales. First of all, this document interprets far
future impacts in the sense of impacts imposed on future generations who cannot participate
in the decisions about energy systems. While there is no sharp delimitation between the
generation that makes a decision and the generations that do not, the time separation is on the
order of 50 years; therefore this document interprets far future impacts in the sense of impacts
beyond about 50 years.

One of the most important long term impacts, global warming, extends over a period
of centuries. Others, especially the impacts of certain radionuclides, can extend over

I There are numerous studies that have been conducted on the health and environmental effects from
waste disposal. The issues described in this report can, and should be, used in conjunction with the waste safety
analysis described in an AEA report [].
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thousands or millions of years. Since the uncertainty of assessments increases greatly the
further it extends into the future, it is recommended to report the results separately for
different time periods. A natural horizon for the near far future is set by global warming. Even
though the time scale is not sharply defined, a cutoff of 100 or 200 years would be suitable.
For the more distant future the INWAC Subgroup on Principles and Criteria for Radioactive
Waste Disposal recommends divisions at I 000 years and I 00000 years (IAEA 1994a I

3. What are the major impacts imposed on future generations?

3. 1. Wastes

3.1.1. Management of Wastes: Retrievable versus Non-Retrievable Issues

Some radionuclides have long half lives and, likewise, some agents in non-nuclear
waste have long half-lives (persistent organics) or do not decay at all (e.g., toxic metals).
Thus, far future impacts are a concern in respect of management of many wastes. The
potential impacts and costs hinge on some key issues of waste management:

• choice of repository site and technologies (e.g. landfill, engineered near-surface facility or
geological repositories),

• management of repositories (monitored or non-monitored, retrievable or non-retrievable).

Since the impacts that might occur depend on the future management of the waste,
they cannot be estimated without first assuming a scenario for such management. In most past
studies on comparative risk assessments, the non-retrievable (or permanent disposal) option
has usually been chosen for chemically hazardous and radioactive waste, respectively. This is
not expected to change. For example, most plans for the ultimate disposal of high-level
nuclear wastes envision a permanent geologic repository.

If sufficient isolation relative to the time frame of the potential hazard associated with
the waste can be reasonably assured, permanent disposal without the intention of retrieval is
desirable for all waste. Such an approach is desirable, because after a specified period of time,
no burden is placed on future generations to maintain the disposal site. The difficulty results
from the long times frames over which persistent organics, toxic metals and long-lived
radionuclides may pose a hazard. In any type of facility, these substances cannot be
completely isolated from the environment forever. Thus, there is a need to limit the releases
from the waste to levels that do not result in unacceptable hazards to human health and the
envirorunent. Furthermore, the possibility of release of radionuclides, toxic metals or other
waste due to inadvertent human intrusion may need to be considered.

The non-retrievable disposal approach imposes potential far future impacts for many
types of waste, not just nuclear waste. Nevertheless, even though a variety of calculations
have reached the conclusion that the future damages resulting from releases from high-level
radioactive waste repositories would not be significant relative to the type of risks people are
wiilling to live with every day, the very possibility of such releases has evoked intense fears
on the part of the public and remains one of the key arguments for the opposition to nuclear
power.
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In view of the potential for far future impacts, one alternative that has been considered
for a number of wastes is retrievable storage, thereby giving future generations the option of
improving the management of the wastes. This recognizes the fact that future generations will
likely have better technologies to address the waste disposal problem (for example,
transmutation of radioactive wastes could conceivably become practical).

Retrievable storage can be implemented in a manner that imposes near zero risk, if the
facilities storing the solid (or solidified) waste are adequately monitored to ensure that there
are no leaks into the environment. However, it should be noted that this implies monitoring
into the far future for many wastes which places a substantial burden on future generations.
Also, there is always the potential that, if the waste repository was not implemented in a
responsible manner, the problem may be worse than with the non-retrievable approach.
Furthermore, there are different degrees of retrievability. For example, one may not be able to
achieve perfect retrievability or the risks associated with retrieving a waste may be more
substantial than the potential risk associated with leaving it in place.

3.1.2. Wastes from Nuclear Power Generation

Wastes or unwanted byproducts arise at various stages in the nuclear fuel cycle, but in
the main these can be characterized as upstream (pre-operations), production, and
downstream wastes. For many fuel cycles, mining and milling can be large sources of waste,
and this is equally true for wastes from the nuclear cycle.

Upstream wastes may arise through mining and milling operations, particularly
relating to uranium extraction. The radon releases from such operations can be significant,
although the severity of their impact over long time periods is not well understood. Radium-
226 concentration in overburden arising from uranium mining in the USA ranges from 100 to
20,000 Bq/kg (SC&A and Rogers, 1993 [8]). Uranium tailings will have higher
concentrations based on the quality of the ore. In total it is estimated that around 10,000 to
20,000 m 3/GW(e)-a of waste will be produced in upstream wastes (this number varies
significantly with the quality of the ore). (IAEA 1994 9 In some cases, tailings are not
produced (e.g., in-situ extraction methods), but other impacts are possible. In general, impacts
from mining and milling include direct exposure of humans, atmospheric releases, and
contamination of ground water.

Production wastes include those with low level activity (e.g. overalls, gloves) and those with
higher activity (e.g. spent fuel). It is estimated that around 350 m 3/GW(e - a of waste is
produced by a PWR reactor. (IAEA 1994b 9]) This number differs in different countries and
for different reactors in the same country. It should be noted that there are continuing efforts
to reduce the volume of wastes in several countries, and this suggests that average volumes
will be reduced in the future. The impacts from different types of such waste will clearly
differ. However, in general, their disposal poses two main scenarios for possible far future
impacts:

i) gradual leakage after degradation of engineered barriers;
ii) breach of a repository due to human intrusion.
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In both cases, the impact on ground water would be localized with any atmospheric
release likely to result in more widespread problems. The implications for the far future are
not well understood, and reflect current level of knowledge of the risks of releases and
associated severity of impacts.

Equally, the downstream wastes include that produced through the decommissioning
of sites. Experience of Chernobyl, and the current decommissioning in the UK has shown that
significant levels of waste may be produced. Estimates suggest that around 500 in 3/GW(e a
of waste is produced post-operation from a PWR reactor (IAEA 1994 9 Some of this
waste has activity around 2 x 104 Tbq/m 3(IAEA 1994b 9]). The potential risks and severity
of environmental damage associated with re-processing and de-commissioning are poorly
understood. and reflect current knowledge of such operations.

3.1.3. Non-Nuclear Wastes

Far future impacts from non-nuclear wastes have not been quantified in most past
comparative risk assessment studies. In general, this has been for two reasons : (1) they were
not usually considered a pathway for major impacts to human health, and 2) not enough is
known about the environmental mobility of the material from a disposal site, the
environmental half-life of the materials, and the dose-response functions. However, while the
latter still holds, the first may not: the impacts on future generations may be comparable to
those from long-lived globally-dispersed radionuclides, and comparative assessments should
be performed in a strictly comparable manner for both.

Some example sources of this type of wastes from the production of energy would be
the heavy metal wastes from the mining and processing of coal, naturally occurring
radioactive materials from oil and gas production, and some chemical waste from the
production of photovoltaic materials. This situation is similar to the far future impacts from
radioactive waste disposal. For completeness, these pathways should be considered as well.

3.1.3.1. Fossil Fuel Cycles

Mining and milling particularly in relation to coal and lignite extraction create
upstream waste problems. The washing of coal for example, releases significant quantities of
metals such as Ni and Cd into rivers. In the absence of appropriate treatment, such quantities
can cause long-term damage to aquatic ecosystems, and to populations reliant on the water for
potable supply. Cr concentrations in a variety of mine tailings are estimated to range from 70
to 7000 mg/kg. (Ritcey 1989, [101) The bio-availability of toxic metals such as Cr (VI) will
clearly dictate their level of environmental impact. Many metals become mobilized due to
44 acid mine drainage".

Heavy metals are also found in fly and bottom ash, and as atmospheric emissions. Cr
concentrations ranges from I to 250 mg/kg have been reported in coal ash. (Tillman 1994,
Smith 1987 [11, 12]) The disposal of such waste to controlled landfill will clearly reduce any
environmental impact. However, as is the case with nuclear waste, human intrusions and
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gradual leakage may result in long-term ground water contamination or exposures through
other pathways.

Piping, valves and pumps for oil and gas production have considerable potential to
accumulate radionuclides in scales and sludges that form. Indeed, radionuclide concentrations
ranging from background to 15000 B/g of scale have been reported. (SC&A and Rogers 
Associates Engineering Corp. 1993, van Weers 1997, E&P Forum 1987 [8, 13, 14]) These
scales and sludges must be managed appropriately, as with any radioactive waste, to limit the
potential for unacceptable levels of human exposure. Typical management approaches for
these wastes include: deep well injection; dilution and landspreading or ocean discharge;
landfill and disposal in a radioactive waste disposal facility. Unlike other radioactive waste,
the potential health effects associated with a selected management practice are often not
assessed.

3.1.3.2. Renewable Energy Cycle

Some wastes are produced through so-called renewable energy systems; in particular,
significant aounts of waste may be associated with extraction and processing to provide raw
materials (e.g., concrete, steel, aluminum, etc.) for dams, wind machines, solar panels, etc.
Furthermore, the initial borehole drilling for geothermal plants generates radium and other
drilling wastes, and in subsequent operations, metals and radionuclides are released in the
returned water and process sludge which have to be reinjected or disposed of. The
manufacture of certain types of photovoltaics can also result in highly toxic waste being
produced, depending on the manufacturing process and the emission controls. Toxic metals
such as cadmium, arsenic and zinc can be present in these wastes. Metals are a concern
because they are persistent in the environinent and may be taken up in the food chain.

3.2. Long-lived globally dispersed releases

3.2. 1. Global Warming due to fossil fuels

Global warming is currently viewed as potentially one of the most important
environmental impacts arising from the greenhouse gas C02 produced by the combustion of
fossil fuels. An additional energy related greenhouse gas is methane (CH4) that is released
during mining of coal, from leaks of natural gas systems; methane amy also be released due
to flooding and anaerobic fermentation after construction of hydroelectric projects. Even if
the released quantities of CH4 are small (leakage rates below 1% in modem natural gas
systems), their impact can be significant because the global warming potential of CH4 is 20 to
50 times larger than that Of C02-

There is substantial agreement that atmospheric concentrations of greenhouse gases
have significantly increased relative to pre-industrial levels. Although our ability to quantify
the human influence on global climate is currently limited because of the natural variability
and the level of uncertainty in the data, the Inter-Governmental. Panel on Climate Change
(IPCC 1995a 15]) report that "the balance of evidence suggests that there is a discernible
human influence on global climate". The impacts of climate change are diverse and
potentially very large. They include effects on all of the receptors affected by other forms of
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pollution. In general, however, the impacts are more uncertain and longer term, and therefore
quantiification more difficult.

Global warming at unprecedented rates has serious implications for natural
ecosystems. In particular, at the projected rates of warming, climatically defined vegetation
zones would move at speeds faster than forests can naturally migrate. In addition, montane,
island and other physically isolated ecosystems may be uable to migrate. Coastal wetlands
are also at risk from inundation as sea levels rise. It is assumed that coastal protection
measures will give priority to heavily populated areas, and therefore that many wetland
ecosystems will be lost with consequent effects on local fisheries. The impacts on biodiversity
within the affected ecosystems will be significant.

Identification of human activities which are most likely to be directly affected by
climate change is not difficult. Primary production (agriculture and forestry) is obviously
climate sensitive, as are the demand for energy, and the supply of water. These are the sectors
in which the largest economic impacts are expected, along with coastal protection against sea
level rise. In addition, a wide range of higher order effects may occur. For example, changes
in agriculture may lead to famine, population migration may lead to wars, and the increase in
regions with tropical climatic conditions may lead to an increase in tropical diseases.
Conversely, in some regions global warming may be beneficial and increase the productivity
of the land. This can happen not just because of new, formerly sub-productive areas providing
greater yields but possibly in all areas of agricultural production because of the stimulatory
effects on yield of increased levels of carbon dioxide in the atmosphere.

Estimation of the impacts of global warming is rendered difficult by poor
understanding of the regional variation in climatic change and the large uncertainties in many
of the parameters.

The valuation of global warming impacts is problematic for three reasons in
particular:
I The incompleteness of detailed impacts studies;
2. The large uncertainties in estimates of impacts;
3. The likelihood of significant interactions between different impact categories

which are usually considered separately (e.g. agriculture and water resources).

One uncertainty of the analysis concerns the scenario of world development over the
hundreds of years in which impacts of current emissions are expected. The capacity of society
to deal with the changes resulting from climate change, and therefore the magnitude of the
associated costs, will depend critically not just on the rate of climate change but also upon the
levels of social and economic development. A range of scenarios have been developed by the
IPCC (see Section 44).

A number of estimates for the damage costs associated with a doubling of the pre-
industrial C2-equivalent concentration of all greenhouse gases are now available in the
literature and have recently been summarized by the IPCC (1995b 16]). The results from 
studies estimating the annual damage cost to the US economy are presented in Table .

7



Table 1. Monetized 2xCO2 damage to present US economy (base year 1990; billion of annual damage).
(Source IPCC, 1995b 16])

Cline Fankhauser Nordhaus Titus Tol
Damage Category (2.5'C) (2.5-C) (3'C), (4'Q (2.5'C)b

Agriculture 17.5 8.4 1.1 1.2 10.0
Forest loss 3.3 0.7 small 43.6 -
Species loss 4.0 e 8.4 1 - 5.0
Sea level rise 7.0 9.0 12.2 5.7 8.5
Electricity 11.2 7.9 1.1 5.6 -
Non-clec. heating -1.3 - - -
Human amenity + b - 12.0

Human morbidity + cl - - -
Human life 5.8 11.4 9.4 37.4

Migration 0.5 0.6 - 1.0

Hurricanes 0.8 0.2 - 0.3

Construction ±dI -

Leisure activities 1.7 -

Water supply
Availability 7.0 15.6 1 11.4 -
Pollution - - 32.6 -

Urban infrastructure 0.1 - - -

Air pollution
Trop. 0 3 3.5 7.3 1 27.2 -
Other +er -

Mobile air cond. - - 2.5 -

Total 61.1 69.5 55.5 139.2 74.2

+a+b+c±d+e
(% of GDP) (I. ) (1.3) (1.0) (2.5) (1.5)b

,"Transformed to 1990 base.
bU.S. and Canada, base year 1988.
'Costs that have been identified but not estimated.
dNot assessed categories, estimated at 0.75% of GDP.
Now Figures represent best guesses of the respective authors. Although none of the studies reports
explicit confidence intervals, figures should be seen as reflecting orders of magnitude only.
Sources: Cline (1992a), Fankhauser 1995), Nordhaus (I 991), Titus 1992), To ( 995).

These studies show damage costs ranging from 12.5% GDP, however the apparent

convergence needs to be treated with caution as it is clear that there is significant

commonality of assumptions between the studies. Estimates for other OECD countries are

mostly of the same order of magnitude whilst those for non-OECD countries are reported to

be higher due to higher health impacts and the high proportion of natural habitats and

wetlands found in these countries. Wide variations are seen between the estimates for

individual damage categories reflecting differences both in the nature of the impacts

considered and the methodologies used in the assessment. Likewise large variations are seen
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depending on the assumptions concerning the scenario, level of climate change, discount rate
(see the example in Table 3 and the treatment of equity.

Alternatively the damages arising from climate change can be presented in physical terms
using a set of damage indicators. Table 2 presents the 2xCO2 damage recently calculated by
Fankhauser 1995 17]).

Table 2 2xCO2 damage in physical units: different world regions (2.5'C warming).
(Source: IPCC 1995 16]).

Type of Ex- Non-
Damage Damage Indicator EU USA USSR China OECD OECD World

Agriculture Welfare loss % GNP) 0.21 0.16 0.24 2.10 0.28 0.17 0.23
Forestry Forest area lost (km2) 52 282 908 121 334 901 1,235
Fishery Reduced catch (1,000 t) 558 452 814 464 4,326 2,503 6,829
Energy Rise in electricity demand

(TWh) 54.2 92.0 54.6 17.1 142.7 211.2 353.9
Water Reduced water availability (km3) 15.3 32.7 24.7 32.2 168.5 62.2 230.7
Coastal

protection Annual capital costs m$/yr) 133 176 5 1 24 514 493 1,007
Dryland loss Area lost (1,000 km') 1.6 10.7 23.9 0 99.5 40.4 139.9
Wetland loss Area lost 1,000 kM2) 9.9 11.1 9.8 11.9 219.1 33.9 253.0
Ecosystem loss Number of protected habitats lost,

assuming 2 loss (Section 32.12) 16 8 N/A 4 53 53 106

Health/mortality Number of deaths (1,000) 8.8 6.6 7.7 29.4 114.8 22.9 137.7

Air pollution Equivalent increase in emissions
Trop. 03 (1,000 t NO.) 566 1,073 1,584 227 2,602 1,943 4,545
so, (1,000 t sulphur) 285 422 1,100 258 1,864 873 2,737

Migration Additional immigrants (1,000) 229 100 153 583 2,279 455 2,734

Hurricanes
Casualties Number of deaths 0 72 44 779 7,687 3 13 8,000
Damages M$ 0 115 1 1 3 124 506 630

Source: after Fankhauser ( 1 995).

During the past years there has been a rapid growth in the development of integrated
assessment models for the estimation of climate change impacts. These models attempt to
incorporate the full range of climate issues, namely human activities, atmospheric
composition, climate, sea level and ecosystems as illustrated in Fig. 1. A number of different
approaches are being pursued, each has its own strengths and weaknesses. The recent IPCC
report 1995 16]) lists 22 different models which are either in active use or are currently
under development.
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Figure 1. End-to-end characterization of Integrated Assessment Models.
(Source: IPCC 1995 16])
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The five biggest challenges facing the developers of these models are:

I Representation and valuation of impacts of climate change;
2. Consideration of low probability/high consequence events

(e.g. a change in the Gulf Stream);
3. Developing realistic representations of developing countries;
4. Model integration and management;
5. Relevance for the needs of policy makers.

Finally, it is important to recognize that this is an area in which there is considerable
research being undertaken both within the IPCC's activities and within individual countries.
Considerable progress has been made in the understanding of climate change science since
the early 1990s and it is envisaged that this will continue over the next decade.

3.2.2. Routine releases of long-lived globally dispersed radionuclides

Among the radionuclides there are two that are dispersed on a global scale and that
have long enough half-lives to be important for the assessment of far-future impacts:
iodine- 1 29 and carbon 14, Iodine- 1 29 has a half-life of about 16 million years and it is readily
incorporated into the global cycle of stable iodine. It can be modeled using appropriate
multicompartment models for global dispersion. Carbon-14 has a half-life of 5710 years and
will mix into the global carbon cycle.

Their impacts relate mainly to the theoretical induction of excess fatal cancers, mainly
to far future generations. While the individual probability of such events is exceedingly low,
the collective probability of large numbers of people exposed over a large number of
generations (albeit to minuscule individual doses) amounts to a significant absolute total
number. It is a matter of intense debate right now within the scientific, radiation protection
community whether such calculations are warranted at all, as the real risk may be zero (even,
according to some views, negative-that is, a health benefit). For genetic effects, this type of
extrapolation is even more contra-indicated, besides the point that genetic impacts, if they
exist at all, are estimated to be considerably smaller than the risk of induced cancer.
Therefore, although these releases can also be associated with increased mutation rates and

other genetic effects due to radio-toxicity, their impact is not estimated here because the level
of societal detriment associated with such events is relatively small compared to the
theoretical stochastic induction of cancer from the same source.

Besides, if genetic effects are to be included in comparisons, fairness and an even-
handed approach would demand that they should be also included in respect of the
carcinogenic, mutagenic, teratogenic and direct toxicity effects of chemicals released from
fossil fuel-fired electricity generation, as well as in the wastes forms therefrom, where their

2impact has been largely or totally ignored.

2For chemicals, teratogenicity and direct toxicity involve an additional spectrum of materials e.g., heavy
metals) to those which act genotoxically.
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In general, then, such 'genetic' effects are of lesser consequence than other impacts
mentioned, whether in the cases of global warming (from combustion of fossil fuels) or
releases of long-lived globally dispersed radionuclides. However, an exception to such
exclusion may be justified in the cases both of non-nuclear and nuclear wastes, where the
mutational, teratogenic and direct-toxicity roles of chemical constituents may be appreciable.
In general, releases of such materials from nuclear disposal sites are relatively more
constrained than in the case of comparable sites for nonnuclear wastes, especially fly-ash
from coal-fired electricity generation.

The models for the pathways of these radionuclides allow estimation of the dose
conversion factor in the form of individual dose per Bq released into the air or the sea. A
collective dose can be estimated if one makes assumptions for the world population as a
function of time. Lacking any good model for the far future evolution of the world
population, one commonly assumes a constant value.

The individual doses resulting from routine emissions by current nuclear installations
are very small. However, if one makes the customary assumption of a linear (no-threshold)
dose-response ftinction, the estimated impacts are not insignificant when summed over the
world population and over a very long time. For example, the assessment of the French
nuclear fuel cycle by the ExternE program found that the total collective dose is dominated by
C-14.

The issue which the analysts have to keep in mind is whether this "customary
assumption" is warranted. There is an extreme uncertainty about the dose-response fnction at
very low-levels of radiation. Epidemiological data at very low doses-and especially at very
low dose rates, do not provide conclusive evidence for or against a no-threshold model, and
the linear model is adopted in the name of precaution. It is quite possible that the tue impact
of low doses could be much smaller than predicted by the linear model. This uncertainty is
one of the reasons why comparison of emission and doses with natural backgrounds is of
interest.

While the linear model may well be appropriate for radiation protection-related
decisions, it may not be relevant at all to assessing risk, and its limitations in this regard ought
to be clearly recognized. In the impact assessment of long-range radiological exposure, the
concept of "collective dose" is commonly applied: i.e. the sum of individual doses can be
directly derived from the dispersion of radionuclides in the biosphere, without calculating
each individual dose. 30] However, when the range of individual doses spans several orders
of magnitude, it was recently recommended by NCRP 3 that "the distribution should be
characterized by dividing it into several ranges of individual doses, each covering no more
than two or three orders of magnitude, with the population size, mean individual dose,
collective dose and uncertainty being separately considered for each range". It is questionable
whether a collective dose with negligible individual risks should be put on the same scale as a
local dose with non negligible individual risks.

The same NCRP report 3 1 ] underscores that projection of collective committed doses
to future populations and situations should similarly be done with care, because large

1 2



uncertainties are introduced by largely unpredictable changes in relevant parameters; ecology,
dernography, and life style.

The approach to reflect the effects of extremely low doses on large populations has
been discussed also at the recent IAEA meetings, and a separate report [ 1 8] will be published

3from the IAEA.

3.3. Impacts on Land

The production and subsequent supply of electricity has, and will continue to have, an
impact on the quantity of land available for other purposes and the variety of uses to which it
be may put. It is likely that many such impacts are reversible, but practical experience, such
as the US superfund, has shown that although techniques may exist, there are neither the
resources or the political will to address the problems.

The impacts on land are probably one of the most contentious and socially important
that have to be dealt with, and society is unlikely to overlook either the risks or the impacts
very quickly. There may be significant costs in the far future.

3.3.1. Land Take

The physical quantity of land available for other uses may be directly and indirectly
affected by the production of electricity. For example, the creation of hydropower schemes
often involves significant areas of land being submerged. This can result in the displacement
of large populations to areas with which they are unfamiliar, and may have a secondary
impact on cultural diversity. For example, the Bahkra scheme in India required 256 sq km of
land, and resulted in 36000 people being displaced.

The land requirements for fossil and nuclear power plants are dependent on plant size
between I 0 and 260 M2/MW(e) depending on chosen technology (except mining and waste
disposal). (Senior Expert Symposium on Electricity and the Environment 19]) The Narora
nuclear plant in India required 4 sq km (including an exclusion zone) and displaced 2000
people. As the energy density per installed capacity (MW(e)) is low and the area needed for
infrastructure is large, the land requirements of the renewable energy system are very high on
an equivalent basis to the installed capacities of fossil and nuclear power plants 30,000
M2/MW(e) for the solar thermal lower concept or 75,000 in2fMW(e) for on-shore wind
system.) (Senior Expert Symposium on Electricity and the Environment [ 1 9])

Likewise, land taken for mineral extraction (uranium, coal, oil) may result in long
term loss of land. It is important to recognize that where such resources are imported, the
environmental impact will arise in a country other than that generating the electricity.

Waste disposal at the surface, either through landfill or controlled storage, also
depletes the land resource available for other uses, and is likely to do so into the far future.
Experience in the Netherlands has shown that it is not feasible to clean up such sites to the

3The issue was also discussed at the lCRP Main Commission at the Albuquerque meeting in June 1997, and this
is described in IAEA 181.
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point where the land may be used for any purpose. In this respect, persistent substances (e.g.
heavy metals, organics, radionuclides) will cause irreversible damage to the environment.

Other consequences of electricity generation will also affect the land take. As stated in
section 32.1, sea level rise resulting from global warming will result in the pennanent
flooding of some islands and coastal areas. Equally, temperature rises will result in
desertification of currently habitable areas.

3.3.2. Effects on Land Use

Acid rain and its subsequent deposition is the most commonly perceived impact of
electricity generation on the environment. Whilst the mechanisms involved in the
acidification of aquatic ecosystems are well known, this is not true for terrestrial systems. The
extent to which such damage is long term is not known, but is it clear that impacts on
biodiversity could be irreversible. This is particularly true in some upland and mountainous
areas.

Section 32.1 deals with the impacts arising from climate change, many of which will
affect the use to which land may be put in the future.

Other effects include the infrastructure put in place to service generation (e.g. access
roads for wind turbines), and distribution (e.g. power transmission lines) of electricity as well
as the effects of structures on landscape and the blight effect of waste sites. All such factors
affect the way in which land may be used and valued. The canceling of the Silent Valley
hydroelectric scheme in India is an example of where potential ecological damage affected an
electricity generation decision.

3.4. Resource Depletion

Current electricity generation is mainly ensured by the consumption of non renewable
resources: fossil fuels and uranium. The former is far more likely than the latter to be depleted
quickly. Extrapolating present consumption data, the recognized available resources would
become scarce, after the next century for oil, and gas, and after several centuries for coal. This
is expected to produce a variety of changes:

• changes in the price of each resource and increasing exploitation of deposits of lower
grade, possibly with increased environmental impact;

• increased efficiency in the production and use of energy;
• increased exploitation of renewable energies;
• shift to new technologies such as nuclear breeders;
• shift from oil to substitutes as raw material for production of plastics.

Due to the short time horizon of most decision makers, some far future costs of
resource depletion may not be internalized. This kind of impact is more amenable to
quantification than others, using macroeconomics. The progressive depletion of resources can
be assessed, and models can simulate the effect of price variations. However, the
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consequences estimated will be sensitive to assumptions on future technological progress and
structural changes.

Principles governing sustainable development suggest that a reasonable rate of
resource depletion has to be identified, ensuring both present growth rate of economy and
long term availability of a variety of resources. In that perspective, energy efficiency and
diversified consumption would be recommended.

3.5. Severe accidents

Most assessments of severe nuclear accidents have included estimates of health effects
in the far future (generally out to IO 000 years). The accident-related exposures to future
generations are generally small compared to those from routine operations, because of the low
expected frequency of such accidents.

Accidents of non-nuclear energy systems are not expected to have significant far
future impacts. The effects of oil spill, for example, tend to disappear after several decades.

The issue on comparison of accident risks in different energy systems will be discussed at a
separate IAEA meeting in June 1998, and a report 32] will be published.

4. How Should One Value/Weight these impacts?

4. 1. General Problems

4. 1. 1. The Need for Valuation

The different impacts do not all have the same severity or importance to society. One
needs mechanisms for incorporating the value (not necessarily monetary value) or weight of
an impact, which should try to respect the preferences of future generations. The key problem
for comparative risk assessment is to find a common measure of impact or risk that will allow
for direct comparisons between different types of impacts of energy systems. Most impacts
are not directly comparable (e.g. cancers and rise in sea level). Using a single metric
(monetary valuation) to render them comparable is a great simplification; it can be instructive,
yet misleading. There is no perfect solution: comparisons and valuations are both necessary
and impossible.

4.1.2. Avoidability of Risks

In the valuation of risks a crucial consideration is whether a risk is voluntary or
involuntary. Risks imposed on future generations may appear to be involuntary. However,
there is a further aspect because some risks can be avoided or reduced if future generations
take appropriate actions. For example, risks from a well designed nuclear waste site can be
kept at negligible levels as long as future generations continue to monitor and maintain the
integrity of the site. Thus the estimated impacts and costs depend on the scenario assumed for
the future management of the wastes. As an upper bound for the cost of wastes one could take
the cost of a retrievable storage facility that is monitored and maintained for the indefinite
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future, until a better solution is found (with discounting and technological progress such a
cost is not infinite).

There is also the consideration that in some cases future generations may be much
better off if we take an action that imposes risks than they would be if a totally risk averse
approach were taken to everything.

4.1.3. Valuation, Choices and Option Values

Since human resources are finite, resources allocated to a particular end are not
available for society to accomplish some other purpose, which therefore represents a lost
opportunity, what is called as an "opportunity cost" in economics. At the impacts level,
opportunity costs should not exceed the compensation for far future impacts from energy
production. Society ought not to lose its perspective of what these costs for future
compensation of long-term effects might mean; ascertaining what these sums could
accomplish elsewhere in improving the human situation provides a reality check on whether
the associated costs are reasonable or used wisely. This point will be further discussed with
the concept of monetary valuation in Sect. 42.

In addition, there is a value associated with actions that restrict irreversible
environinental impacts, which is not originated in risk aversion but attached to the
irreversibility of these impacts, the quasi-option value. Thus the value of the foregone option
due to the release of long-lasting emissions or radioactive waste has to be added to the future
environmental cost and the size of this value depends among other factors on the degree of
irreversibility, or the rate of natural decay of emissions respectively. Therefore a comparative
assessment of the environmental risk associated with different power generation systems has
to take into account the varying loss of option values attached to the environmental assets
with respect to the dimensions of time and space.

4.1.4. Time Scale and Valuation

The very large variation in time and space that should be considered adds a further
complication. The greater uncertainty of the estimates for longer time periods make the
comparison of the shorter and longer term impacts less meaningful. Monetary valuation
becomes increasingly problematic as the time horizon increases, and there is much reluctance
to estimate costs beyond a few hundred years.

By presenting the impacts separately for different time and space scales, different
weights can be assigned due to importance but also due to varying certainty in the results.
One can use different indicators for different time periods, as is proposed by the INWAC
subgroup for Principles and Criteria for Radioactive Waste Disposal (IAEA 1994a [1]) or
present the impacts in common units but clearly differentiate between the different time and
space scales (so this can be taken into account in weighing the importance of the impacts), as
was done in the nuclear fuel cycle assessment of the ExternE project (EC 1995a 20]).
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4.2. Monetary valuation and discounting

Monetary valuation methods begin with the estimated impacts, to which economic
values are assigned based on the societal importance of those impacts. Non-market goods,
such as health and human life, are valued according to individual preferences (willingness to
pay). To express future costs as equivalent present values the standard economic tool is
discounting. For discounting within the present generation it is generally accepted that the
appropriate rate is the social discount rate, typical values of which are in the range of 3 to 8%,
as determined by observation of the market. For example, to test the sensitivity of the choice
of social discount rate, the external cost studies of EC (1995a 20]) and ORNL/RFF 1994
[2 ) have chosen 3 as central value, bracketed by 0% (or I %) and I %.

The choice of the discount rate is particularly important for the very long term,
because discounting can reduce intergenerational costs to negligible levels, unless the rate is
very close to zero. For that reason intergenerational discounting has been a controversial
subject. Whether a cost discounted to negligible levels adequately reflects the weight
perceived by society must be resolved before the calculational results can be considered
acceptable. It is advisable to consider several discount rates (0, 1 3 and IO %) to evaluate the
sensitivity.

In fact there are no intergenerational markets, and use of the conventional discount
rate can lead to decisions that would be undesirable for future generations. (Also see Sect.
4.1.3. A cost-benefit analysis from the point of view of future generations shows that a
project can compensate ntergenerational damages only if its net present value is positive
according to an intergenerational discount procedure (where the conventional rate is used
within the first generation, and the growth rate of the economy for intergenerational costs). As
shown by Rabl 1996 22]), in this perspective the intergenerational discount rate is
significantly lower than the conventional social discount rate, because it excludes the pure
time preference component of the discount rate (which involves only redistribution within the
current generation and does not create wealth to compensate future generations).

Equally important is the rate at which future costs will evolve; only the difference
between this rate and the discount rate matters. This difference ("effective discount rate") is
likely to be positive but small. Work continues on trying to resolve this issue and at this time
no general consensus has been reached.

The results of a comparative risk assessment over a long-term time horizon are very
much influenced by the weighting scheme for these impacts occurring at different times up to
the distant future. To get a simple upper bound of costs and to facilitate the conversion to
physical impacts it is instructive to set the "effective discount rate" equal to 0. The
uncertainties and controversies about inter-generational discounting are one of the reasons
why it is advisable to keep long term impacts in a category apart, thereby allowing different
weights to be assigned to these impacts as part of the decision-making process.

4.3. Non-monetary valuation

In view of the problems with monetary valuation of impacts in the very distant future,
it is desirable to have an aternative approach based on indicators as a measure of the severity
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of environinental and health impacts. There are interesting precedents for such an approach.
For example, the Montreal protocol for the protection of the stratospheric ozone layer was
motivated by a comparison of recent ozone levels with those of the past. Another example is
the action by a number of governments to set C2 emission targets relative to reference levels
such as current emissions.

4.3.1. Types of indicators

As one moves further away from the original data in a risk calculation, the
uncertainties in the estimates become larger. In view of the very large uncertainties
associated with far-ftiture impacts, it is advisable to consider a gamut of different
comparisons. Comparisons are possible at every stage of the impact pathway assessment.
The following comparisons are given as examples, going down from source specific
indicators to more general risk indicators:

comparison of emissions (source term) with natural releases of the same material (e.g.
heavy metal leachate from disposal area vs. natural leachate from soil)
comparison of incremental concentrations due to energy systems with ambient natural
concentrations (e.g. radon gas from mines vs. ambient radon levels)
comparison of incremental increase of dose with natural background dose (e.g. cosmic
radiation)
comparison of impacts with background rates (e.g. incremental increase of cancers vs.
background cancer rate for the population, changes in land-use or welfare loss)
comparison of impacts with other risks of everyday life (e.g. deaths by cancer from
incremental exposures vs. deaths by cancer from smoking) or other situations associated
with a risk (e.g. areas requiring environmental clean-up or restoration).

Going down this list one moves progressively closer to criteria of direct concer to
decision-makers, but each step involves progressively more assumptions and calculations -
thereby resulting in larger uncertainties. For example, there are increasing assumptions made
at each of the following pathway assessment steps: the concentration of Cs-137 in soil of a
given region, the concentration of Cs-137 in specific food grown in that region, the amount of
food consumed by a defined population resulting in a Cs-137 burden in the individual bodies
of that population, the calculation of an individual dose resulting from that burden, and finally
the individual or population risk (e.g. number of cancers). Further examples of indicators are
given in Section 3 This approach has also been discussed in the context of radioactive waste
disposal (IAEA 1994 1]).

The type of comparison ill depend very much on the type of decision that is needed.
For example, very different comparisons will be needed in the context of energy policy versus
environmental regulatory decisions.

Recently sustainability indicators have received much attention. They are composite
indices that may incorporate one or several of the above indicators. Two main types of
sustainability indicators have been used, called strong and weak; they may be defined as
follows:
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From an ecological perspective, the (,,strong") sustainability rule requires that the total
sum of pollutant emissions should not exceed the assimilative capacity of the
environment and that, at least, irreversible and catastrophic effects on the global
ecosystem should be avoided.
From a welfare theoretic perspective, a (,,weak") sustainability approach is based on the
principle that social welfare should be maximized and the total costs of pollution
(abatement, adaptation and damage costs) should be minimized.

4.3.2. Uses of indicators

An advantage of such indicators is that they can be used for the short, the medium and
the long term impacts. Some indicators can be defined nondimensionally as ratio relative to a
reference environment. Of course, even a nondimensional definition does not completely
resolve the problems of incomparability of impacts such as global warming and cancers from
nuclear radiation. However, if a consensus can be reached about acceptable levels of the
indicators, such information can be used to assess the acceptability of energy choices.

For example, a consensus might be reached that exposure to radiation due to nuclear
power should not exceed x% of the cosmic ray natural background at sea level. Likewise, one
might impose a limit of y% increase in atmospheric C2 concentrations beyond the
preindustrial level. The remaining challenge lies, of course, in the detennination of such
levels of acceptability. Alternatively, one could try to determine comparable levels of
disparate indicators.

4.3.3. Ranking Analysis

The problems associated with ranking are in the estimation of the impacts in common
units (such as utility) and determining the importance or weight of the impacts. Taking
different impact indicators and finding mechanisms to define them in terms of utility is as
difficult (if not more so) than determining an accurate monetary value to be assigned to an
impact indicator using contingent valuation methods. They are both a measure of importance
to the individual, and ultimately society.

Weighing indicators relative to each other, may be a simpler and more direct means of
assigning importance to different indicators. Although it would be a very subjective process,
it would be a transparent method for decision-makers to use. It would be relatively easy to
add different weights to impacts that occur at different times and regional scales. It also
makes it relatively easy to conduct sensitivity analyses and to determine the influence of the
different indicators on the final decision. By being able to see whether a certain final result is
influenced by an impact in a way that seems wrong, the validity of the ranking process can be
checked, while revisions are still possible.

4.4. The Need for Scenarios

The assessment of long-term effects requires one to have a view of the future. Due to
the complex interactions of a wide range of possible policy, social, economic and
technological options, it is not possible to make firm predictions. Hence, it is advantageous to
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use an approach in which a number of different future scenarios are defined. Together, these
scenarios cover the range of conditions likely to occur in the future.

For example, the IPCC has developed a range of scenarios (1995a-b [15, 16]) for
climate change calculations, based on assumptions concerning population, economic growth,
land use, technological change, energy availability and fuel mix during the period 1990-2100.

For the assessment of far-future impacts, assumptions on future lifestyle and medical
advances are equally important. The following examples illustrate how a given scenario can
significantly affect the final result:

• if a cure for cancer is found, the health consequences from increased exposure to
carcinogens will be greatly reduced;

• it is unlikely that the size and geographical distribution of population will remain the
same as today for far future generations;

• costs of waste management will depend on the evolution of technologies;
• costs of global warming depend on adaptive measures that will be taken

(e.g. reduction of crop losses by shift to more resistant species).

5. General Issues

During discussions on the best way to integrate far future impact assessment into
comparative risk assessment studies and energy policy decision-making, there are numerous
issues that reappear. The following general issues should be kept in mind in the development
of further thinking on this topic:

5. 1. Uncertainty

Basically two classes of uncertainty may be distinguished: model uncertainty and data
uncertainty. Both apply for the calculations required in the present context and both may be
addressed by statistical approaches which are described in the relevant literature.

Model uncertainties result whenever the phenomena to be described are not fully
understood and hence a model can only give an incomplete picture of the reality and the
deviation implied by this is not known. This means that various models may co-exist, each of
which has an explanatory value and hence may not be discarded, as e.g. in atmospheric
dispersion. The same applies to the scenarios required, where factors like future demographic
and lifestyle changes have to be integrated.

Data uncertainties may be due to a number of reasons, e.g.
- difficulties in the delimitation of actuarial data
- lack of clarity in existing statistics
- insufficient knowledge of cause-consequence relationships (e.g. impact of toxic

substances, greenhouse effect)
- future discount rates

and in general
- ignorance about the future
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The inclusion of uncertainties enables one to integrate the available knowledge into
the evaluation process, and to combine results of different degree of uncertainty, i.e. of
different quality, in a coherent manner. This is reflected in the final result and puts it into
proper perspective allowing amongst others to take decisions on

whether the risks of any two energy systems are really different or lie within the range of
uncertainty
the level of detail of modeling which is still reasonable in view of uncertainties, i.e. where
effects may be excluded because their inclusion does not tangibly change results
whether the existing knowledge is sufficient to make any statements at all

The inclusion of data uncertainties is related to sensitivity studies, which are also
recornmended. In sensitivity analysis two or more point values of a parameter are assumed
and the outcomes of the model calculations are compared with one another. This is illustrated
in Table 3 by the example of the variation of global warming cost estimates with discount
rate. The result of this process may be the statement that changes in the parameter
substantially affect the outcome of the model or not.

Table 3 Global warming damage estimates (in mECU/kWh) for the coal ftiel cycle, derived from the literature,
for several values of the discount rate dr. (EC 1995a 20))

dr = % dr= 1 % dr=3 % dr= 10%
C I ine (I 992) 23 14.9 2.2 0.6
Fankhauser (I 993) 24] 10.4 1.5 0.4
Tol 1994) 251 18.3 11.7 2.6

The uncertainties in this field are very large. In many cases it is convenient to express
the uncertainties in terms of multiplicative confidence intervals, based on geometric standard
deviations ag and confidence intervals of the lognormal distribution. For example, if a cost
has been estimated to be (geometric mean which is approximately equal to the median),
the probability is approximately 68% that the true value is in the interval [��/Crg, �ig.crg] and
95% that it is in [picAT.2, �La-(Tj]. For impacts whose uncertainties have been quantified, it
seems that the geometric standard deviations are in the range of 3 to 10 (Rabl and Spadaro
1997 26]).

5.2. Representation of Results

Fuel cycle studies yield a great deal of information with different aspects in each stage
of fuel cycles. Care is necessary in the documentation and presentation of the information.
One needs to pay attention to the information needs of decision makers. This consideration
determines the scope of the analysis, as well as the presentation of the results and their
aggregation (over affected regions, over time, over sites, over impact categories or over stages
of the fuel cycle). Therefore it is advisable to ask what decision the results are to be used for.

In fact, the very definition of a fuel cycle is problematic in view of the large number
of elements that need to be specified. The term "fuel cycle" is misleading, because it implies a
simple monolithic system while the reality is a chain whose elements can consist of a variety
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of different technologies. For example, the power generation stage of the oil fuel cycle could
consist of a boiler plus steam turbine, or a simple gas turbine, or a gas turbine plus steam
turbine = combined cycle); furthermore, there is a choice of several different pollution
control technologies, including the sulfur content of the fuel itself. Clearly the emissions will
be very different for each of these options, and it makes no sense to talk about "the" oil fuel
cycle. Production processes and power plants may become more efficient, and the
performance of pollution abatement equipment will probably improve as well. When
assessing future systems, one should use engineering judgment to estimate assumed
reductions in emissions, or conduct a sensitivity analysis that would provide a range of
possible emission values.

An interesting example ftom recent assessments of the nuclear fuel cycle for the
ExteniE Program can illustrate this point. The assessment of the fuel cycle in France found
that the collective dose (and the total external cost, if evaluated at low effective discount rate)
is dominated by the far future impacts of carbon-14 emissions from the reprocessing stage
(EC 1995c 27]). The need of care for the projection of collective committed doses to future
population is already mentioned in Sect. 32.2. In addition, the emission of Carbon-14 may be
controlled by selecting technologies. For the United Kingdom, by contrast, this particular
burden was far less significant because much of the carbon- 1 4 is captured rather than released
to the environment. On the other hand, most of the uranium is imported from countries where
nothing is done to reduce radon emissions from mill tailings, and as a result the collective
dose and the external cost are dominated by the impacts of radon from mining (EC 1997[28]).
Whether radon from mining is a far future impact depends on the future management of mill
tailings. Radon is the decay product of longlived radionuclides and it is emitted to the
atmosphere as long as the mill tailings are out in the open. But as soon as they are adequately
enclosed, the problem disappears because the half life of radon is less than 4 days. (In any
case it should be noted that the damage costs due to such emissions of carbon-14 or radon
were found to be small compared to the damage costs of fossil fuel plants).

6. Summary

Estimation of health and environmental impacts in a distant future driven by current
electricity generation systems is not a well established scientific field. This issue includes
many uncertainties which are seen in many processes of the impact estimation such as
valuation techniques of environmental impacts for a long-term, and technology choice and
policy options for a long run. When the IAEA held the Technical Committee Meeting on
Estimating and Comparing Risks from Energy Systems in the Far Future in October 1997 in
Vienna, there were many questions raised up from the participants on these issues. The
purpose of this document is to introduce typical discussions at the Meeting, and to give a
guidance to the methodological approaches for the readers.

The decision making process is not central to this technical document. The main issue
explained in the document is the ways of presenting health and environmental impacts in a
distant future for decision makers. The primarily targeted readers of this document are,
therefore, experts who will make the impact assessment and document the results to
governmental offices and/or representatives of general public. For those who further
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implement decision making study, several documents are available from the IAEA. (in
preparation 29])

To provide an effective guidance to the methodological approaches, several issues
which are currently recognized as typical examples of the impacts on future generations were
chosen. Global climate change, nuclear and non-nuclear wastes, long lived radionuclides
dispersing world-wide, land use, and resource depletion are briefly discussed to illustrate
several technical difficulties in estimating the impacts in the far future. About technology
choice, the discussions illustrated in this document are based on only marginal increase of
currently available electricity production systems. For smooth introduction of currently
available methodological approaches to readers, issues like future technology options, energy
demands and the vision for the future world are not described. Readers should later study
those issues, based on the information provided in this document.

To understand the nature of impacts, comparison of different types of impacts is
helpful, and presentation of these impacts is a key for the comparison. How to value and
weight the impacts for comparison of far future impacts is the main issue in methodological
approaches. Both non-monetary valuation and monetary valuation are introduced with equal
emphasis. These valuation methodologies, however, have limitations in their applications.

In the method of monetary valuation, the concept of discounting is central in valuing
far future impacts. Discounting affects the weight of far future impacts relative to impacts on
the present generation. This concept may be used for sensitivity analysis with a range of
discount rates, and the results may be presented for the decision making process.

There is much opposition to monetary valuation of long-term impacts, so analysts
need to take some other valuation method in many cases. However, in non-monetary
valuation, it is not possible to have all indicators which could be used for comparison between
two long-term impacts. Therefore, qualitative analysis is also required in many cases.

Including results of qualitative analysis, multi-criteria analysis should be considered
for assessment of long-term impacts. Temporal and spatial grouping should be made on the
impacts, and analysis and decision making will be made with some weighting process. The
weighting may be conducted according to a social choice including subjective valuation.

Time period to be considered in the impact assessment is an important issue in the
long-term impact assessment. Cut off time-period may be set to make consistent comparisons
of different impacts.
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