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Royal Commission on Nuclear Power Generation
Elizabeth the Second, by the Grace of God, Queen of New Zealand and

Her Other Realms and Territories, Head of the Commonwealth,
Defender of the Faith:

To Our Trusty and Well-beloved the Right Honourable Sir Thaddeus
Pearcey McCarthy, Knight Commander of the Most Excellent
Order of the British Empire, of Wellington, Doctor Ian Douglas
Blair, Member of the Most Excellent Order of the British Empire, of
Christchurch, Vivienne Myra Boyd, of Lower Hutt, Professor Bruce
Sween Liley, of Hamilton, and Lindsay Aitken Randerson, of
Wellington:

Greeting:

Know Ye that We, reposing trust and confidence in your integrity,
knowledge, and ability, do hereby nominate, constitute, and appoint you,
the said the Right Honourable Sir Thaddeus Pearcey McCarthy, Ian
Douglas Blair, Vivienne Myra Boyd, Bruce Sween Liley, and Lindsay
Aitken Randerson to be a Commission to inquire into and report upon
the likely consequences of a nuclear power programme and, in so doing, to
consider such matters as siting, licensing, environmental effects, safety
factors, transport of fuel and waste, disposal of waste, and any other
matters which the Commission decides should be brought to the attention
of His Excellency the Governor-General.

And We hereby appoint you the said the Right Honourable Sir
Thaddeus Pearcey McCarthy to be the Chairman of the said
Commission:

And for better enabling you to carry these presents into effect you are
hereby authorised and empowered to make and conduct any inquiry or
investigation under these presents in such manner and at such time and
place as you think expedient, with power to adjourn from time to time and
place to place as you think fit, and so that these presents shall continue in
force and any such inquiry may at any time and place be resumed
although not regularly adjourned from time to time or from place to place:

And you are hereby strictly charged and directed that you shall not at
any time publish or otherwise disclose, save to His Excellency the
Governor-General, in pursuance of these presents or by His Excellency's
direction, the contents of any report so made or to be made by you, or any
evidence or information obtained-by you in the exercise of the powers
hereby conferred on you, except such evidence or information as is
received in the course of a sitting open to the public:

And it is hereby declared that the powers hereby conferred shall be
exercisable notwithstanding the absence at any time of any one or any two
of the members hereby appointed so long as the Chairman or a member
deputed by the Chairman to act in his stead, and two other members, are
present and concur in the exercise of the powers:

And We do further ordain that you have liberty to report your
proceedings and findings under this Our Commission from time to time if
you shall judge it expedient to do so.
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And using all due diligence you are required to report to His Excellency
the Governor-General in writing under your hands, not later than the 31st
day of December 1977 your findings and opinions on the matters
aforesaid:

And, lastly, it is hereby declared that these presents are issued under
the authority of the letters patent of His Late Majesty King George the
Fifth, dated the 11th day of May 1917, and under the authority of and
subject to the provisions of the Commissions of Inquiry Act 1908, and
with the advice and consent of the Executive Council of New Zealand.

In witness whereof We have caused this Our Commission to be issued
and the Seal of New Zealand to be hereunto affixed at Wellington this
13th day of September 1976.

Witness Our Right Trusty and Well-beloved Sir Edward Denis
Blundell, Knight Grand Cross of Our Most Distinguished Order of
Saint Michael and Saint George, Knight Grand Cross of Our Royal
Victorian Order, Knight Commander of Our Most Excellent Order
of the British Empire, Governor-General and Commander-in-Chief
in and over New Zealand.

DENIS BLUNDELL, Governor-General.

By His Excellency's Command—
R. D. MULDOON, Prime Minister.

Approved in Council—
P. G. MILLEN, Clerk of the Executive Council.
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Extending the Time Within Which the Royal Commission on Nuclear Power
Generation May Report

Elizabeth the Second, By the Grace of God, Queen of New Zealand and
Her Other Realms and Territories, Head of the Commonwealth,
Defender of the Faith:

To Our Trusty and Well-beloved the Right Honourable Sir Thaddeus
Pearcey McCarthy, Knight Commander of the Most Excellent
Order of the British Empire, of Wellington, Doctor lan Douglas
Blair, Member of the Most Excellent Order of the British Empire, of
Christchurch, Vivienne Myra Boyd, of Lower Hutt, Professor Bruce
Sween Liley, of Hamilton, and Lindsay Aitken Randerson, of
Wellington:

Greeting:

Whereas by Our Warrant dated the 13th day of September 1976 We
nominated, constituted, and appointed you, the said the Right
Honourable Sir Thaddeus Pearcey McCarthy, lan Douglas Blair,
Vivienne Myra Boyd, Bruce Sween Liley, and Lindsay Aitken
Randerson to be a Commission to inquire into and report upon the likely
consequences of a nuclear power programme:

And whereas by Our said Warrant you were required to report to His
Excellency the Governor-General, not later than the 31st day of December
1977, your findings and opinions on the matters aforesaid:

And whereas it is expedient that the time for so reporting should be
extended as hereinafter provided:

Now, therefore, We do hereby extend until the 30th day of April 1978,
the time within which you are so required to report, without prejudice to
the liberty conferred on you by Our said Warrant to report your
proceedings and findings from time to time if you should judge it
expedient so to do:

And We do hereby confirm Our said Warrant and the Commission
thereby constituted save as modified by these presents:

And, lastly, it is hereby declared that these presents are issued under
the authority of the Letters Patent of His Late Majesty King George the
Fifth, dated the 11th day of May 1917, and under the authority of and
subject to the provisions of the Commissions of Inquiry Act 1908, and
with the advice and consent of the Executive Council of New Zealand.

In witness whereof We have caused these presents to be issued and the
Seal of New Zealand to be hereunto affixed at Wellington this 28th day of
November 1977.



14

Witness The Right Honourable Sir Keith Jacka Holyoake, Knight
Grand Cross of the Most Distinguished Order of Saint Michael and Saint
George, Member of the Order of the Companions of Honour, Principal
Companion of the Queen's Service Order, Governor-General and
Commander-in-Chief in and over New Zealand.

KEITH HOLYOAKE, Governor-General.

By His Excellency's Command—

B. E. TALBOYS, Acting for Prime Minister.

Approved in Council—
P. G. MILLEN, Clerk of the Executive Council.
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Letter of Transmittal

To His Excellency The Right Honourable Sir Keith Jacka Holyoake,
Knight Grand Cross of the Most Distinguished Order of Saint Michael
and Saint George, Member of the Order of the Companions of Honour,
Principal Companion of the Queen's Service Order, Governor-General
and Commander-in-Chief in and over New Zealand.

May it Please Your Excellency

Your Excellency's predecessor by Warrant dated 13 September 1976
appointed us the undersigned Thaddeus Pearcey McCarthy, lan
Douglas Blair, Vivienne Myra Boyd, Bruce Sween Liley, and Lindsay
Aitken Randerson, to report under the terms of reference stated in that
Warrant.

We were originally requested to present our report by 31 December
1977, but this date was extended by your Excellency to 30 April 1978.

We now humbly submit our report for Your Excellency's consideration.
We have the honour to be

Your Excellency's most obedient servants,
Thaddeus McCarthy, Chairman.
Ian D. Blair, Member.
Vivienne M. Boyd, Member.
Bruce S. Liley, Member.
Lindsay A. Randerson, Member.

Dated at Wellington this 30th day of April 1978.
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We can learn from science and technology how to build a bridge. We
may, perhaps, learn from social science what some of the social, political,
and economic consequences of building the bridge will be. But whether
those consequences are good or bad is not a question in either physical or
social science.

And so it is of all the most important questions of human existence.
What is the good life? What is a good society? What is the nature and
destiny of man? . . . These questions do not yield to scientific inquiry. Nor
do they become nonsense, as the logical positivists would have us believe,
because they are not scientific. . . . Unfortunately, the question whether
there is knowledge other than scientific knowledge is one that science can
never answer. It is a philosophical question.

Robert M. Hutchins The Conflict of Education, 1953.



PARTI

Chapter 1. THE NATURE AND SCOPE
OF THE INQUIRY

INTRODUCTION

1. The terms of the Warrant of Your Excellency's predecessor are on
first sight specific and confining, limiting us, it might appear, to a mere
description of the likely consequences of a nuclear power programme. But
such consequences must be seen in the special context of New Zealand
and its needs, in a time of world-wide public debate about nuclear power.
For this, among other reasons, we have felt justified in placing a broad
rather than a narrow legal interpretation upon the language of the
Warrant given us. Such an interpretation has affected the form and
content of our report. Instead of being fashioned by the terms of its
Warrant (as many such reports most aptly are, with each Warrant item
dealt with specifically in a separate chapter) our report demands a
different structure. We see it falling into four parts, which we now
describe.

2. Part I contains an explanatory introduction to the inquiry, and an
"overview" which is a general discussion of the whole energy scene and a
summary of our views about the case for nuclear power in New Zealand
now and in the future. Part II seeks to gather in much more detail the
information we have gained on the whole energy question both in New
Zealand and overseas about the present state of, and probable develop-
ments in, nuclear physics and engineering, and their expected employ-
ment in the future. We also discuss the public acceptability of nuclear
power today, especially in the New Zealand context. Part III takes up the
proposals of the New Zealand Electricity Department (NZED) relating to
the introduction of a nuclear power programme as they appeared when we
began, and as they now appear; the present and projected generation of
electricity in New Zealand; and the different projections of the country's
future electricity consumption and the ability of the likely available
resources to meet them. Part IV discusses at length the consequences for
New Zealand of adopting a nuclear programme—those specifically
mentioned in our Warrant, and others.

3. This report is not the work of any one person. All members of the
Royal Commission, aided greatly by our staff, have taken part in drafting
it, with the result that there are perhaps some variations in style. Be that
as it may, the report conveys the consensus of us all. It is, we think, the
kind of report Your Excellency would require of us. We acknowledge, too,
that we have drawn extensively from submissions, and in areas of detailed
material especially, from those of State departments. It has not always
been possible without interfering unduly with the flow of discussion to
acknowledge each and every one of these borrowings, but we have done so
where it seemed most desirable.
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4. Though we aim at an acceptable standard of scientific accuracy, we
have not sought to compile a textbook on any of the areas touched on by
our inquiry. We are not nuclear physicists, indeed most of us are not
physicists at all. We believe, moreover, that Your Excellency's predeces-
sor's intentions were that we should conduct an inquiry and reach our
conclusions rather as informed non-scientists, allowing ourselves to be
influenced by all considerations which properly and reasonably affect our
community. Such considerations are not exclusively scientific or technical.
They introduce philosophical and moral values.

5. Change, someone has written, is the only constant in the field of
nuclear power. We have been impressed with its inevitability and speed.
It has added to our difficulties—for example, in producing a report which
does not seem almost out of date by the time it is released. Even in the
short time of our inquiry, administrative structures have altered consider-
ably here and overseas. Nuclear technology is still quite new. As recently
as 1956 the first commercial reactor, Britain's Calder Hall, fed electricity
into a national grid. Though technology has developed rapidly since then,
and many countries are now designing and making nuclear plant, the
industry is still in its infancy. The large rises in oil prices in 1973-74 have
led to intensified research (and development) not only into producing
energy by nuclear fission in ways now well understood, but also into the
more complex fast-breeder reactors, and into the possibility of producing
electricity from nuclear fusion. Thus the timing of any decision to
introduce nuclear power to New Zealand, if that step is to be taken, is of
prime importance. We have therefore given it a prominent place in our
considerations.

6. Coincident with the rise of nuclear technology, there has been a
growing realisation that the world's reserves of fossil fuels are quickly
being depleted, and could become critically scarce before the end of the
century. The rises in oil prices in the 1970s brought this home. Oneresult
is a spate of reports and documentary material from various official
commissions and boards of inquiry in New Zealand and overseas, from
manufacturers of nuclear hardware, from scientists who favour or oppose
nuclear programmes, and from a very articulate opposition in environ-
mental and anti-nuclear organisations. We have found all these a most
fertile and varied source of information. Indeed, we have had the greatest
difficulty in assimilating the wealth of material given us as well as that
which we gathered during our investigations overseas. This information
has added to our sense of the inevitability and rapidity of change in
nuclear power development, and in the development of alternative
resources. It has fortified our belief that this climate of change and
discovery is a most important factor to be considered when the question is
asked whether a final decision to introduce, or to reject, nuclear power can
best be made now or later.

7. There can be no doubt that in New Zealand and elsewhere many
citizens fear the consequences of nuclear power generation. Their motiva-
tions are numerous, complex, and sometimes emotionally-based rather
than informed. Radiation is, and has always been, perhaps the most
common external influence to which human beings are exposed by nature.
But the memory of the first major use of nuclear power as a devastating
weapon has coloured the whole subject. This, with a growing awareness of
the health and genetic consequences of escapes of man-made radiation,

FACTORS SHAPING OUR THINKING AND REPORT
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and an increasing dissatisfaction with modern industrialised com-
munities, has created a climate in which it would he inappropriate for us
to regard our inquiry as calling for scientifically-based approaches only.
As we have said, we accept that philosophical and moral issues affect the
judgments of men and women on the nuclear question (as on all questions
about the quality of life we should seek), and are thereforemost important
in any decisions which are to be made about nuclear power generation,
especially for New Zealand where this technology has not yet been used.

8. But it is not only nuclear power that has problems. All large power
plants can have their undesirable consequences. Hydro-electric installa-
tions can destroy the beauty of valleys, lakes, and rivers, and have
disastrous effects on natural habitats. Coal-fired and oil-fired thermal
stations are usually ugly, and poison the atmosphere; and there are many
eminent scientists who believe that the changes in the atmosphere
produced by accumulations of carbon dioxide from burning fossil fuels
could ultimately prove more worrying for mankind than the products of
nuclear fission. Oil has its own acute pollution risk, especially when
carried by sea. So does the transportation of natural gas. Moreover,
serious moral questions are inherent in the consumption of oil, gas, and, in
some countries, coal in ways which deprive future generations of those
valuable fossil deposits for uses perhaps more advantageous than the
production of power. It was this ferment of conflicting considerations,
values, and community divisions which led Sir John Hill, the Chairman of
the United Kingdom Atomic Energy Authority (UKAEA), to say recently
that the principal problems of nuclear power are now not engineering nor
technical but those of political will and public acceptability.

BACKGROUND TO THE INQUIRY
9. From the seemingly inexhaustible colonial resources of wood and

coal, New Zealand passed for its energy needs to hydro-electricity, again
apparently inexhaustible. But the rate of growth of electric power
outstripped that of all other forms of energy, so much so that from the
Second World War to March 1976, the major hydro resources of the
North Island and the most suitableremaining bodies of water in the South
(including the present Upper Waitaki and the projected Clutha schemes)
were committed. In 1977 hydro-generation produced about 80 percent of
the national electricity supply, geothermal 8 percent, and fossil fuels,
including highly expensive imported oil, the remaining 12 percent.

10. The Planning Committee on Electric Power Development (PCEPD)
presents a power plan to the Government each year, and recommends
how future needs can be met. It first introduced nuclear power in the 1968
Power Plan as being necessary to meet forecasted demand. The discovery
of the Kapuni and Maui gas fields, and a recent slacking-off in electricity
consumption, allowed the timing of the proposed introduction of nuclear
power to be somewhat postponed. But the 1976 Power Plan still saw
nuclear power as one of the main options for thermal generation beyond
1990, and maintained (because of the long "lead-time" needed to
introduce the complex nuclear technology) that a Government "decision
in principle" to introduce it would be needed in 1977 or shortly thereafter.

11. Nuclear power was first considered in New Zealand's electricity
planning in a period of optimism when nuclear power programmes spread
in the western world accompanied by confident estimates of safe, cheap,
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and almost unlimited electrical energy. But later, as doubts grew, nuclear
power was strenuously questioned on counts of safety, cost, and reliabil-
ity; first in the United States, then in other countries. In New Zealand
there has been widespread, articulate questioning and protest, with
demands for public debate and public inquiry. It is against this back-
ground that our inquiry was set up.

12. Politically, the interest reflected a bipartisan approach. In late 1975,
the Labour Government set up an independent fact-finding group of
scientists and other informed people to examine the possible environmen-
tal consequences of nuclear power production compared with those of
possible alternatives. This Fact Finding Group on Nuclear Power
(FFGNP) was chaired by Sir Malcolm Burns, K.B.E., formerly Principal of
Lincoln College and at the time President of the Royal Society of New
Zealand. Later in the same year, the National Party, then in opposition,
presented an election manifesto in which it undertook not "to introduce
nuclear power generation in New Zealand until a public inquiry into all
aspects of this source of energy has taken place and until it is convinced
that the technological aspects have been satisfactorily resolved". In
November 1976 a petition was presented to Parliament containing
333088 signatures advocating an entirely non-nuclear future for New
Zealand.

13. Finally, in September 1976, the present National Government set
up this Royal Commission. Its purposes, which at first sight would seem
very similar to those for which the FFGNP was established, were to
inquire into and report upon the likely consequences of nuclear power,
and in so doing, to give special consideration to a number of specified
areas. But the character of the inquiry was obviously to be different from
that made by the FFGNP which was to operate as a scientifically qualified
investigating group. Though it did initially intend to invite submissions
from the public, the setting-up of this Royal Commission led to a change
of mind, public involvement appearing then to be no longer necessary. In
contrast, our inquiry was, we thought, intended as a less scientific review;
one at which the public could be heard and to which it could bring its
needs, its doubts, its fears. We would have to give attention and weight to
these. All this we discuss again in this chapter when we explain why we
deliberately placed a broad reading on the language of the Warrant
defining the extent of our inquiry.

14. Meanwhile, independently, the New Zealand Energy Research and
Development Committee (NZERDC), under the chairmanship of Dr C. J.
Maiden, had established an energy research group led by Dr Garth
Harris, Executive Officer of the Committee, to explore a range of energy
choices open to New Zealand, and to identify policies which would match
those choices. It decided to construct three scenarios based on different
forms of industrial, economic, and population growths to show how our
energy needs would be affected by these different assumptions of growth.
These were not designed as a forecast but as a feasibility study, and, as
their authors emphasised, imply an unlikely degree of consensus by the
whole community. They outline ways in which their three objectives
might be reached. They are described in detail in chapter 3.

15. The activity in New Zealand was in line with what was going on
overseas. Many investigations were under way, and many reports have
come to our notice. We mention the more important. First, the sixth
report of the Royal Commission on Environmental Pollution in Britain,
chaired by Sir Brian Flowers (the Flowers report) became available to us
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shortly after we began. Next came the First Report of the Ranger
Uranium Environmental Inquiry in Australia, chaired by the Hon. Mr
Justice R. W. Fox (the Fox report). Third were the three Maiden
scenarios which we have just mentioned. Fourth were the preliminary
papers of the Royal Commission on Electric Power Planning in Ontario,
chaired by Dr Arthur Porter. Fifth was the report of the Nuclear Energy
Policy Study Group sponsored by the Ford Foundation and administered
by the MITRE Corporation in the United States (Ford Foundation -

MITRE report), a discussion on nuclear power issues and choices by a
committee of individuals with a wide variety of expertise, experience, and
viewpoints, none of whom had taken a strong position for or against
nuclear power. It was issued in January 1977. Sixth was the report of the
FFGNP. These reports added greatly to the material available to us and
were relied upon by participants in our inquiry to buttress their various
arguments. We shall refer to them from time to time, and in far more
detail in their particular areas of relevance.

16. During our inquiry governmental and scientific sources made many
statements indicating that a decision on nuclear power was not now
nearly as urgent as was previously thought. The Maiden scenarios and the
FFGNP report (both in March 1977) suggested that if appropriate steps
were taken there would be at least some delay before a decision to
introduce nuclear power must be made. The Minister of Energy
Resources shortly afterwards stated his opinion that this was possibly so.
On 1 June 1977, the general manager of the NZED, Mr P. W. Blakeley,
was reported as saying that the fall-off in demand had reached the point
where even the official 1976 projection that two 600 MW nuclear reactors
would be needed by 1991 was "a thing of the past".

17. Next, in July 1977, the Budget gave prominence and support to
energy research, to the ascertainment and development of indigenous
resources, and to incentives for energy conservation of various kinds.
Later in the year the Minister of Energy Resources repeated his belief that
there was "no need for a decision [about nuclear power] at present or
probably for a few years". This was followed by the tabling in Parliament
of the report of the PCEPD which reduced its earlier predictions of future
demands for electricity, and dropped nuclear power as an alternative
possibly needed within the next 15 years.

18. These manifest changes of opinion, coupled with the statutory
creation of a Ministry of Energy designed to bring the departments
primarily associated with energy under one central control and to
promote greater efficiency in research, investigation, and development,
caused the question to be asked in the later months of 1977: had not this
Royal Commission already sufficiently fulfilled its purpose by influencing
considerably the turn of these very events? It was also suggested that little
further was to be gained by our preparing and publishing a report. But for
reasons given in the overview in chapter 2, we have felt obliged to
complete the work we undertook, though necessarily events have influ-
enced greatly the form which our report now takes as well as reducing the
tensions surrounding our inquiry, and making our task easier and more
pleasant.
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INTERPRETATION OF WARRANT AND RANGE OF INQUIRY
19. In interpreting the wording of our Warrant, we thought it essential

to bear in mind the environment which we have sought to explain in the
preceding section, and to be influenced by what we saw as the general
purpose of the inquiry. The text of the direction of our Warrant reads:

... to inquire into and report upon the likely consequences of a nuclear power
programme and, in so doing, to consider such matters as siting, licensing,
environmental effects, safety factors, transport of fuel and waste, disposal of
waste, and any other matters which the Commission decides should be brought
to the attention of His Excellency the Governor-General.

But we could not possibly see our task as being limited to a scientifically-
based exposition of the consequences specified in the above and similar
quotations. Therefore, we have rejected a strict literal interpretation and
adopted a broad liberal one. Moreover, the Government through the then
Minister of Energy Resources, the Hon. E. S. F. Holland, in answer to
criticism of the limitations thought to be imposed by the Warrant,
expressed the hope that the Royal Commission would take a wide view of
its powers, a hope that was repeated by his successor, the Hon. G. F. Gair.
So in the course of his directions made at the opening of our sittings in
November 1976, the Chairman said:

The matter upon which many await a statement from us, is the interpretation
which we intend to place upon the definition of our task as it is set out in His
Excellency's Warrant. The definitive words in that Warrant are "to inquire into
and report upon the likely consequences of a nuclear power programme and, in
so doing, to consider such matters as siting, licensing, environmental effects,
safety factors, transport of fuel and waste, disposal of waste, and any other
matters which the Commission decides should be brought to the attention of
His Excellency the Governor-General". It will be seen that the dominant
phrases in that citation are "the likely consequences" and "in so doing". This
definition of our function or task has been drawn in a way which patently limits
the inquiry to the likely consequences of a nuclear programme. That is not to
imply that the Government has decided upon such a programme, but it appears
that it does wish toknow, in the event of its having to make a decision one way
or the other, what are likely to be the consequences of the adoption of a nuclear
programme. After asking us to report upon such likely consequences, the
Warrant lists a class of matters to which we can turn our attention when
examining consequences. I have read the description of that class. In that
relation, the words "in so doing" are most important. It could be argued from
the phraseology of the description of the class of matters that notwithstanding
the general words at the end of that description, the class is of a quite restricted
technical nature, that is, it is limited to the class of matter specifically stated.
Nevertheless, we hope to take as broad as possible an approach to our task, and
we do not propose to exclude any matter which on a fair interpretation of our
Order can be said to relate to consequences. Of course, our Order does not
permit us to say whether nuclear power should or should not be introduced; but
it is for us to draw attention to likely consequences favourable and unfavourable
which a Government would have to take into account in determining that
ultimate question. In this regard it should be noted that although we are not
explicitly asked to consider alternatives, it may be that a fair measure of the
consequences of one particular course of action can be obtained only by
comparison with possibilities. We shall be willing to hear submissions on that
proposition.

We recognise that all this is general, and perhaps not as helpful to you as you
would wish; but it is impossible for us, at this stage, to be more precise or to list
the matters which fairly can be said to bear on matters we are directed to
inquire into. That can only be decided from time to time as we hear the
submissions or evidence. Let us be clear about this: a Royal Commission has no
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jurisdiction whatsoever to go outside the limits of its Warrant no matter what
considerations might be said to exist in favour of that course. A Royal
Commission does not draw its own Warrant. But we are heartened by the
expressed wish of Government that we should interpret our Warrant as liberally
as we fairly can. We shall endeavour to do that and, as we have indicated, we
will not confine you unnecessarily. But we must be clear and avoid any
misleading. Though we shall take as broad as permissible a view of the matters
which relate to consequences, we cannot go beyond that area. As we have
already said, no Royal Commission is entitled to disregard the directions of its
Warrant and, as it were, to redraft the Warrant in a way it may consider it
could have been drawn. Therefore, do not expect us to investigate matters
which are plainly outside the parameters of the document which defines our
task. Only His Excellency the Governor-General, on the advice of his Govern-
ment, can authorise that.
20. As the inquiry progressed, we became fortified in our belief that

whether nuclear power was suitable for and needed in New Zealand
(considering alternative available sources) were primary issues in any
worthwhile inquiry. Evidence on these and other matters bearing on the
possible choices of action open to the Government was freely admitted.
We found it hard to draw the boundaries between evidence which could
be admitted on our construction of the Warrant and that which must be
rejected as relating to matters which could not on any acceptable liberal
interpretation be held to be included. We chose to err on the side of
liberality of admission rather than on that of rigidity of exclusion.

21. This is not the sort of study which calls for detailed recommenda-
tions as an examination of an existing New Zealand structure would, nor
do the terms of our Warrant call for them. We have been concerned to
study primarily the need for nuclear power in this country now and in the
future, to portray the consequences which are apparent in such countries
as have adopted that form of electricity generation, and to visualise how
these consequences might apply in New Zealand. Most of the conclusions
or recommendations made in the course of preparing this report are not of
central importance and emerge sufficiently clearly in the text. They do not
justify a gathering together. Our most important are summarised at the
end of the overview which follows.

22. In short then our task as we have seen it has been to consider the
consequences of introducing a nuclear power programme in the light of
the country's present and estimated future energy needs, its present and
projected indigenous or imported resources, the choices open to those who
are responsible for ensuring that energy is available to meet all proper
claims for it, and finally, the most appropriate times at which decisions
can be made about a commitment to, or rejection of, nuclear energy. To
deal with these basic questions at all adequately we have necessarily had
to cover a wide field: how wide it is emerges, we believe, from a reading of
this report.

THE PROGRESS OF THE INQUIRY
Procedure

23. The Warrant appointing the Royal Commission was published in
the New Zealand Gazette No. 100 of 16 September 1976. Advertisements
inviting submissions were placed in metropolitan and provincial news-
papers on 25 September 1976. Further advertisements were placed in
local papers at Auckland, Christchurch, and Dunedin as the Commission
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was about to move to these cities for hearings. Our first public sitting at
Wellington on 3 November 1976 was limited to a roll-call of those
organisations and people who would be taking part, and the opening
remarks of the Chairman, in which he informed those present of the stand
taken by the Royal Commission about the scope of the inquiry and the
procedures to be adopted. He explained that he intended to allow cross-
examination freely, provided it was conducted in a proper manner and
was not unduly repetitive. All taking part in the hearing would be allowed
to cross-examine without engaging counsel.

Public Hearings
24. The first submissions were heard in public on 10 December 1976 in

Wellington, and hearings continued until 17 November 1977. Sittings
were held in Auckland from 2-6 May; Dunedin, 16-18 May; and
Christchurch, 13—16 June. A verbatim record of the submissions and
cross-examination was kept throughout. At the first hearing in December
the main State departments concerned presented background submissions
about their role in the energy field. Then in February 1977 the public
hearings of general submissions received from departments, organisa-
tions, and individuals were begun.

25. Although at first there was some tension between the main groups
representing those seeking approval of a nuclear programme and those
opposing—the latter groups were plainly somewhat apprehensive of the
procedures which would be followed—by the time the hearings were
completed there was, obviously, a general feeling of goodwill and of
satisfaction with our procedures.

26. At no time did we refuse to allow cross-examination. Indeed, after
each submission, those present who had an interest in the matter under
consideration were invited to ask questions. These invitations were
accepted freely, and although at times some of the cross-examination was
rather long and perhaps too detailed, permission to cross-examine was
never abused. We fully appreciated the co-operative attitude of those who
attended our hearings. The inquiry was, as a result, much more pleasantfor all than it might otherwise have been.

27. During 3 November 1976 to 17 November 1977 when publichearings were held, the Commission sat for a total of 52 days, and 141
submissions were presented. Appendix A gives a list of the organisations
and individuals who made submissions. No use was made of the provisionfor submissions to be presented in confidence outside the public hearings.
We sat mainly in Wellington with hearings also in Auckland,
Christchurch, and Dunedin. At first the intention had been to go only to
Auckland and Christchurch, but there was pressure for us to hold a
hearing in Dunedin, and this was agreed to. The number of submissions
heard at this hearing was only 5, but the visit proved fruitful.

Overseas Visits
28. In addition to hearing submissions in New Zealand, all members of

the Royal Commission and the secretary travelled overseas in September
and October 1977 interviewing people and organisations and seeing
energy installations in the United States, Canada, Britain, France,
Sweden, Switzerland, Austria, and South Africa. Before we set out, the
chief organisations taking part in our inquiry were asked to submit the
names of people whom they thought we should interview, and the places
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we should visit. As was to be expected a very large list of names and places
was supplied and these had to be culled to those who were given the
highest priority by the bodies putting their names forward. We tried to see
as many as possible. Over 70 interviews and visits took place. Besides
State departments and agencies, we visited utilities and other organisa-
tions concerned in the production and distribution of energy. We took
opportunities to visit such celebrated laboratories as Lawrence Livermore
in California, Oak Ridge in Tennessee, and Harwell and Culham in
Britain. We visited many atomic plants, including 6 of the 19 plants
operating in Britain at the time. As often as possible we discussed with
members of local communities the impact of these plants on them.

29. A check on the priority list provided by Environment and Conserva-
tion Organisations of New Zealand (ECO), who collated the requests of
most of the organisations opposing nuclear power, shows that 75 percent
of the 28 people and organisations recommended were interviewed. This
is a high percentage indeed when it is remembered that these were busy
people scattered over the different countries, and often not readily avail-
able for interview. The arrangements for these interviews and visits fell in
the main on overseas staff of the Ministry of Foreign Affairs. The smooth
operation of our programme was due in no small measure to the excellent
work of the ministry, for which we are grateful.

30. We believe that this overseas exercise was well worthwhile. Though
we did not gain any information which was essentially new in the sense
that we had not heard of it before, we were able to supplement greatly our
information and knowledge about many aspects. We received a great deal
of written material from the people and places we visited, and this has
been made available to all who have takenpart in our inquiry. But of even
more importance than this, were the fruitful opportunities to talk to
people and to sense their reactions to the presence of nuclear energy in
their midst. On the one hand there were those opposed to nuclear
power—some implacably opposed, others ready to accept it only should
there be no satisfactory alternative. On the other, there were people in and
about the industry, those engaged in planning the nuclear programmes,
those working with them, and those living in the vicinity of nuclear power
plants who took a contrary view. All this brought a measure of realism
and insight which until then was inevitably lacking in our experience. No
amount of printed matter, be it in books or submissions, can possibly
substitute for the experience of seeing nuclear reactors being built or
operated, with their extensive control and safety systems, or convey the
feelings of those who live within range of the possible effects of an
accidental release of radioactive material. The reactions of these people
are of special importance, and are discussed in a later chapter of this
report.

Comments on the Evidence
31. Copies of submissions were received in advance and distributed to

departments, organisations, and interested people as soon as their receipt
had been announced at a hearing. This enabled those people and organ-
isations to prepare themselves to cross-examine on the various submis-
sions. A total of 114 submissions were presented in person, and 27 were

merely registered and made available to people concerned. A verbatim
record of the evidence (submissions and cross-examination) totalling 6335
pages was kept and copies distributed. Copies of all submissions and
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cross-examination were sent to the Auckland, Wellington, Christchurch,
and Dunedin public libraries, and a copy was maintained for public
inspection in our Wellington office. Two copies have been sent to the
General Assembly Library.

32. Generally speaking, the submissions received were of a high stan-
dard. Some were excellent indeed. Of those supplied by State depart-
ments, we would mention especially the background papers submitted bythe Department of Scientific and Industrial Research (DSIR). These were
of an extraordinarily high quality; we have seen nothing better anywhere,and we would suggest that they deserve publication in a form which
ensures greater availability. The submissions of the NZED, the Ministryof Works and Development (MWD), and the Ministry of Energy
Resources (MER) also deserve commendation for care in preparation and
detail. Indeed, all State departments deserve our thanks for their co-
operation and help though we confess that we were somewhat disap-
pointed with the assistance we received from the Treasury. It did not
think it necessary to give evidence in the form of a submission and
appeared only after it was made clear that the Commission insisted upon
an appropriate appearance. Its reasons were basically that, as in its
opinion a decision on nuclear power would not be needed for 20 years, it
was consequently irrelevant to discuss issues of costs and their impact on
the economy at this time. Treasury's attitude was criticised by the Friends
of the Earth who described its contribution as being "grossly inadequate".We had expected a more helpful approach to our problems. We also
expected but did not receive submissions from the electricity supplyauthorities, the Manufacturers' Federation, and the Chambers of Com-
merce—organisations which we would have thought would be sufficientlyconcerned about the energy situation of this country in the years to come
to have made representations to us.

33. Of the non-departmental submissions, we mention especially those
supplied by the Friends of the Earth (Dr D. Hocking), The Campaign for
Non-Nuclear Futures (Mrs M. Melhuish), and Ecology Action (Otago)
Incorporated. We mention too, the submissions of Dr E. Geiringer who
attended our hearings constantly in the role of a concerned citizen, and
whose contribution to the inquiry was valuable and stimulating.

The News Media
34. We were disappointed at the extent and quality of the coveragegiven by the news media. We do not underestimate the difficulties ofobtaining reporters or news commentators sufficiently conversant with the

technical problems of nuclear energy to enable balanced reports of
submissions, nor of those of maintaining a continuous attendance at an
inquiry of great length. Nevertheless, we felt that with some exceptions the
media, in addition to the intermittent character of their participation,
were over-inclined to give prominence to the views of some witnesses
lather than to the better balanced evidence of more knowledgeablepeople. As a result the media did not help as fully as we would have
wished the Government's objective of promoting an informed publicdebate by means of our inquiry. We found that this was often the
experience of overseas inquiries into nuclear power, though now that this
technology is established in North America and Europe, the media there
appear to be improving their coverage of developments and unresolvedissues.
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35. The New Zealand public needs objective information about what
nuclear power and technology involves and entails. For that reason, in
presenting our report we have aimed to compile a source of information
that will assist lay or non-expert understanding of a technology that could,
in the foreseeable future, be even more prominent in the world.
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Chapter 2. THE OVERVIEW
INTRODUCTION

1. Here we seek to present in short form, and as far as possible in non-
technical language, a statement of our views about the desirability and
need for nuclear electricity generation in New Zealand, and the
consequences of its introduction. This is more than a summary of our
report, and in form is somewhat different. It is designed to give the general
reader a useful "overview" of our thinking. Those wishing detail and more
scientific discussion should turn to later chapters. Inevitably in those
chapters we look at specific topics from different viewpoints. This may
give an impression of unnecessary duplication—something we have tried
to avoid. But some such duplication is unavoidable.

2. In the introductory chapter 1, we have sought to explain a number of
significant matters:

• the changing energy scene and the emerging public concern about
nuclear power as a form of electricity generation which led the
present Government to establish a Royal Commission of Inquiry;

• the seemingly restricted scope of the inquiry as appeared from the
terms of our Warrant which, on its face, would confine us to an
examination of the consequences of a nuclear power programme in
New Zealand;

• how we thought it meaningless and unprofitable to consider
consequences without first considering the need for, and advantages
of, nuclear power in New Zealand, without weighing its
consequences against those of the alternatives, and without taking
into account the time scales involved;

• how we felt obliged to take a very broad view of the areas which the
Warrant permitted us to survey with the result that during our
hearings we allowed discussion to range over almost all aspects of the
nuclear debate;

We have also sought to explain the marked changes which have taken
place in official thinking since our inquiry began. This is an important
matter which must be stressed even at the expense of some repetition.

Changes in Official Viewpoints
3. In 1976 when the Royal Commission was established, the Committee

to Review Power Requirements (CRPR) forecast that electricity demand
in 1990 could reach 49774 GWh a year, with up to 80400 GWh a year
being needed at the end of the century. But the more recent CRPR reportof 30 May 1977, which was not released until September when we were
overseas on our investigatory study, has greatly reduced its earlier
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forecast. The majority of the Committee now forecasts a demand of 47664
GWh a year for the year 1991-1992; the minority arrives at 41747 GWh a
year. More significantly perhaps from our point of view, the PCEPD,
which submits to the Government a plan for developing generating
capacity to meet the load forecasts of the CRPR, no longer sees nuclear
power as a likely need within the Committee's planning period of 15 years
though formerly considering it as one of the most important options for
electricity generation beyond 1990. To keep that option open an early
decision whether it was to be adopted was necessary. The Committee now
believes that a nuclear power station will not be needed to satisfy load
growth in the next 15 years. This is not intended to mean that nuclear
power can be disregarded as a future energy option. The Committee
repeatedly stresses that State departments should continue to keep in
close touch with developments overseas, and advance their expertise in,
and understanding of, nuclear technology so that its value for electricity
generation can be kept in perspective. In its view, a decision to proceed
with nuclear power no longer needs to be made in the immediate future.

4. Doubtless there are many reasons for these changes in attitude. We
think the Committee's present opinions reflect what seems to be a fairly
general belief in the community that taking up the nuclear option is at
least not as urgent as many officials previously thought. Plainly, the
department most closely involved, the NZED, now agrees. It no longer
holds to its former view that nuclear power would probably be needed in
the early 19905, and it has reduced its estimates of future demand at the
turn of the century to 60000-70000 GWh a year. However, it still seeks
authority to take necessary steps to ensure that the nuclear option is
available after the PCEPD's 15-year survey period. We discuss this later.
But the NZED does not claim that nuclear power will definitely be needed
at any time before the year 2000—nor even then. No one now makes such
a positive assertion.

5. We imagine that the general falling off in the growth of demand over
the last 4 years has modified the views of the CRPR and the NZED,
though they are well aware that this decrease (for detail see chapter 6)
could prove to be, in part at least, merely temporary. In the United States
and Canada, for example, where growth rates have fallen substantially in
recent years, there are signs that peak demands are rising again, though
the earlier high figures have not been attained.

6. The Maiden scenarios and the report of the FFGNP have also
influenced the departments most concerned. But we feel entitled to claim
that our inquiry probably as much as (if not more than) anything else has
led to these substantial changes in viewpoint, as well as achieving a
relaxation of the divisions between the two sides to the argument. During
our hearings, the forecasts, past and present, of the CRPR and of the
NZED were under sustained attack as extravagant and tending to
stimulate consumption rather than conservation. Because of this, as well
as the present trends in Gross National Product (GNP) and population
growths, departmental officers felt obliged to re-examine their earlier
estimates of demand and available resources, and to support their
estimates under cross-examination. Moreover, it emerged that not all
departments involved were completely in agreement, although, as we
shall later see, they came to much closer agreement by the time our public
hearings were over.
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7. At present, as we see it, no one asserts that New Zealand will
certainly need nuclear power before the year 2000, or indeed after. This,
we repeat, is a striking change from some official attitudes which obtained
when the inquiry was set up. Thus it would be unacceptable for us to
advocate an early commitment to nuclear power unless we were satisfied
that there was no escape from that commitment, or that the advantages of
a decision now in favour of nuclear power were overwhelming. We shall
later say that we are not so satisfied.

Continuation of the Royal Commission's Task
8. The question may well be asked then whether, after these changed

attitudes emerged, there was a sufficient need for this Royal Commission
to continue. It would seem reasonable to say that the Royal Commission
had already completed the main work given it by aiding the public debate,
and by contributing to a consensus that there was no need for an early
nuclear commitment. Furthermore, it was said that much of any technical
detail we might write would be well out of date by the time a firm decision
on a nuclear programme could be necessary. We were ourselves troubled
by such thoughts about our duties. To write a report which might seem to
do little more than help to postpone a final decision, and which could date
rapidly in a fast changing world, is not a stimulating task. But apart from
the obligations imposed by our Warrant, from which we have not asked to
be relieved, we have felt that we must go on if only to satisfy ourselves
whether, in spite of the changes in official thinking about a nuclear
commitment, the forecasts and viewpoints of the GRPR and the PCEPD
should be accepted as soundly based. Moreover, we hope that what we
write may be a helpful foundation for the further reviews which will be
necessary from time to time tokeep the nuclear option effectively open, as
we will say it should be. We hope too that it will prove helpful in
educating our community in the general problems of energy, and in those
of nuclear energy in particular. However, in all these circumstances, we
have thought it justifiable to aim at a somewhat different form of report
than we might otherwise have produced.

THE WORLD ENERGY SCENE
9. An obvious basic, indeed pivotal, decision for us is whether we share

the view that nuclear power is not likely to be needed in New Zealand in
this century. That in turn will depend on our own judgments of what a
reasonable and justifiable demand is likely to be, and what means other
than nuclear power should be available to meet that demand over the
coming 22 years. But electricity is only one form of energy and it cannot be
considered in isolation from other forms. We, like most overseas inquiries
into electricity generation, have found it necessary to look at the world
energy scene, in particular at electricity, before turning to the local, and to
consider the different energy strategies which are open to New Zealand.

10. So in chapter 3 we survey briefly the world's energy consumptionand resources, and then the New Zealand situation. The "energy crisis"
resulting from the substantial rises in oil price in 1973-74 brought home to
the world the long warned of dangers of depending unduly on specificforms of energy, especially oil. The world will never run completely out of
energy, for its forms are multiple and inexhaustible; but mankind does, at
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least in the short term, face a most serious shortage of those forms of
energy that can be readily used at an economic price. It is on these forms
which the way of life of developed countries has very largely been built. In
the long term, new usable forms of energy (such as thoserelying on fusion)
may provide an abundance for everyone. Oil is at present the source of our
greatest concern.

11. In 1975 oil supplied 45 percent of the world's primary energy
including that used for electricity (Fox report, page 37). The chairman of
the UKAEA, Sir John Hill, has said recently that nearly three-quarters of
the world's effective energy input comes from oil or gas. These figures may
be questioned, but there is little room for doubt now that the world's oil
resources are being rapidly depleted, and although at the moment oil is
still readily available, it will not be for long. When exactly oil production
will peak, and demand overtake supply, is a matter of debate, but the
consensus of evidence given to us, and of the information we obtained
overseas, points to a probable date of between 1985 and 1990. From then
on oil could become increasingly expensive. Fresh discoveries could of
course prolong the period of availability, but new fields such as the North
Sea or Alaska would need to be discovered every 1 or 2 years to maintain
present patterns of consumption through to the eighties and into the
nineties. Many oil experts consider that by the year 2000 it will be
extremely scarce and will be likely to be used selectively, for example for
petrochemicals, rather than lavishly for transport.

12. The impending shortage of the world's conventional transport fuels
has led to an intense scientific search for economically priced substitutes;
for example, the conversion of coal or biomass into transport fuels, and the
like use of hydrogen which is limitless in the oceans. But at present, cost
proves the stumbling block, though we were told that South Africa has
had for a long time a pilot plant making transport fuel from coal and at
present supplying a small percentage of that country's needs at costs
reasonably comparable with imported oil. It has been so successful that a
decision has been made to build a substantial plant which, it is hoped, will
meet 30 percent of South Africa's predicted transport fuel needs in the
mid-1980s. South Africa has immense quantities of cheap coal which
make this possible. Other countries too have immense coal reserves
though possibly the extraction costs are higher. But New Zealand's coal
resources are not large and there are no liquid petroleum products yet
located, other than a small amount of condensate from the Kapuni and
Maui gas fields. Thus, New Zealand has a grave problem with fuel to keep
our transport moving in years to come. Many authorities think it the
greatest problem for the economies of all countries placed as New Zealand
is. The search for oil continues, with some hope of success. But if no
substantial field is discovered, New Zealand could be in a most difficult
position by the turn of the century. Any oil then available to us is unlikely
to be used for generating electricity. Such arguments lend strength to the
case for future nuclear generation in New Zealand.

13. The size of the problem is seen in all its seriousness when we know
that until very recently 60 percent of the country's total energy needs was
supplied by imported oil at an annual cost of close on $550 million. When
natural gas becomes more available, the proportion is expected to drop to
about 40 percent—still a most substantial and expensive percentage. We
add that if some heavy consumers of oil such as the United States and the
EEC countries are forced by internal or external pressures to abandon or
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delay their nuclear programmes, their demands for oil will most probably
grow. New Zealand's position as a relatively small buyer with little
economic bargaining power would then be even more precarious. The
present Minister of Energy, the Hon. G. F. Gair, has rightly made this
point in public statements.

14. The New Zealander, contrary to the beliefs of many, is not a high
total energy consumer. Our per capita consumption has been below that
of industrialised countries. Precise figures are not easy to come by, and are
often out-of-date, but it seems that our per capita consumption is about a
quarter of that of the United States, one-third of that of Canada, and not
much more than a half of that of Britain, Sweden, Denmark, and
Australia. It is lower than that of France, Japan, and Switzerland. It is
close to that of Italy. On the other hand, owing no doubt to the hitherto
cheap electricity from hydro sources, our per capita electricity
consumption has been among the highest in the world, being exceeded
only by Canada, Sweden, and the United States.

15. Nevertheless, many witnesses during our inquiry strongly criticised
the level of New Zealand's total energy consumption, seeing it as causing
much that is objectionable in modern industrial life. They would urge a
much simpler life-style. Some advocated a movement towards a
"sustainable" society, or a "conserver" rather than a "consumer" society,
by more efficient use of non-renewable resources, greater conservation of
energy (especially electricity), and more emphasis on developing
renewable resources, accompanied by simpler styles of life. They would
contrast the so-called "hard" technology unfavourably with the "soft"
technology of using renewable energy resources. Though most advocates
of such changes are academically qualified, intelligent people, we remain
unconvinced that most New Zealanders share their views. Even if it were
possible to gain a consensus that simpler life-styles are desirable social
aims, we were given little indication of how the aims could be achieved, or
of how society could be induced to change its values without prejudicing
the personal freedoms which these same witnesses so strongly advocated.
Moreover, we strongly believe that economic growth and energy
consumption (including electricity) are closely related. Most countries
have found that, as they become wealthier, the convenience of electricity
has attracted more uses. The United States is an example. An average
annual growth of 4 percent in the economy (in real terms) from 1964-74
was accompanied by a 6 percent a year growth in electrical production.
The British figures were 2.5 percent and 5 percent respectively, and for
the world as a whole, 5 percent and 7 percent. NZED and Treasury
figures tend to show that for New Zealand an annual 2.5 percent per
annum growth rate in real Gross Domestic Product (GDP) has been
accompanied by growth rates of about 5 percent in non-domestic
electricity consumption. In general, however, such relationships are
complex, and can change with time (see chapter 8)

16. The general pattern of past consumption has been interrupted and
perhaps permanently slowed down in many countries by the energy crisis
of recent years, which has, besides inhibiting economic growth, led to
campaigns to reduce consumption. The long-term effects of these
movements are still uncertain, but, as Terence Price in his The Balance ofUranium Supply and Demand said in August 1977, "Trends in the cost of
nuclear power, relative to fossil-fuelled generation, imply that it will
increasingly be the rational economic choice, if judged on the basis of
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energy economics. The hope it holds out in the longer term, of greatly
reducing the need for fuel-imports, will also make it strategically
attractive. But in some countries the desire to utilise indigenous resources,
to safeguard employment amongst coal miners, or to maintain diversity of
energy supply, may influence the choice—and thus add to the uncertainty
of nuclear forecasting".

17. Whether a continuing economic growth will improve the "quality of
life" as well as the economic standard of living is a matter of opinion, but
we would agree that some growth is necessary "to maintain employment
in increasing populations, to improve the conditions of the poor, finance
the cleaning up of the environment, and to maintain favourable positions
in international relations, particularly with regard to trade, balance of
payments, and defence". (Economic Growth in the Future, The Edison
Electric Institute, 1976).

18. Many of those who oppose economic growth talk about the world,
not as it is, but as they want it to be. But in a democracy such as New
Zealand, a Government has to face the realities of existing life-styles, and
the wishes of a majority. We have had this reality in mind when
considering the many "scenarios" constructed here and overseas to
demonstrate possible ways of life having low energy consumptions. The
"Maiden Scenarios" in particular are a most valuable contribution. They
themselves make it plain that they are not intended to say what should be
done, but rather to test and compare the possible consequences of
different policy choices. In the end, of course, as their authors recognise, it
is the public who will decide what life-styles they want. We remain
unconvinced that most New Zealanders are in 1978 ready to adopt a way
of life which is greatly differentfrom that which our society has enjoyed for
the last 30 years.

NUCLEAR POWER—ITS PLACE IN THE WORLD ENERGY
SCENE

19. Nuclear power is a relative newcomer to the world energy scene,
confined for many years almost entirely to military objectives. This early
and unfortunate association has bedevilled its later use for power
production, and is partly at least responsible for the cloud of suspicion and
distrust which envelops it today. Nevertheless, its use for power
production has grown remarkably, and is thought by most people
concerned with electricity production to be likely to climb during the rest
of this century. In chapter 4 we discuss nuclear fission, and the way it is
employed for electricity generation, touching on the extent of its present
use, probable developments in technology, and what use may be made of
it in the future.

20. Most New Zealanders are aware that a number of countries have for
some years used nuclear energy to produce electricity. Nevertheless, they
still view it as an emerging technology, novel and esoteric. They have no
clear idea of to what extent, and for how long; it has been used. They
know still less about its expected development. Electricity from nuclear
power was first produced commercially at Calder Hall in England in
1956. Since then, in many countries, 1400 reactor years of commercial
power have been accumulated, incidentally without a single accident
leading to a radiation-related disability to the public. But there has come
about in recent years a widespread protest against its use. This, with the
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recent economic down-turn in western Europe and the United States, has
resulted in few new orders for nuclear plant, some postponements of new
installations, and in some cases, cancellations.

21. Though this state of affairs has not been confined to nuclear plant,
some of the construction side of the industry has been affected by
pessimism—it has been described as "sick". Certainly it appears that
some earlier forecasts of growth were unjustifiably optimistic, making any
forecast of growth suspect. Nevertheless, it was our experience that the
officials and engineers responsible for delivering electricity to the nations
we visited were almost unanimous that nuclear power was a necessary
and irreplaceable source of the future energy for mankind in the short and
in the longer term.

22. To get the widest possible view of the world's nuclear scene—the
extent of its use at present and its plans for the future—we turned to the
records of the International Atomic Energy Agency (lAEA) of 1 March
1977. (Other figures obtained from the Atomic Industrial Forum (AIF)
detailed in chapter 4 are in places higher, because the information was
collected on different dates.) The following are assessments from the
IAEA records:

• 19 countries were producing electric power by nuclear means, from a
total of 197 reactors with an aggregate capacity of 88 248 MWe.

• 33 countries (including 18 of the 19 mentioned above) had plans to
extend their production, or to enter the field. There will almost
certainly be delays in planned construction, but the figures were
taken from committed programmes on which construction had
begun or for which at least letters of intent had been signed. The
aggregate planned was 564 reactors producing 428 597 MWe of
which 356337 MWe were expected to be available by the year 1984.

• Much of this will be developed outside the United States and British
programmes. The communist countries are moving rapidly to an
increased commitment. The Soviet Union had 26 operating reactors
producing 6616 MWe. Its formed plans are to expand to 57 reactors
producing 34816 MWe. The German Democratic Republic
(presently at only 879 MWe) plans to increase its output to 4959
MWe. The developing countries, too, are heavily involved. Plants are
operating in five developing countries. Twelve other developing
countries have nuclear plants under construction, or planned for
operation by 1985, with an aggregate capacity of 28000 MWe.

23. Planned programmes are not confined to the present types of
nuclear reactors. Despite the opposition to the Fast Breeder Reactor
(FBR) as promoting a plutonium economy, it is now increasingly
recognised as a logical and an acceptable development. Five nations are
now developing them—Japan, United States, Britain, France, and the
Soviet Union. Indeed, in France and the Soviet Union, liquid-metal
cooled FBRs are now entering their third stage of development with the
building of the French 1200 MWe "Super Phenix", and a Russian 1600
MWe project. Even in the United States, despite President Carter's
opposition to the substantial Clinch River programme, the FBR option
still appears to be open. The predominant opinion among the nuclear
power experts we met overseas was that, in the years to come, fuel
considerations will most probably make FBRs inevitable. In Britain, the
Royal Society considers that a credible nuclear policy must in the long run
be based on them. There is also the possibility of using thorium in reactors
of the breeder type.



35CHAPTER 2

International Conference on Nuclear Power and its Fuel
Cycle held at Salzburg in May 1977, the Director-General of the IAEA,
Dr Sigvard Eklund, summed up the future scene thus:

For the world as a whole the indicated ranges of nuclear power capacity are of
the orderof200000 MW(e) for 1980, 900000 MW(e) for 1990 and 1300000MW(e) for the year 2000. The share of nuclear power which is today less than

percent of electricity and less than 3 percent of primary energy will grow to
some 35 percent of electrical energy and 15 percent of primary energy by the
turn of the century.

In his closing remarks Dr Eklund asserted agreement between the
delegates present on these two points:

(a) In the short term nuclear power offers an immediate substitute for the oil
and gas used for electricity production and represents for many countries
deficient not only in hydrocarbons but also in coal resources, a
substantial alleviation of their dependence on foreign imports.

(b) In the longer term it holds out to the world a technologically mature
solution to its increasing energy needs and places a safety net under the
future development of mankind; for the ultimate potential of solar energy
remains difficult to assess and nuclear fusion is still at a laboratory stage.

25. These projected growths can all be affected by the flowing tide of
objections by people concerned, usually deeply, about the moral,
environmental, and health consequences of a nuclear programme. Such
opposition could more seriously affect the projected figures than has often
been allowed for; indeed, as we have already observed in chapter 1, the
chairman of the UKAEA, Sir John Hill, has said that "the problems of
nuclear power are not now engineering or technical, but problems of
political will and public acceptability".

Public Acceptability
26. Any Government, weighing the advantages and disadvantages of a

nuclear power programme, must of course take into account public
acceptability or lack of it. The subject was covered at length during our
inquiry, and full detail may be found in chapter 5. From the experience
gained from our hearings, interviews, and visits, we discuss contemporary
attitudes in New Zealand and overseas. Though it is difficult to identify
the moral and social implications of a nuclear power programme, we deal
with them in some detail in Part IV which is directed towards the
consequences of introducing nuclear power.

27. We have remarked earlier that the history of nuclear power is one of
official enthusiasm, early public acceptance or apathy, and then of rising
opposition. Especially when the environmental movement directed
attention to the wasteful use of global resources and to the high
consumption of energy in developed countries, nuclear power provided a
focal point for their arguments. Differing opinions held by eminent
scientists have not helped resolve the conflict in the public mind. Voting
in State polls in the United States, as well as opinion surveys there, show a
two-to-one majority in favour of nuclear power. In Canada an opinion
poll showed that nearly half the population knew little about nuclear
power, but of those who did, 56 percent thought it "worth the risks"
involved, with the rest divided between the undecided and the opponents.

28. In Britain, initially perhaps the leader in the new technology,
nuclear power at first seemed to be welcomed enthusiastically, and several
nuclear power stations were built in different places, in most cases after
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the holding of local public hearings. Partly because other forms of energy
later became available, no such planning hearings have been needed for
some years, until the 1977 Whitehaven Inquiry into the proposed
extension of the Windscale reprocessing plant made possible expressions
of present public opinion on nuclear power. We formed the clear
impression during our visit that in Britain there does not seem to be any
appreciable opposition from those living in the neighbourhood of nuclear
plants, and we noted the wide opportunities to communicate with plant
staff through local liaison committees. But there are certainly some
national environmental groups who object to nuclear generation, and who
question Britain's needs for more electricity, and there are those who are
worried by the moral issues arising from even the peaceful use of nuclear
power.

29. It is well known that opposition to nuclear power has recently built
up markedly in Sweden, West Germany, Switzerland, Austria, and
France, with varied, but usually delaying effects on planned construction.
At present the only European countries apparently able to proceed with
their nuclear programmes unhindered by public opposition seem to be
those of the communist bloc, most of which have substantial nuclear
programmes.

30. The only scientific sampling of New Zealand opinion about nuclear
power appears as a small part of a wider study of household energy
consumption. In this postal survey, only 24 percent favoured nuclear
power over oil-fired or coal-fired plants, though in a parallel survey of
engineers, 41 percent favoured nuclear power. In a small pilot study based
on Birkenhead and done in more detail, only 25 percent favoured nuclear
power. The most extensive effort to mobilise New Zealand opinion against
nuclear power has been Campaign Half Million whose petition attracted
333088 signatures.

31. Whether a numerical count of submissions to our inquiry is a
reliable guide to public opinion might be a matter of argument.
Numerically, they have been heavily opposed to nuclear power. Most of
the organisations which had sampled their members' opinions found very
little support for introducing nuclear power into New Zealand. They
considered it an expensive, dangerous, imported technology. However, it
should not be overlooked that, though New Zealand with no established
nuclear industries has no strong pro-nuclear lobby, it has a strong
environmental lobby.

32. On one significant point New Zealand opinion appears to differ
from that of many other countries. That is in the attitude of the trade
unions. In the United States trade unions have generally supported the
nuclear industry in various State initiatives as important for employment,
and as far as we can gather the same view is generally accepted by the
similar unions in Britain. But the New Zealand Federation of Labour
stated that it was firmly opposed to introducing nuclear power until it
could be shown to be "safe and not harmful to the environment". We
imagine that any Government would consider trade union opposition a
formidable factor to take into account in decision-making.

Information and Education
33. The origins of nuclear technology in weaponry did not for a long

time encourage free exchange and dissemination of information about its
peaceful uses. Recently, the opposite trend seems to be taking place,
witness the almost notorious detail and bulk of the widely-known
Rasmussen study on reactor safety. Articles, magazines, books, technical
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and popular, appear daily. Much of the writing is identified with one side
or the other of the nuclear controversy and so is suspect to those of the
opposing view. It has been our hope throughout that our inquiry would
stimulate the nuclear debate in New Zealand and help clarify the issues
for the public. The way that participants in the hearings established
communication with one another and exchanged opinions was greatly
encouraging. We have, however, as we remark in chapter 1, been
somewhat disappointed by the reporting of the hearings by the news
media. Such reports as were made seemed insufficient to allow the New
Zealand public to get more to grips with the mass of objective information
at present available about nuclear power.

34. We heard various suggestions about possible public discussion
programmes, and discussed their worth with people who have been
promoting and running similar programmes in many countries overseas.
We are left with reservations about the effectiveness of such methods of
informing and involving the public. But we do see a positive need for more
and better balanced education on energy matters, and especially for
nuclear power to be discussed and taught in its proper place as one aspect
only of the total energy scene, not as a separate isolated subject. Only if it
is seen in such a setting and weighed along with its alternatives, can the
educational process be of value. We believe that discussion programmes
are more effective when they are based on small groups rather than on
large formal debates. In Austria recently an ambitious attempt to promote
wide public interest and education by formal debates proved
disappointing. It was hard to find suitable participants and to get full and
objective reporting. Such schemes can easily polarise opinion, and too
often only the sensational parts are reported in the media.

THE CASE FOR NUCLEAR POWER IN NEW ZEALAND
35. As we have noted earlier, official attitudes towards the case for a

nuclear power programme have changed considerably since we began this
inquiry. Until recently the official forecast of electricity demand was
49774 GWh a year in 1990, with perhaps 80 400 being needed by the end
of the century. The shortfall in generating capacity in 1990 was likely to be
1200 MW. With no clear indication that this could be met in time from
alternative indigenous resources, and with nuclear power being a
commercially proven technology, an early "decision in principle" for a
nuclear power programme was thought desirable. The proposal came in
for much criticism, and, with the forecasts on which it was based, was
considerably modified. In chapter 6 we discuss the 1977 CRPR forecasts
and the changes in the NZED proposals—especially the reduction to a
generation figure of 60-70000 GWh a year for the year 2000, and the
replacing of the request for an early "decision in principle" with a case for
preparing for a nuclear power programme should that ever prove to be
necessary.

36. In chapters 7 and 8 we reach the point where we must make the
pivotal judgment of whether, despite the changes in general, and present
official, viewpoints, nuclear power is, or is not, likely to be needed in this
country in this century. That judgment requires as a preliminary step a
survey of present generating capacity, patterns of consumption, the
indigenous resources likely to be available, and their ability to meet the
officially projected growth in demand. We outline now, as simply as
practicable, our main considerations and conclusions on these matters.



38 CHAPTER 2

Electricity Generation in New Zealand
37. At 1 July 1977, New Zealand's estimated generating capacity was

5324 MW (3488 MW hydro, 1836 MW thermal), and the estimated
energy consumption for the year 1977—78 was 22080 GWh (16356 GWh
hydro and 5724 GWh thermal). The actual net energy generated in the
year 1976-77 was 20915 GWh. Present patterns of consumption
correspond to an annual load factor of 59 percent. (Load factor is the ratio
of the average power demand to the peak power demand in any year.) At
the moment, base load amounts to about 60 percent, intermediate load to
about 37 percent, and peak load to only 3 percent of the energy output.
The generating capacities in the different categories are about 45 percent
base, 35 percent intermediate, and 20 percent peak load plant.

38. Two official 1977 forecasts for the years up to 1991-1992 have been
made, the more rapidly growing of the two giving 47664 GWh with an
estimated generating capacity of 11087 MW for that year. The 1977
PCEPD plan is based on this more rapid forecast. When fully completed it
should be capable of supplying 49000 GWh a year, the corresponding
generating capacity being 11422 MW. But irrespective of the date when
the existing plan is completed, the prime concern of the Royal
Commission is with developments beyond that date, and, as our terms of
reference relate solely to the introduction of nuclear power, our inquiry
must be orientated towards the introduction and type of further base-load
plant, because nuclear power, though suitable for base load, is in its
present development, not really suitable for intermediate and peak loads.

39. Looking beyond the 1977 plan, it is conceivable that there could be
another 40000-42000 GWh a year available by the end of the century,
6000 GWh from North Island coal, 6000 GWh from South Island coal,
13000 GWh from hydro, 7000 GWh from geothermal, 3-4000 GWhfrom
small hydro, and 5-6000 from a number of other sources (see chapter 7).
It is unlikely, however, that all of this could be developed by the year 2000
even if it were needed. For these later years the MWD put forward an
accelerated feasible plan to develop the 20000 GWh of hydro and
geothermal power, considering that this was all that would be realistic.
This programme could only be completed by the end of the century if
there were no major environmental objection, and if the necessary
manpower and finance were provided. It could result in some over-
capacity in the earlier years of implementation.

40. For the years beyond the existing power plan (that is beyond 1992),
the alternatives to nuclear seem to us to be either geothermal or coal.
Because it is ideally suited for intermediate and peak load, hydro power
should in the future preferably not be used for base load if there is a
suitable alternative. The MWD programme is capital intensive, but the
resulting unit cost of electricity from the geothermal plants is considered
by the NZED to be 1.6 cents per kWh, and from the hydro plants 2.5 cents
per kWh, which may be compared with the NZED estimate of 2.9 cents
per kWh as the comparable nuclear cost.

41. A longstanding difficulty in the way of extended use of geothermal
power is disposing of the waste water containing noxious substances
brought up from underground. It appears that the problems of disposal
may-have now been solved. The water can be either treated and disposed
of in natural waters, or (probably the more satisfactory choice) injected
around the perimeter of the geothermal field. In either case the cost is only
about 5 percent of the total cost of the electricity produced. Considered
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purely as "mines" for hot water, the geothermal fields can be regarded as
renewable for periods of at least 100 years, perhaps longer.

42. As we have said, the NZED estimate of demand for the year 2000 is
now, allowing for uncertainties, 60-70000 GWh. The MWD programme
could just meet the upper limit of the forecast but may have to be
supplemented by another Cook Strait cable and associated further
development of the North Island coalfields. This could be done. But major
development of the coalfields is limited by technological, environmental,
and skilled manpower factors. Although coalfields could probably meet
needs to 1992, coal-fired base-load stations using indigenous resources
cannot be regarded as an alternative to nuclear power up to the turn of the
century. The most promising indigenous alternative is, in our view,
geothermal power.

43. We do not see further discoveries of natural gas providing a suitable
alternative for base-load generation, although such stations could perhaps
be built as combined cycle plants for intermediateloads, or as total energy
systems. Nor do we see unorthodox sources—wind, waves, biomass, or
solar radiation—making a significant contribution before the year 2000.
New Zealand's low tidal ranges make the possibility of using tidal power
negligible.

44. After the year 2000, there could be yet further contributions from
hydro, geothermal, and coal. However, the use of coal for electrical
generation would have to be carefully weighed against other possibly
better uses, especially to replace oil for process heat in industry and for
conversion to liquid fuel. For intermediate load, wind power is a
possibility, and discovering further oilfields could contribute significantly.

45. It is doubtless possible, as we say later, that the levels of
consumption by the year 2001 could be substantially less than 70000
GWh a year. This would leave significant known reserves remaining. So
in our view, with all suitable coal and geothermal resources in use
(including others additional to those mentioned), it could be about 2005-
2007 before an operating nuclear plant would be needed (see chapter 15).
But beyond this time, considering that then existing base-load plant such
as Auckland No. 1 and 2, Huntly, and perhaps even certain South Island
hydro must be replaced as base-load units, the need for nuclear power
becomes then a very real possibility.

46. It is not for us to construct a future overall energy policy for New
Zealand. Such a policy is presently being considered by the Minister of
Energy aided by a committee of officials. Nevertheless, as we have already
indicated, because the case for nuclear power is founded entirely on an
alleged need for further electricity generation in the future, we believe it
essential that we investigate the most suitable means for reaching the
production needed, the extent of local resources, and how they can best be
husbanded. In this, we have had unavoidably to impinge on matters of
general energy policy. We hope that our thoughts will be of some help to
those who have to frame policy.

47. Certain steps can be taken to face the projected future. Summarised
they are:

• For the moment planning should be based on the assumption that
about 70000 GWh (a figure later discussed and confirmed in this
overview) could be needed for the year 2000. This figure could
change as future trends become more apparent.
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• The programmes of coal exploration and investigation of geothermal
potential should continue to be accelerated.

• All necessary financial and manpower resources should be made
available as needed to implement the MWD hydro and geothermal
programme.

• There should be a complete demonstration, associated with the
Broadlands geothermal project, of the adequate disposal of waste
geothermal waters.

• The potential of unorthodox sources such as wind, wave, solar, and
biomass should be continually investigated and surveyed. It is
recognised, however, that developments in these areas primarily
depend on overseas technological progress.

• Nuclear power should be retained as an option for the future with a
possible commissioning date of 2005-2007 in mind. This timing may
need to be revised as future trends become more apparent.

48. It is to be noted that these conclusions receive support from the
FFGNP which, in a careful and extensive survey of New Zealand's
resources, believes that, if they are fully developed, they could provide
70500 GWh a year by the year 2000. The report stresses that to achieve
these figures, electric power development must be given high national
priority, and that the figure of 70500 is probably the upper limit of what
could be reached by orthodox methods of generation. Indeed, because of
the huge effect of such a programme, the FFGNP considers that it might
be difficult to reach, or even approach, the potential figure. As already
implied, the MWD considers that similar figures can be reached by 2000
by adding more geothermal and hydro stations to the production set down
in the 1977 power plan. It adds no fossil-fuelled stations beyond those
specified in the plan, nor does it allow anything for unorthodox forms of
generation. It, too, emphasises that these figures could be reached only if
the necessary resources of manpower, time, and finance are made
available. It considers that there is a reasonable expectation that the
manpower resources could be found without introducing serious
imbalances in the national construction industry, but it is doubtful if the
programme could be further accelerated. The NZED, though accepting
that full development of indigenous resources could meet its projected
consumption figures of 60-70000 GWh a year, thinks that development
unlikely because of environmental and feasibility restrictions.

49. We agree that attaining a capacity of about 70000 GWh a year will
depend mainly on the resolution of the country to do it and on the priority
given it. We believe that it can be reached by extending our geothermal
and hydro potential, though (as we discuss in chapter 7) some increased
use of domestic coal reserves will be necessary, and we do not overlook the
forceful exposition of the special difficulties in the way of increased coal
mining given by the Secretary of Mines, Mr I. D. Dick. Certainly it will
call for resolution. The provision made by the Government in its 1977
budget statement setting up an intensified programme of geothermal
investigation, and coal and petroleum exploration, indicates an
understanding of the problem, and a resolve to ascertain the extent of our
resources and to develop new ways of making energy available.

50. We believe that nuclear power is unwarranted in New Zealand until
at least the end of this century. Doubtless the introduction of nuclear
technology, with its demands for new skills and quality assurance, could
stimulate and develop our manufacturing sector, an important
consideration in a world where exporting is highly competitive. But
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whatever the advantages of introducing nuclear generation, there are at
this time decided advantages in delaying its introduction. The technology
is going through intense activity and development. Improvements in
design and construction of established forms, are emerging. The FBR is in
the stage of exploitation in several countries. Thorium may prove to be a
more acceptable and more abundant fuel than uranium. Nuclear fusion
presents exciting possibilities for the future. Moreover, the industry,
presently facing articulate and widespread opposition and meeting rises in
the capital costs of plants, is accepting standardisation along with the
need for improvements in quality and safety. Finally, but most
importantly, there are uncertainties in the supply of fuel and the disposal
of waste. A satisfactory fuel supply must be reasonably certain before the
unavoidably large capital investment of a nuclear programme could be
justified. Shortages and steep price rises, as well as the political attitudes
of supplying countries, could also present great difficulties in the future.
The problems of final high-level waste disposal are being studied, but
have not yet been demonstrated to be successfully solved though it is likely
that they will be. Clearly the balance of argument is heavily on the side of
postponing a decision.

51. But whether New Zealand can do without nuclear power does not
depend on governmental action alone. To achieve that, the people of this
country will have to accept the environmental consequences of enlarged
programmes of hydro, geothermal, and coal development. The present
levels of electricity production will not meet the needs of the years ahead.
Further generating capacity must be installed. In the choice of the form of
generation, nuclear power should be judged on its own objective intrinsic
suitability and desirability; it should not be justified by fears of shortages
brought about by subjective opposition. Nevertheless, the attitudes
adopted by some organisations and witnesses during our inquiry oblige us
to say quite firmly that unreasonable obstruction to the environmental
impacts which the enlarged hydro, geothermal, and coal production will
necessarily entail, could make the adoption of nuclear power inevitable,
perhaps even in this century. This situation was not, in our view, always
sufficiently faced by opponents of nuclear power who attended our
inquiry, especially by environmental groups. On the other hand, we were
impressed by the fact that comparable groups in Britain and the United
States realised better the force of what we are saying—that unreasonable
opposition to developing additional generation by conventional means
could result in the case for nuclear power being made overwhelming,
through the existence of unsatisfied demands which the opposition itself
has helped to create. If New Zealand wants more electricity, and we are
sure it will, some environmental price will have to be paid.

Future Electricity Consumption
52. Is the official figure of 60-70000 GWh a year by the year 2000 a

reasonable estimate of the demand of that time? We have thought it
necessary to attempt our own estimate (chapter 8), primarily to
understand the problems and assumptions involved. In doing this we
have been guided by the methods used by the NZED, but we have tried to
give our own tests of the validity of the departmental estimates. We have
broken down the potential and likely market into its various economic
sectors, and sought to estimate the growth and extent of the future sector
demands. In so doing we have specifically considered end use, probable
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growths of population, involvement of industry, and possible changes in
life-styles, including an increased desire for space heating and cooling. We
have also taken account of the probable effects of conservation and
substitution, of the contribution from combined heat and power
generation, from the substitution of one source of energy for another, and
the adoption of some still largely undeveloped forms of energy use such as
district heating. In the end we estimate that electricity consumption for
the year 2000 should be in the range 50-70000 GWh a year, and that the
most likely demand which must be met by the NZED is about 60000
GWh, though planning should take into account an upper limit of 70000.
All this is very much in line with the NZED forecast.

53. All methods of forecasting future markets or consumption are
suspect for each must make assumptions which may or may not prove to
be correct. Nevertheless, because at this point we are at the heart of any
examinationof the need for nuclear power, we think it desirable to recount
here the more important of the factors and calculations which give rise to
our estimates, (for detail see chapter 8).

54. The present pattern of electricity consumption by economic sectors
is: domestic, 45 percent; commercial (including public services, etc.), 15
percent; total industrial, 40 percent; and transport almost nil. During
1969-76 the large industries (that is the forest-based and metal-smelting
industries) were responsible for 42 percent of the increment in
consumption. However, it is believed that this sector's share is likely to
decrease rather than increase by the end of the century.

55. The present pattern of consumption by end use is: low-grade hot
water, 30 percent; space heating, 9 percent; high-grade heat (other than
specialist applications in industry), 7 percent; and "fixed", 54 percent.
(By "fixed" we mean that there is no really suitable alternative to
electricity.) This value for the fixed component is considerably higher
than often stated. The practical acceptance of various conservation
techniques would at present probably lead to only about a 15 percent
saving. The MER claims that even by 1990-91 conservation techniques
are likely to lead to only a 10 percent saving. The use of electricity to
produce low-grade heat in industry appears to amount to only about 5
percent of the total electricity used by industry, and in the case of high-
grade heat it is only about 16 percent, apparently used for specialist
purposes.

56. A major problem in forecasting future demand is the inadequate
identification of potential markets. The domestic sector has been
extremely well researched, even down to consumption by individual
household appliances, but the same cannot be said of other sectors. It was,
however, apparent from cross-examination that both past and present
work by the NZED and the NZERDC is quickly correcting this
deficiency. The use of electricity in the large industries and the transport
sector is, of course, well defined; but in the commercial and otherparts of
the industrial sector, mathematical models appear to be necessary. It is
well recognised that automation could lead to significant growths in
demand.

57. In the domestic sector, space heating is of most concern. Though
most New Zealanders are at present satisfied with a low level of comfort
heating, demands for more heating are expected to grow rapidly.
However, subject to certain qualifications, we do not see this as of great
importance, for, as the demand increases, certain conservation techniques
will become economically attractive. Insulation and the use of heat pumps
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are two of these, and in the long term, district heating is a possibility. In
the end, of course, there will be only an apparent rather than a real saving
in electricity, if all it results in is merely increased comfort.

58. Of these conservation practices, insulation is already economic, but
heat pumps are not, though they would be, even now, if North American
levels of thermal comfort were sought here. There could be many heat
pumps in New Zealand by the end of the century, curbing the demand for
electricity for space heating. In situations (especially in the commercial
sector) where heat pumps are likely to be economic, we think they should
be encouraged now. Although this may not lead to immediate savings, it is
essential that an adequate sales and maintenance service should develop
to support a large domestic market if and when this should occur. It
would be unfortunate if heatpumps were rejected by the public because of
inadequate servicing.

59. Air conditioning, in the form of summer cooling, appears to be
unwarranted in New Zealand in the domestic, but possibly warranted in
the commercial sector. At present the economics of solar hot-water heaters
are uncertain, and further studies are being made. Obviously their
economic comparisons with other fuels would improve if the price of
electricity should be raised to near marginal costs, or the installation costs
of solar heaters decrease substantially. Their future certainly appears
promising.

60. Considering reserves of natural gas, we estimate that at most about
4500 GWh a year or less is likely to be saved by 2001 by substituting gas
for electricity. Very recent announcements about increases in those
reserves wouldcorrespond to only a 13 percent increase in the figures used
in chapter 8. However, to be economic, gas must be used for two out of
three functions of cooking, space heating, and water heating; and to save
4500 GWh a year, at least 300 000 houses (out of New Zealand's
estimated 1.6-1.7 million by 2001) must have gas laid on.

61. In industry the first essential for saving electricity is good
housekeeping. Tariff structures can help in this. The combined
production of heat and power should be encouraged, although as this is
capital intensive, governmental incentives may be necessary. We estimate
that by the year 2001, the demand on NZED generation could be reduced
by such practices by 3000 GWh a year. We also believe that there must be
more attention paid in architectural design to passive techniques of energy
conservation in all sectors.

Our Appreciation of Future Demand
62. Past patterns of growth and consumption lead to an estimate that

New Zealand could need 68000 GWh of NZED electricity supply for the
year 2000. The figure is based on present rates of population growth, and
a 3½ percent per annum rate of increase in real GDP, this being the upper
limit suggested for New Zealand over the next decadeby the OECD. This
68000 GWh may be broken down by sector: 26000 GWh domestic,
28000 GWh total industrial, 11000 GWh commercial, and about 3000
GWh transport. Present plans for the large industries could result in this
figure being about 4000 GWh too high. If this were so, our base figure
would reduce to 64000 GWh for the year 2000. But an increase in the rate
of change of real GDP to 4 percent, with a corresponding increase in
population, could return it to about 68000 GWh.
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63. We recognise that certain possible large-scale movements could
reduce the lower base figure of 64000 GWh considerably, even down to
50000 GWh. As we have said, the use of gas in 300000 houses could save
4500 GWh. Industry producing some of its own electricity by total energy
systems (TES) could save 3000 GWh. From "in-house" production, there
could be a saving in the transport sector of 1500 GWh, and a further
saving of 1500 GWh by using solar water heaters. Improvements in
transmission could save about another 1000 GWh. Furthermore, real
price rises over the next 20 years could curb demand in an absolute sense
by about 5 percent. In total there could be a reduction of about 14000
GWh. Even further savings could be stimulated by an increased use of
TES in industry, and by adopting other techniques of economic
conservation in all sectors.

64. We believe that conservation techniques are unlikely to succeed
unless they demonstrate a well-defined economic advantage. Thus, the
public must be made plainly aware of the magnitude of the advantage.
The examples deserving encouragement are especially household
insulation and heat pumps.

65. In arriving at our initial figure of 68000 GWh we made the
following assumptions: (a) that the pattern of use of electricity in the
industrial sector for producing process heat will be virtually no different
from that of today; and (b) that there will be no major developments in
the electrification of the private transport sector, although the public
sector was allowed for. If much private transport should be electrified, we
would think it desirable to use present (and if need be introduce new) oil-
fired power stations. It wouldresult in a more efficient use of primary fuel,and the capital cost of such stations is low; they can be built relativelyquickly, and respond quickly to demand. Nuclear power does not need to
be introduced for this purpose at least initially. For these various reasons,
we believe 50000-70000 GWh for the year 2000 to be a reasonable
estimate of the range of possible demands.

66. Our higher base figure of 68000 GWh is very much less than the so-
called historical value of 124000 for the year 2000, which projections of
past growth would imply. It became apparent during the inquiry that
"historical" rates of growth really only apply to the periods during which
they occurred. Nevertheless, if all houses end up being all-electric, and all
are heated to suggested levels of thermal comfort by electrical resistance
alone, and if the transport sector is completely electrified, then the figure
of 124000 GWh might well prove to be accurate. At the present time,
however, one can detect signs of saturation in all sectors apart from
transport (where negligible electricity is at present used). Further
analytical studies could help much to clarify this aspect. Again, our figure
of 68000 GWh for the year 2000 falls within the NZED range of 60-
70000 GWh. This is not surprising as we adopted a similar approach,
though we tested the assumptions and limitations in a somewhat different
way.

67. Finally, we mention the steps which we would like to see adopted
now in relation to future electricity consumption:

(i) The use of heat pumps should be encouraged wherever a distinct
economic advantage can be shown.

(ii) As a minimum all houses should have ceiling insulation of one
form or another.

(iii) The use of electricity for producing process heat in industry
should be constantly monitored.
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(iv) Space heating (with particular emphasis on the criteria for
thermal comfort) should be exhaustively studied.

(v) Analytical techniques for forecasting and predictions should be
further developed. Although these may give incomplete views
or inadequate analyses, they could be very sensitive indicators
of departures from past patterns of consumption.

(vi) Every encouragement short of coercion (which we believe to be
unnecessary) should be given to adopting economically viable
techniques in an attempt to limit demand on NZED
generation. If demand can be reduced to about 50000 GWh
for the year 2000, New Zealand should enter the next century
with a surplus of resources. It would then have many options
open to it.

Conclusions
68. It is our view then that, subject to certain conditions, nuclear power

is not justified for New Zealand until about the turn of the century, or
even perhaps later. But this does not mean that a decision to adopt or
reject it can with certainty be postponed until the year 2000. In the course
of our overseas study we discussed the lead times (the period between the
decision and the coming on stream of a nuclear station) with a number of
utilities and construction firms presently engaged in nuclear work. Owing
in no small part to the opposition of environmentalist and other groups
opposed to nuclear power, the lead times have recently been considerably
extended in all except communist countries. Little opposition is reported
in the communist bloc to their substantial present and projected nuclear
programmes. Many power plants now being built in the non-communist
world are years behind their schedule dates. The advice which we
received from many places (including the IAEA and the International
Energy Agency (IEA) ) is that in a country like New Zealand, which has
not already begun a nuclear programme and where opposition to it is
likely to arise, a lead time of 15 years should be allowed for. The NZED
also suggests 15 years as an appropriate period. If this be accepted, then it
is all the more clear that consumption and production figures must be
constantly watched, as indeed they are. Moreover, it also follows that the
question of nuclear power or not should again (as we have already
indicated) be considered in depth before too long, say no later than 1985.
Furthermore, we believe that the Government should, as the PCEPD
urges, take the necessary steps to ensure that New Zealand maintains and
updates its knowledge of nuclear generation as well as evaluating and
proving alternative means, so that it is to that extent qualified to avail
itself of the nuclear option should it prove desirable. The MWD, the
MER, and the NZED share this view.

69. Of course, it could be argued (though it was not) that even though
nuclear power may not be necessary to meet our demands up to the end of
the century, nevertheless nuclear generation has such advantages (for
example, in cost and convenience) that it should, to meet the demands, be
preferred now to further reliance on those conventional present or

available methods of electricity generation. For reasons which we detail
later in discussing the consequences of a nuclear programme compared
with the consequences of alternatives, we are far from the view that, in this
decade of the 20th century, nuclear power has advantages for New
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Zealand which markedly outweigh its disadvantages. Indeed, as we have
said, we believe that the balance of considerations heavily favours
delaying its introduction for as long as is reasonably possible.

70. We conclude then that in these circumstances nuclear power should
only be adopted if there is no really satisfactory alternative, or if it is
shown to be so much better for New Zealand than other methods of
generation that to reject it would be unwise. Neither of these situations
exists now. But things could change in the not too distant future, when, as
is confidently expected by scientists overseas, many of the contemporary
difficulties and disadvantages of nuclear power generation will have been
overcome. Nuclear power could, indeed, well prove in years to come to be
a cheaper, more efficient, and wiser choice than using much of our
remaining hydro and geothermal potential.

Maintenance of the Nuclear Option
71. We have said that no one now asks for a recommendation that

nuclear power should be made available before the year 2000. When this
inquiry began there was some advocacy, especially from the MER and the
NZED, for a "decision in principle" to be made quickly. The phrase
seemed to us an unfortunate piece of administrative jargon of uncertain
meaning. It soon became clear that it meant different things to different
people. To some it clearly implied a substantial but undefined degree of
final decision and commitment; to others it was less final. However, the
MER and the NZED eventually conceded that no decision in principle in
the sense of any commitment need be taken at this stage, though both
stressed that New Zealand must keep itself continually informed about
nuclear development. Specifically, the NZED asked that we endorse
preparatory steps which would keep it informed about nuclear energy and
its application to New Zealand. These were:

(i) Monitoring world activity in unresolved areas (for example,
waste disposal facilities, the development of multinationalfuel
cycle centres, uranium availability, cost escalation).

(ii) Studying other important developments in nuclear energy (for
example, new technologies, standardised designs).

(iii) Establishing the viability of reactor sites in New Zealand.
(iv) Investigating in a New Zealand context the disposal of

radioactive wastes, including spent fuel.
(v) Sending staff overseas for training in nuclear technology to

maintain a small core of staff with a suitable depth of
knowledge and experience.

(vi) Actively promoting understanding and discussion of the issues
associated with nuclear power and energy in general.

We view these activities as being in line with the recommendation of the
PCEPD that New Zealand should maintain and keep up to date its
knowledge of nuclear generation—a recommendation which we support.
We think it appropriate that the NZED should pursue these particular
activities.

72. Two other preparatory steps were recommended as desirable for
any future nuclear programme should that prove to be needed: that a
research/training reactor be bought; and that there be a "timely"establishment of a licensing authority to which, if it were decided to begin
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a nuclear programme, application could be made for licences to build and

run a particular station. The first of these was raised in two different
contexts. The New Zealand Institution of Engineers favoured an early
purchase for training purposes independent of a decision to proceed with a
nuclear power programme. The MWD, NZED, and the DSIR on the
other hand saw the purchase of this form of reactor as part of a nuclear
power programme already decided upon, arguing that it would give
incentive and opportunity for the preliminary administrative steps to be
undertaken without the pressure of dead-line dates. In that context the
plant would not be bought until after a firm decision-to adopt nuclear
power had been made.

73. On our overseas investigations we inquired at research institutions
whether a training reactor was worth its high cost. Almost invariably the
response was unfavourable. We were told, even in places where research
reactors were operated, that they had little value for training, certainly
before a firm commitment to nuclear power, unless the institution could
do, and did do, original nuclear research. Otherwise nuclear scientists of
ability would quickly lose interest, as such things as making isotopes and
sterilising pharmaceuticals are not enough to maintain it. Greater training
value seems to come from sending scientists overseas to the great centres
of nuclear research and engineering. A cadre of about 5 or 6 trained
scientists and engineers are needed to start a nuclear programme, and a
larger number must be trained to ensure that this many are always
available. Training is costly, but the cost is small compared with that of
trying to start a programme without sufficient local expertise.

74. Although a research reactor could possibly have some value even
now for training purposes and for educating the public in the nuclear
debate, we remain unsatisfied that it would be presently worthwhile here.
Moreover, there is little doubt that the opponents of nuclear power would
see its purchase as indicating a firm intention to follow the nuclear path.
But if and when a firm commitment to a nuclear programme is made, a
training reactor could possibly be justified. However, we have no
sufficient evidence to convince us that that will be so, and we prefer to
leave the question entirely open to be dealt with in the light of future
circumstances.

75. We take a like approach to departmental requests for the "timely"
establishment of a licensing authority as essential to prepare for any
introduction of nuclear power. If by "timely" the departments mean
establishing such an authority in the near future, we would not favour it as
it is unnecessary at present. Opponents of nuclear power would certainly
see the setting up of such an authority as a step in a firm commitment to
nuclear power. But if (as we think clearly emerges from the evidence of the
NZED's Chief Engineer—Development, Mr K. D. McCool) all the
departments ask is that a regulatory authority be set up soon after a firm
decision on a nuclear power programme is made, without prejudicing the
decision or the timing of it, then we would agree that it would be a
necessary early step so that the authority could give guidance and rulings
from the start of planning.

76. Chapter 13 discusses in detail suitable regulatory and
administrative procedures for a nuclear programme, and draws attention
to the basic principles of setting up a licensing authority, even though
such an authority is unnecessary at this stage. Chapter 13, too, mentions
the help in the matter that can be obtained from the IAEA, which has



48 CHAPTER 2

already assisted other countries in setting up regulatory and licensing
processes. The IAEA Secretariat in Vienna has said that it would be
prepared to send a task force to New Zealand for this purpose, and
furthermore, that it would help hire experts to act in a licensing authority,
either as members or as advisers, until New Zealand can train its own.
The advantages of these services could be kept in mind.

LIKELY CONSEQUENCES OF A NUCLEAR POWER
PROGRAMME

77. Though we conclude that an early final decision on nuclear power
cannot be justified, our Warrant obliges us to consider and report on the
likely consequences of adopting it for electricity generation. In Part IV the
consequences, as they now appear, are discussed. But we must stress that
these consequences are being constantly affected by further scientific
discovery and invention, by engineering developments and experience,
and by changing political and social attitudes. So much so that even if a
decision were made now, there must be over the lead time (at least 15
years) which would elapse before the first nuclear station could be
operating, many significant changes in technology which could alter those
very consequences—for example, a final solution to the high-level waste-
disposal problem. If the decision is postponed, as we suggest, there are far
greater probabilities of change. So though Part IV deals with these
consequences at quite some length, a more summary treatment is given in
this overview.

Environmental Consequences
78. It is not surprising, given modern concern about protecting natural

environments, that there was much argument during the inquiry about
the environmental effects of a nuclear power programme. Chapter 9 deals
with the effects on the physical environment. Chapters 10 and 11 deal
with the impacts a nuclear programme may have on human beings.

79. In debates about nuclear power it is too often overlooked that
environmental changes result from the generation of electricity whatever
the means adopted, be it from fossil fuel, hydro, or any unconventional
method. The changes may be seen in land use, water resources, air
quality, noise and visual impact, and in social conditions. So always a
comparison of methods should be made. In chapter 9 we include a study
prepared by the MWD comparing the likely impacts of nuclear and hydro
stations. Though long, it is novel and most valuable. Which method is
preferable depends largely on matters of opinion influenced by the
standpoint from which each is regarded, or the particular aspectconsidered to be important. The difference between the two in
environmental terms is not as marked as might have been expected.

80. Siting is a major aspect of any decision on nuclear power, and has a
special bearing on environmental effects. The site must meet a number of
stringent geological and engineering conditions. We observed while
overseas that near urban siting is not unusual. Public safety is thought to
be protected by high standards of design and construction rather than by
the remoteness of the site. A New Zealand installation would probably be
on a coastal or estuarine site with low seismic susceptibility. Most nuclear
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reactors overseas are built in areas where the seismic risk is considerably
lower than that of most parts of New Zealand where no part of the country
could be considered free from the possibility of a large earthquake. This
country, with its record of earthquakes and volcanic eruptions, must pay
greater attention to detailed geological considerations in site selection if
only because the level of seismicity varies considerably over the whole
country. Though certain preliminary work has been done towards
selecting sites most suitable from a seismic point of view, up to now no
really suitable site has been located. The Geological Society of New
Zealand is by no means certain that one will ever be found. However,
nuclear reactors have been built in Japan and California, both highly
earthquake-prone regions. There, geological factors have dominated site
selection, and strict codes covering selection, and reactor construction, are
enforced. New Zealand would need to do the same.

81. It goes without saying that, in the event of a nuclear power
programme in New Zealand, arrangements must be made for the
management of radioactive waste. This is discussed in detail in chapter 9.
Chapter 4 discusses the origin and nature of this waste. Intermediate- and
low-level wastes could be managed locally in accordance with procedures
described to us overseas. It is unlikely that a New Zealand programme
would justify the establishment of a fuel reprocessing plant to extract
plutonium for reuse in the fuel cycle. We believe quite firmly that before
any decision is made to establish a nuclear power plant in New Zealand,
suitable arrangements for the disposal of high-level radioactive waste
must be convincingly demonstrated. We share this view with the Flowers
report.

82. The problem of dealing with a nuclear power station at the end of its
effective life (about 30 years) must be regarded as another aspect of waste
disposal. Decommissioning presents three prospects: lock up with
surveillance ("mothballing"); conversion and restricted site access
("entombment"); and unrestricted site access ("dismantling"). It should
be stressed that no large nuclear station has yet been decommissioned
anywhere. Nevertheless, one can say that the cost of the process will be a
further charge on any programme (see chapter 14). The plan, and
financial provision, for decommissioning should be laid down at the time
of the initial planning of the siting, design, and construction so that the
ultimate environmental impact of the decommissioned facility is thought
through and felt to be acceptable.

83. Today many eminent scientists are drawing attention to the
possibility of a large global increase in the thermal generation of electricity
bringing about major changes in both local and world climates. Changes
may occur in two ways: by the emission to the atmosphere of waste heat
from nuclear parks; and, especially, by the emission of carbon dioxide and
particulate matter from fossil-fuelled stations. Levels of carbon dioxide are
expected to double early next century, and theoreticalcalculations predict
a rise of several degrees in global temperatures. The effects on climateand
sea level could be disastrous. But this area of possible grave danger is at
present inadequately understood, though steps are being taken, especially
in the United States, to increase research efforts. It may well be that in
future years findings from these investigations will materially influence
the choice of methods of electricity generation.
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Moral and Social Implications
84. Many people were concerned with the moral and social implications

of a nuclear programme and its consequences. Such concern will, we
think, increase. Chapter 10 discusses these moral and social issues, though
they are not easy to identify, and are almost impossible to quantify. The
moral implications raised by the submissions related mainly to possible
links of nuclear electricity with weapons development; to the issues of
prodigal and unequal use of the world's resources; and to the legacy of
radioactive waste left to future generations.

85. Although the origins of the peaceful nuclear technology are to be
found in the same scientific research which led to nuclear weapons, the
extent of present connections between the peaceful and military uses of the
power from the atom are less readily established. Some witnesses
contended that New Zealand, if it were to reject all nuclear technology,
including nuclear generated electricity, would set a moral example to the
rest of the world. We doubt that many people in other countries would so
view it. The general issues involved in the increasingly large use of energy
(electricity in particular), the depletion of global resources, and the whole
matter of waste disposal, are all discussed elsewhere in this report.
However, as these raise pointed moral issues, it is important to realise, as
we have said, that all methods of generating energy make demands on the
environment. However unpopular a heritage of nuclear waste (probably
the most troublesome aspect) would be, its impact, both present and
future, must be compared with that of the alternatives. Undue depletion
of fossil fuels, a process which is already well under way, can surely be
regarded as morally irresponsible conduct towards future generations.
Another proposal of some environmental groups, that New Zealand
should concentrate on exports with a low energy content, and so save its
own resources at the expense of some other country's power for further
processing, does not seem to us to be a moral solution of the problem.
Indeed, some even suggested that it was an attempt to evade
responsibility for consumption and pollution.

86. One of the few advocates of nuclear power raised a moral argument
specifically and directly linked to reactor safety. He argued that its risks
are so much more meticulously investigated and documented than are
those from other forms of power generation that they should be morally
the most acceptable. This argument raises an interesting point of view,
but ignores other moral aspects of introducing nuclear power.

87. The most frequently cited social effect of nuclear power was its
constant need of stringent security measures to protect all parts of the fuel
cycle. Fissile material must be safe-guarded so that it cannot be diverted
to the manufacture of nuclear weapons, or used for threats either by
terrorists or by nations, especially those who have not signed the Non-
Proliferation Treaty. Nuclear plants must also be protected both from
actual sabotage, and from a credible threat of sabotage being used as
blackmail. Such protection is not always objectionably visible. Our own
observations of security checks at overseas nuclear plants showed them to
be unobtrusive in Britain and Canada, and though more obvious and
stringent in the United States, still comparable with other industrial
security arrangements there.

88. The matter of security assumes another dimension where the so-
called plutonium economy is concerned. It was this aspect of the possible
development of breeder reactors and fuel recycling which led to those
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comments of the Flowers report which were so often quoted: that Britain
should not rely for energy supply on a process that produces such a
dangerous substance as plutonium unless there is no reasonable
alternative. This attitude could change if fuel cycles suitably resistant to
proliferation were developed. The Atomic Energy (Special Constables)
Act providing for the arming of guards is now in force in Britain. When we
visited the country only four establishments (those involved with
plutonium) appeared to employ armed guards.

89. The methods which would be needed to counter the threats of
nuclear fuel diversion or blackmail would not be welcomed by New
Zealanders who value an informal, relaxed way of life, and were
considered by some witnesses to be the chief threat to civil liberties which
a nuclear programme might produce. We are doubtful whether such
measures would really threaten civil liberties, or would more significantly
affect the country's social climate than do present measures to counter
serious crime. We do not see this as one of the more substantial arguments
against introducing nuclear power.

Consequences for Health
90. Some lay people and organisations were afraid of die possible effects

on man from even the routine operation of a nuclear power programme.
We found also marked differences of opinion among scientists and medical
witnesses, especially on the genetic effects of ionising radiation. The
differences indicate uncertainties in some areas of radiobiology. We are
not competent to resolve them but must discuss them to show where the
differences lie, and to bring them into some perspective. This is done in
chapter 11.

91. The quantitative effects nuclear power may have on health must be
fully compared with the corresponding effects of alternative energy
sources, and the background radiation to which we are all exposed, if they
are to be put in perspective. Radiation exposure of workers in the nuclear
power industry appears to us to be kept firmly within the dose limits
recognised as. safe by the International Commission on Radiological
Protection (ICRP). Moreover, the exposure of local and worldwide
populations to average radiation from even extensive nuclear power
production is low compared with the average exposure from natural
sources. The annual collective radiation dose to workers in nuclear power
plants is greater than that of the general population.

92. The known or alleged effects of ionising radiation on both somatic
(non-reproductive) and genetic (reproductive) cells were much debated.
Present estimates of radiation-induced biological effects are obtained from
experience of high doses and dose rates, and also from experimental data
on non-human systems. The results are tentative, and a linear dose-
response relation without a threshold is assumed. The main non-
hereditary delayed effect of radiation is cancer which usually appears
years or even decades after irradiation. However, it is impossible to
identify a particular cancer as being due to radiation. Present estimates of
radiation-induced genetic effects are based on experimental data from low
dose rate exposure of mice and flies. The possible mutagenic properties of
radiation (including the radioactive isotope carbon-14) originating in
nuclear power stations must be assessed in relation to those derived from
non-radiation causes. Unfortunately, there is here a conspicuous lack of
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data from medical sources. All we can say is that on present evidence
there is no need for concern about the effects of emissions from the routine
operations of nuclear power stations.

93. During our visits to overseas operating nuclear power plants, we
were impressed with the monitoring procedures used to record the
presence or otherwise of routine or accidental emissions. Nevertheless, we
stress that public healthauthorities should at an early stage be involved in
establishing and reviewing emergency arrangements which would apply
to any accidental release of radioactivity.

Accidents and Compensation
94. A main concern both of those who oppose nuclear power in New

Zealand, and of those scientists and technologists who have knowledge
and experience of operating stations, is that of an asserted inherent
danger in the technology that could conceivably lead to a structural or
operating accident. This is discussed in chapter 12.

95. Notwithstanding the excellent safety record of conventional power
reactors, which surpasses that of most other large industries, there is a
continuing association in the public mind with past incidents which, on
examination, mainly prove to have involved nuclear weapons and military
establishments, not commercial electric power stations. There is no
evidence that nuclear power reactors have hitherto caused injuries to the
general public, though some workers have been killed and injured.
Generally speaking the safety record of nuclear power generating plants is
excellent, but this is not accepted as ensuring safety. The IAEA has
reported that in over 1400 reactor years of commercial power operation no
accident leading to a radiation-related disability has occurred—a kind of
record that is unparalleled in any other modern large-scale industry.
Chapter 12 deals with the kinds of accident that might occur in a reactor
installation. The foreseeable frequency of such accidents has been
included in our considerations of safety analysis procedures illustrated by
the Rasmussen report on reactor safety. Overseas experience has shown
that the risks to employees in a reactor programme through accident are
well below those in the general manufacturing industry.

96. In New Zealand, the possibility of a core melt (potentially the most
dangerous accident) would have to be assessed in a context of the
contributing effects of earthquakes. A serious reactor accident in this
country might cause large loss of life, depending on its location, and might
contaminate much land through radioactive discharges, particularly if
caesium-137 was released. In some circumstances these consequences
could be most grave—how grave would depend on a number of factors.
One can imagine other catastrophes in New Zealand which would also
have consequences unparalleled in its history.

97. Probability studies, such as the Rasmussen report, must necessarily
be accepted with qualification. The confidence in reactor safety shown by
both the Flowers and the Ford Foundation - MITRE reports is based on
very high standards of technical expertise in design, operation, and
maintenance in the industry as a whole. In the view of some who met the
Royal Commission, New Zealand at present lacks skilled people, not only
in the nuclear field, but also in quality assurance techniques in "basic"
engineering. However, we believe that as long as adequately trained
engineers and scientists are available in New Zealand, the safety of
nuclear reactors should not be a major stumbling block to a nuclear power
programme.'
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98. If New Zealand adopts a nuclear power programme, there will be
need to devise a system of compensation for the public in the event of
personal injury or property damage resulting from accidents within, or
emissions from, nuclear installations. There are many available examples
in what has been adopted in other countries, and international
organisations have prepared model schemes. We discuss their suitability
in the light of New Zealand law. We also confirm the need for further
legislation to clearly define liability, and to ensure that funds are available
to meet claims for compensation (see chapter 12).

Licensing and Control
99. All countries using or planning to use nuclear power generation

have recognised its potential public and environmental dangers as both a
world problem requiring international surveillance and control, and as a
domestic matter requiring local licensing and regulatory procedures.
There are several international organisations which impose obligations on
their member States. The best known is the IAEA, of which New Zealand
is a member. New Zealand has also signed the Treaty on the Non-
Proliferation of Nuclear Weapons (NPT), thereby agreeing not to divert
nuclear energy from peaceful uses to weapons or explosive devices. The
NPT obliges us to conclude agreements with the IAEA to apply
safeguards on all peaceful nuclear activities in this country, or in
territories under our control. New Zealand is also a party to the 1963
Treaty Banning Nuclear Weapon Tests in the Atmosphere in Outer Space
or Under Water, to the 1972 Convention on Prevention of Marine
Pollution by the Dumping of Wastes or Other Material (known as the
"London Convention"), and to the 1959 Antarctic Treaty designed to
prevent, among other things, the disposal of radioactive waste in the
Antarctic.

100. Membership of the IAEA and also of the IEA entitles New
Zealand to access to. a large reservoir of experience and expertise
accumulated over many years, especially in such fields as domestic
licensing and regulatory procedures.

101. The adoption of nuclear power would demand a system of
licensing and regulatory control to ensure high standards of safety in plant
construction and operation and yet suit New Zealand. The United States,
Canada, Britain, and West Germany, all of which have nuclear
programmes of some years standing, have chosen different regulatory
patterns. The United States prefers to impose detailed criteria which are
spelled out at great length in regulations; others like Britain give broad
guidelines and prefer that the licensing authority demands high standards
of safety, with those seeking licences for stations having to convince the
authority that the standards have been met. Chapter 13 discusses the
merits and weaknesses of the different models for New Zealand, and notes
that the source from which the nuclear plant is bought might have an
important influence on the regulatory model chosen. We are in no doubt
that the licensing authority and the regulatory inspectorate must be
completely independent in form and personnel from the departments or
organisations promoting, or intending to run, nuclear plants. We say how
we think that can be best achieved in a New Zealand setting, and we
discuss detailed proposals submitted by a sub-committee of the New
Zealand Atomic Energy Committee for a licensing and regulatory
structure and procedures.
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The Cost of Nuclear Power
102. The economic implications or consequences of a nuclear power

programme are of obvious importance. Chapter 14 considers, from a New
Zealand point of view, the cost of producing electricity from nuclear
compared with the more conventional fossil-fuel sources. Chapters 7 and
15 briefly analyse the costs of hydro and geothermal generation. For a

proper comparison, both capital and running costs must be involved. The
comparison is best made between the unit costs of electricity produced
(that is, the cost per kWh or "unit").

103. Submissions brought up a diversity of estimates of the capital cost
of a nuclear power station in New Zealand. In many cases the
assumptions made in arriving at these estimates differed to the extent of
making comparisons difficult, if not impossible. The problem is not
peculiar to New Zealand. Almost everywhere we went overseas we found
that nuclear capital costs were in a most fluid and indefinite state, making
it quite impossible for us to express any confident opinion about local
capital costs, especially for a station with a commissioning date as far
away as 1990-91, the originally suggested date. But in spite of that, the
different analyses, especially those of the NZED, have enabled us to make
useful comparisons of unit costs of nuclear with other forms of generation.

104. Striking divergences in recent years between estimated and actual
costs of nuclear plants in many countries led the IAEA to convene a
meeting of experts in 1976 to try to devise more accurate methods of
estimating costs, especially in developing countries. The meeting
produced the Woite report which was used by the NZED as the basis for
its own calculations. It took the figure given by Woite for a pressurised
water reactor built to United States safety and environmental standards,
and adapted the cost to make allowances for New Zealand conditions. It
included an enlarged seismic allowance, training of staff, and provision for
a regulatory authority. General monetary inflation or other causes of
escalation were not allowed for, but interest on capital during
construction of the plant was. This cost, defined as the "capital cost", is
expressed in constant 1976 dollars, and is not the ultimate actual cost in
paid dollars. The approach followed by the NZED is widely adopted: it is
known as the "constant dollar" approach, as distinct from the "current
dollar" approach in which monetary inflation as well as escalation must
be assumed.

105. The NZED's estimate is $1,345 million for a station of two 600
MW generating units. This was strenuously criticised as being much too
low by some of those taking part in our inquiry, notably Professor R. H.
Court on behalf of the Environmental Defence Society Inc., and also
Ecology Action (Otago) Inc. The NZED estimate and these criticisms are
discussed in chapter 14. The NZED submissions also estimated the initial
costs of coal- and oil-fired stations of similar capacity at $384 million and
$492 million respectively. However, the cost of nuclear fuel is very much
less than the fuel needed for fossil-fuelled stations.

106. The Treasury regards such estimates as only indicating the
magnitude of the capital cost because of the distance in time that now
seems likely before a nuclear station is commissioned. Indeed, the
Treasury thought that, because a decision in favour of nuclear power is
not likely to be needed for the next 20 years, a detailed cost estimate was of
little value, especially in an environment as dynamic as the energy sector
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where nuclear technology, costs, and methods can change so often.
Nevertheless, we accept that the methodology used by the NZED in
arriving at the figure of $1,345 million is on the whole satisfactory for
allowing comparisons of relative unit costs, and for considering the
general economics of the options available, though the figures may be
understated, or even overstated, in some particulars.

107. The capital costs of generating electricity with different fuels,
translated (along with other costs) into unit costs, give economic
comparisons helpful for future policy. The following figures supplied by
the NZED (in 1976 dollars) give the unit costs in cents per kWh for
various methods of generation.

Nuclear N.Z Coal Oil Hydro Geothermal
2.9 1.9 3.1 2.5 1.6

We agree with the NZED that for New Zealand the proper conclusion on
the present evidence (and in general economic terms) is that geothermal
electricity is cheapest to produce per unit, followed by indigenous coal,
and hydro. The most expensive, apart from oil, appears to be nuclear. In
some other countries coal-fired stations do not have the same cost
advantages (see chapter 14).

108. But it is not only unit production costs which must be considered
in selecting the most suitable form of generation on economic grounds. As
the Treasury was at pains to point out, the amount of foreign exchange
expenditure in the total cost (capital plus fuel) can prove a most
important consideration for New Zealand's economic future. An analysis
by the NZED engineers, Wong and Hewlett, presented to the third New
Zealand Energy Conference in May 1977, showed that over the expected
lifetime of stations of like capacity, oil generation demands most foreign
exchange, followed by imported coal, nuclear, and then indigenous coal.
Neither hydro nor geothermal generation was included in their analysis.

Overall Future Implications
109. Notwithstanding our belief that no early commitment to a nuclear

power programme is justified in New Zealand, or even a "decision in
principle" desirable, it does seem to us that to assess the overall impact
which nuclear power could have here, it is necessary to look at a long-term
development, not just the introduction of a single reactor in the relatively
near future. To do this we must estimate movements in a number of
sectors beyond the turn of the century. This involves inference or
speculation, for we had little or no evidence relating to such possible
movement. The method has obvious dangers, but we consider it
worthwhile to round off our assignment. Chapter 15 sets out our attempt.

110. It is inevitable that in this process we either directly or indirectly
move into areas of overall energy policy which, as we have already said,
may be considered outside our intended field. However, we stress that
much of the discussion is little more than speculative, and that the
purpose of the chapter is primarily to reach some kind of measure of the
overall economic consequences of introducing a sustained nuclear power
programme in the next century.

111. It is convenient for this purpose to take the year 2020 as the end of
the period of our consideration. After visualising possible growth of
electricity consumption within the OECD countries as a whole, and its
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relevance in New Zealand, likely future population and GDP movements,
and other indicia, we think it reasonable to take a figure of around 130 000
GWh as New Zealand's electricity consumption in 2020. There are, of
course, many factors that could invalidate this estimate, especially
changes in population growth rates and immigration rates, but any
estimate is similarly vulnerable. Accepting, however, that 130 000 GWh is
a reasonably sound estimate, the issue we must next consider is how it is
to be satisfied.

112. We have already said in chapter 7 that, assuming no major en-
vironmental objections, by 2001 New Zealand could supply 70 000 GWh
per annum using its own indigenous resources. We take the then
anticipated demand at 60 000 GWh per annum. This, in our estimation,
would leave about 30 000 GWh per annum which could possibly be
generated from known indigenous resources after the year 2001. If the
necessary development is done, this should meet New Zealand's needs till
about the year 2010-2011, and we believe that it should be aimed at
before introducing a nuclear or other station dependent on imported fuel
and a complex advanced technology. But between the years 2010 and
2020, the chances of New Zealand needing nuclear power to meet its base
load are real indeed.

113. Assuming that the nuclear programme we have mentioned is really
needed, what are the capital, manpower, reactor type, fuel, and training
requirements? We consider these too in chapter 15, and reach the
conclusion that a significant nuclear power programme during the early
part of the next century should be economically possible. As we have said,
commercial operation of the first unit may not be needed until 2011, but to
gain necessary early experience, 2005-2007 may be a more desirable
target. The successful development of certain alternative electrical
sources, such as wind-powered turbines, could greatly affect the size of the
programme but would be unlikely to delay the introduction of the first
unit. On the other hand, changes in the assumed economic climate, which
we took in chapter 8 as growth in GDP of about 3.5 percent a year, could
either significantly retard or advance the date at which such a unit may be
first needed. The 3.5 percent is considerably less than that projected for
most OECD countries up to 1985.

114. The relatively long breathing space now expected before it is
necessary to make a decision on nuclear power will depend on the almost
complete implementation of the MWD accelerated geothermal and hydro
programme. The discovery of other large resources of natural gas and oil
is unlikely to have any significant effect on our conclusions, since these
would almost certainly be allocated to industrial process heat, and to
transport.

115. For the commissioning of the first unit in 2011, a firm decision to
proceed would be needed by 1996; for a unit in 2005-2007, this would
become 1991. In general, it appears that New Zealand has about 20 years
or more before needing to place the first order. From the discussion in
chapter 15 and earlier chapters, it will be seen that there is at present,
however, no guarantee that reactors of a suitable type will exist if and
when they are needed. Thus over the next 20 years, possible alternatives
must be thoroughly investigated. Similarly, there is no guarantee that
suitable economic alternatives can be found within the time that may be
available. Thus, New Zealand must maintain an interest in the nuclear
field and continue to survey it closely. Furthermore, there appears to be a
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need for further preliminary site investigations, especially in connection
with seismic risk and possible high-level waste disposal areas. These
should not be postponed till a firm decision to proceed is taken, since this
itself may depend on answers which can only come from such
investigations.

116. Though it appears that New Zealand has, say, 15 to 20 years
before it needs to make any firm decision, in view of all the uncertainties
and the speculative nature of much of our discussion, there should be
no complacency. There must be yearly reviews of the situation. Any long-
term plan will almost certainly be a victim of change, and what we believe
to be true and possible now may not be so even in the immediate future.
For example, there could be an upsurge or down-turn in electricity
demand, elements of the MWD proposal could prove to be impracticable,
and international matters relating to oil, proliferation, waste manage-
ment, the availability of nuclear fuel, etc., could all lead to a complete
reassessment. Thus, to conclude, we agree with the DSIR submission that
there should be a major review if not in 1982 (their date), then at least by
1985, to update New Zealand's knowledge and experience of the whole
situation in all its aspects.

SUMMATION

117. Though our report, and even this overview, takes in a mass of
detail, and discusses many aspects and consequences of energy and a
nuclear power programme, the reader will be aware that our basic
conclusions are few. They can be quite briefly stated:

(1) There is no satisfactory case for New Zealand to immediately
commit itself to a nuclear power programme. On present evidence it
appears to have sufficient indigenous resources to enable it to meet its
reasonably projected needs for electricity into the next century.

(2) New Zealand should aim to rely on its own resources for electricity
as long as it is economically and environmentally sensible to do so, rather
than introduce such a sophisticated and changing technology as nuclear
power.

(3) The development and use of indigenous resources to postpone a
decision on nuclear power will call for resolution, for substantial
allocations of money and manpower, and for the acceptance of some
environmental impacts.

(4) However, the chances of New Zealand needing nuclear power for
electricity generation early in the next century are real indeed, and a
significant nuclear programme should then be economically possible,
if a similar relationship to that which in the past has existed between
economic and electricity growths is maintained.

(5) The future ability to meet electricity needs is subject to many
uncertainties, mainly those of population and economic growths, those of
the possibilities of indigenous resources proving smaller or more difficult
to develop than expected, and those of the new forms of generation,
alternative to nuclear, failing to prove economic.

(6) Nuclear power generation for New Zealand also has its
uncertainties and difficulties, especially those of obtaining reactors of a
suitable type, reasonably certain fuel supplies, and disposing of the waste
products of a fission technology.
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(7) New Zealand should not embark on a nuclear power programme
until suitable arrangements for the disposal of all high-level radioactive
wastes from any proposed nuclear stations have been convincingly
demonstrated.

(8) Apart from the disposal of radioactive wastes and the
ascertainment of sites suitably located and of acceptable levels of
seismicity, there is no one aspect of the consequences of a nuclear power
programme which, taken by itself, would lead us to conclude at this time
that nuclear power as a form of electricity generation, if needed, should be
rejected.

(9) Although some groups within New Zealand believe strongly in the
advantages of a low energy "conserver" society (both for its own sake and
as a means to avoid introducing nuclear power), we are unconvinced that
significant energy savings would thereby result without more changes in
life-style than are likely to be acceptable to most New Zealanders.

(10) For the reasons outlined above, New Zealand should continue to
keep in touch with developments overseas and extend its experience and
understanding of nuclear technology. Within New Zealand, in particular,
preliminary site investigations should be made, related especially to
seismic risk and the ascertaining of areas for high-level waste disposal.
There should be an active public education policy to place nuclear energyin the context of the whole energy situation rather than consider it as an
isolated technology.

(11) Moreover, because change will almost certainly call for alterations
to any long-term plan of electricity production, we believe that another
major review should be made by at least 1985.
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PART II

Chapter 3. THE ENERGY PROBLEM
INTRODUCTION

1. In this chapter, we look briefly at the total energy situation first
world-wide, then for New Zealand in particular.

2. Energy is not just one among many of mankind's resources. It is
essential if other resources are to be used. The amount, availability, and
form of energy strongly influence the nature of a society. The different
forms of energy, and even mass, can all be expressed in the same units; the
concept of energy can thus become a unifying principle. This does not
mean, however, that it is necessarily feasible to substitute one particular
form of energy for another. Energy is valuable to mankind not for itself but
for what it can do, and all forms of energy are not equally available. Many
submissions (one at considerable length (1) ) emphasised the desirability
of suiting particular forms of energy to their most appropriate end uses.

3. Electricity is a versatile form of energy, able to do many different
sorts of work, and hence may be referred to as high quality energy. Other
forms of energy, such as the heat in hot water, are not as versatile, but
may be well suited to specific purposes. We were strongly urged that "low
grade heat", such as space heating and hot water heating, should not be
obtained mainly from electricity (2). We shall discuss these issues in more
detail later in this report.

Units and Definitions
4. In scientific usage, energy is that which has the capacity to perform

work. Many different terms are used to quantify energy: e.g., joule,
kilowatt hour, unit. We list some and their conversion factors in the
glossary. Power is the term used to describe the rate at which energy is
produced. The relationship between energy and power is more fully
discussed in the report of the FFGNP (4).

5. To describe energy production and consumption, the MER defines
the following categories (5): Primary energy is energy as it is first obtained
from natural resources. In general terms coal is accounted for as it is
mined, oil products as they are imported in various degrees of refinement,
and natural gas as it is taken from the wells. Primary electricity in the
MER definition is - electricity generated from hydro and geothermal
sources, ignoring the generation efficiencies.

6. Consumer energy is energy in the form in which it is distributed to the
consumer. In this context "electricity" includes the electricity which is
generated from thermal stations burning coal, oil, or natural gas; and
"gas" includes the small quantity of gas manufactured from coal,
naphtha, and natural gasoline. This accounting includes transmission
losses, but does not include consumption or losses at the point of
production or at final conversion to consumer forms.
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7. The Energy Research Group (ERG) of the NZERDC further defines
effective energy as the amount of energy delivered to the first point of use,
taking into account the efficiency of the final machine or appliance: for
example, heat delivered into a room by a space heater (6).

8. Heat is a form of energy and is measured in the same units as energy.
Where it is desirable to distinguish between electrical energy and heat, the
symbolism used in this report is MWerepresenting a megawatt of power
as electricity, and MWt for a megawatt of power as heat (4).

WORLD ENERGY CONSUMPTION AND RESOURCES
9. Apart from that emanating from the earth's core and a smallamount

from the tides, the energy which powers the earth's natural and man-
made processes comes from the sun. The sun's energy which reaches the
outer levels of the earth's atmosphere is termed the "solar flux" or "solar
constant" (about 1.4 kW per square metre).

10. By far the greatest part of the solar flux consists of visible light and
short wave (ultraviolet) radiation. About 30 percent is reflected back into
space mainly by clouds and the earth's surface, the amount varying with
the nature of the surface, being greatest from snow and ice. The reflected
solar flux plays no part in heating the earth or its atmosphere.

11. About 17 percent of the solar flux is absorbed by atmospheric gases,
water vapour, and cloud droplets, and thus heats the atmosphere. Ozone
in the upper atmosphere absorbs most of the harmful ultraviolet
radiation. A greater part of the solar flux, about 47 percent, is absorbed by
the earth's surface, raises its temperature, and returns to the atmosphere,
so much so that most atmospheric heat is received indirectly from the
earth's surface. If the atmosphere did not retain this heat, the average
temperature of the earth would fall by some 40° C making most life
impossible.

12. Of the 47 percent absorbed by the earth's surface, some is radiated
back in the form of invisible infrared (long wave) radiation much of which
is absorbed by water vapour, carbon dioxide, clouds, and dust in the
atmosphere. The concentration of these substances may therefore have a
significant effect on the inward and outward balance of energy flow and
hence on the temperature of the earth. The energy used in evaporating
water is returned to the atmosphere in the form of latent heat in the water
vapour, to be released when the water vapour condenses to cloud droplets,
or forms rain or snow.

13. On average 23 percent of the solar flux reaching the earth goes into
the hydrological cycle of evaporation and precipitation; 0.2 percent goes
into the interconnected system of winds, waves, and currents; and about
0.02 percent is used by living organisms and obtained from the energy
used by the green plants in photo-synthesis. By means of photo-synthesis
green plants chemically store some of the sun's energy which then
becomes available, though in constantly decreasing amounts, to all other
organisms through complicated food chains. Photo-synthesis also
provides the stored energy which can be released by burning or
fermenting plant material. When the organic material is returned to
mineral constituents again, by whatever means of decomposition, the
solar energy originally captured by photo-synthesis is all dissipated as
waste heat. During the history of the earth some organic matter has been
preserved within the sedimentary rocks of the earth's crust. This has
become our fossil fuel. Figure 3.1 shows diagrammatically the energy flow
from natural sources in the earth-atmosphere system.
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Figure3.1
ENERGY FLOW IN THE WORLD FROM NATURAL SOURCES

14. Society has developed and changed as mankind has learned to
harness the energy sources of the earth. But recently there has grown a

realisation of the finite nature of many of the world's resources, especially
of its present energy sources. The Ecologist in 1972 said: "The combination
of human numbers and per capita consumption has a considerable impact
on the environment, in terms of both the resources we take from it and the
pollutants we impose on it. . . . It should go without saying that the world
cannot accommodate this continued increase in ecological demand.
[Ecological demand is defined as a summation of all man's demands on the
environment, such as the extraction of resources and the return of wastes.]
Indefinite growth of whatever type cannot be sustained by finite resources.
This is the nub of the environmental predicament. It is still less possible to
maintain indefinite exponential growth—and unfortunately the growth of
ecological demand is proceeding exponentially (i.e., it is increasing
geometrically, by compound interest)." (7).

World Energy Consumption
15. In 1975 the world consumption of primary energy was about 75000

TWh (that is 2.7 x 1020J or 0.26Q). Of this OECD nations used some

43 000 TWh or 58 percent; eastern Europe, the USSR, and China 22 000
TWh or 29 percent; and the rest of the world 9700 TWh or 13 percent (8).
However, data on energy consumption in developing countries is
generally incomplete and a significant share of their total energy comes
from non-commercial sources such as firewood, cow dung, and vegetable
waste (9). These fuels cause their own problems of depletion. In 1975 oil
supplied 45 percent of the world's primary energy (including that used to
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generate electricity), coal 30 percent, and natural gas 18 percent. Most of
the rest was hydro-electric and geothermal, with nuclear energy
contributing 1.3 percent. These statistics exclude non-commercial sources
of energy, which, although important in many developing countries, are
negligible in developed countries (10).

16. From 1950 to 1972 economic growth rates averaged 5 percent per
annum with increasing demand for energy. From 1955 to 1972 there was
almost no increase in the demand for coal, the main energy source for the
first half of the twentieth century. Natural gas supply grew, but costs and
problems of transportation restricted its use mainly to producing regions,
and by 1972 it was satisfying only 18 percent of demand. Hydro and
nuclear energy together were only a small part of global energy
consumption. Most of the increased energy demand was supplied by oil,
and made possible by the development of giant oil fields in the Middle
East. The low cost of producing the oil, and the economies of scale made
in transportation, refining, arid distribution, allowed the real price of oil to
fall, encouraging consumption and giving little or no incentive to the
efficient use of energy. As a result, oil increased its share of world energy
from about 28 percent in 1950 to about 45 percent in 1973 (11). Figure 3.2
shows the resource supply for the non-communist world for 1955-1972
(expressed in million tons oil equivalent). Figure 3.3 shows the
dependence on oil in the non-communist world in 1972, which varied
among the consuming sectors from 99 percent in the transport sector to 39
percent in the industrial sector.

World Energy Resources
17. In considering global energy sources, it is not possible to produce

definitive figures for the world's non-renewable resources. In the past,
exploration and technological change have continually increased the
estimates of what will be available. A recent Australian report gave the
following data on world consumption and supplies of the principal forms
of energy.
Table3.1
ESTIMATED WORLD CONSUMPTION, RECOVERABLE RESERVES

AND RESOURCES OF COAL, OIL, AND NATURAL GAS: 1975

Sources: 1975 consumption: Information provided to the Commission by R. Krymm, Head of the Section for
Economic Studies, Division of Nuclear Power and Reactors, IAEA.
Reserves and Resources: U.S. ERDA: Creating energy choices for the future, 1976.

"Using a conversion factor which does not allow for recycling fuel, 1 tonne of uranium is equivalent to 1.30 short
tons of U3O8.

(Source: First Report Ranger Uranium Environmental Inquiry, Canberra, 1976.)
Consump- Reserves

tionin 1975- Ultimately recoverable
(energy (energy resources
units: units: (physical units) (physical units)

1018 joules) 1018 joules)
Coal (black and

brown) ... 73 15 080 665X 109 tonnes 5 400-7 300 x 109 tonnes
Oil ... ... 112 4 360 110 X 109 m3 210-300 x 109 m3
Natural gas ... 45 2 500 65 X 1012 m3 80-170 X 1012 m3
Oil shale

... 80 X 109 m3 180-255 X 109 m 3
Bitumen rocks

... ... ... 56 X 109 m3 160—400 X 109 m 3
Uranium (ther-

mal reac-
tors)... 3 1 130 2 700 X 103 tonnes 3 800-5 000 X 103 tonnes

Thorium
... ... ... 320 X 103 tonnes 2 000-2 800 X 103 tonnes
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Figure3.2
HISTORICAL VIEW OF RESOURCE SUPPLY MEETING
DEMANDS FOR THE NON-COMMUNIST WORLD (1955-1972)
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Figure3.3
HISTORICAL RESOURCE UTILISATION BY DEMAND
SECTOR FOR THE NON-COMMUNIST WORLD, 1972

(NOT INCLUDING PROCESSING LOSSES)

Energy
Use
million

barrels/day
oil
equivalent
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18. In the table the term "reserves", applied to coal, oil, natural gas,
and uranium, refers to quantities known to be present following geological
exploration, which can be economically recovered with present
technology. For oil shale, bitumen rocks, and thorium, which are not yet
used to provide energy, the "reserves" figures are derived from
assessments of the eventual economic capabilities of the technologies now
being developed. Estimates of "ultimately recoverable resources", which
are many times higher than the reserves estimates, include quantities of
fuels not yet established, but expected to be present in existing proven
areas, and speculations about other potential discoveries. Thus, not only
is the existence of some of these resources uncertain, but considerable
advances in technology may be required before they can be developed and
used in environmentally acceptable ways. Figure 3.4 represents global
energy resources diagrammatically.

Figure3.4
NON-COMMUNIST WORLD ENERGY RESOURCES

Sig 3
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Fossil Fuels
19. Oil and gas are both non-renewable sources of energy whose

reserves are limited. Although there are continuing uncertainties' about
the size of global oil resources, two recent American studies of energy
prospects have concluded that oil will pose the first major supply problem.
The first conclusion of the Workshop on Alternative Energy Strategies
(WAES), an international project sponsored by the Massachusetts
Institute of Technology, was that the supply of oil will fail to meet
increasing demand before the year 2000, most probably between 1985 and
1995, even if energy prices rise 50 percent above present levels in real
terms. Additional constraints on oil production will hasten this shortage,
thereby reducing the time available for action on alternatives (9). The
Ford Foundation - MITRE study concluded that, on present knowledge,
oil and gas are unlikely to be available in sufficient quantities to meet
growing demands for energy. Natural oil and gas will have a short life
historically, spanning merely the mid-nineteenth to the early twenty-first
century (12).

20. It was pointed out to us that sometime in the future the production
of oil must peak and then begin to decline, and that thepoint at which the
decline will occur depends on the interaction between supply and
demand. As the remaining undiscovered reserves diminish, the difficulty
in finding them will increase, along with the cost of developing them. At
the historical growth rates of oil demand, a new oil province such as the
North Sea or Alaska would need to be discovered every one or two years to
maintain such growth into the 1980s and 90s (11). Figure 3.5 projects
possible oil production based on oil company estimates. British Petroleum
considered that the depletion of gas reserves was similar. However, the
WAES study thought that worldreserves of gas were large and unlikely to
limit production levels over the next 25 years. Transportation is the most
significant technical element in developing the use of gas.

21. On the other hand, the world's coal reserves are much more
extensive, estimates ranging from 6 x 1012 tons to 12 x 10 12 tons. The main
known deposits are in the United States, the Soviet Union, and the
People's Republic of China, which together are estimated to have between
70 percent and 90 percent of the world total, depending on which reserve
estimate is used. The problems in the use of coal as a major international
energy source are therefore those of international trade and transport as
well as of manpower and of technology, both for mining and for energy
production. The Ford Foundation - MITRE study, after discussing coal
reserves, transportation, and developing technology, concluded that more
coal is being used because of higher oil prices and national policies to
create wider energy options; and that coal should thus become more
prominent in international trade (12).

22. Other fossil fuels such as tar sands and oil shale are potential
sources of oil, but there is as yet no commercially viable technology for
extracting the oil (10). Huge areas of land have to be excavated to obtain
the oil from these reserves, many of which are in deposits where each ton
of shale-bearing rock yields 25 or less gallons of oil. What little oil is
presently produced from these sources comes from the richest deposits
(13).
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Figure 3.5POSSIBLE NON-COMMUNIST
WORLD
OIL SUPPLY
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Uranium
23. Uranium is relatively abundant, occurring in the earth's crust in an

estimated average concentration of two parts per million, implying a

world-wide total of nearly 10 12 tonnes (taking dry land down to 1 km
below the surface). This figure is, however, of only academic interest,
because what matters is the amount which can be discovered and mined
in an economic way (14).

24. The history of the uranium industry (about 25 years) is relatively
short and erratic compared to that of coal and hydrocarbons. The
industry's first spectacular growth in the 1950s in response to an apparent
unlimited demand for purposes of defence was soon followed by a period
of rapid decline. The promise of a demand for nuclear power was slow to

materialise, and momentum was not regained until after the 1973 oil
crisis. As a result, knowledge of world uranium sources is still limited (15).
Even since the commercial development of nuclear power, estimates of
demand for uranium have varied widely depending on expected future
numbers of nuclear reactors; and on the feasibility of breeder reactors and
the reprocessing of spent fuel, both of which would give a more efficient
use of uranium. Many witnesses to this Royal Commission have asserted
that dwindling world supplies of uranium will make present types of
reactor expensive to run or almost unusable in the foreseeable future, and
that commitment to a nuclear power programme is therefore a

commitment to the use of breeder reactors. Others have contended that
these estimates of the availability of uranium are unduly pessimistic, and
that the cost of the fuel is a relatively small part of the total cost of
producing nuclear power. We discuss considerations of cost in another
section of this report.

25. Estimates of uranium are complicated by the method of classifying
the resource. Reserves are usually expressed in terms of cost: for example,
up to US$l5lb, up to US$3Olb, and over US$3Olb. The cost definition
is artificial, being neither the actual cost of production nor the selling
price, and has contributed to confusion in discussions of the availability of
uranium. It is discussed in more detail in chapter 1 of the Ford
Foundation - MITRE report (12).

26. Uranium is also present in low-grade ores, and in sea water—three
parts per 109. The basic process for extracting uranium from sea water is
known to work, and some sites such as Japan are considered suitable for
it, but much development work is still needed to make this a commercial
source (103).

27. Two recent studies in Australia and the United States quoted
reasonably assured and estimated additional world uranium resources,
excluding those in communist countries, as 3 849 000 tonnes of uranium
(10), and 4 870 000 tons [sic] of U308 (16), in the up to US$3O/lb class.
The most comprehensive, regular assessment of world uranium supply is
carried out by the Nuclear Energy Agency (NEA) of the OECD, jointly
with the IAEA. Figure 3.6 summarises present estimates of recoverable
resources of uranium in the non-communist world, based largely on the
NEA/lAEA 1977 survey (15).

28. It is also necessary to estimate the levels of production which these
uranium resources could support. 1977 production capacity is estimated
at some 33 500 tonnes of uranium a year, largely distributed between
North America and Africa south of the Sahara. World capacity could rise
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Figure3.6
ESTIMATED WORLD RESOURCES OF URANIUM

RECOVERABLE AT COSTS UP TO $130/KG U
(AS OF JANUARY 1977)

REASONABLY ASSURED ESTIMATED ADDITIONAL
RESOURCES RESOURCES

(tonnes (tonnes
uranium) World Region uranium)
825 000 1. North America 1 709 000
388 800 2. Western Europe 90 100
244 700 3. Australia, New Zealand and Japan 42 000

57 000 7. Latin America 94 400
32 100 8. Middle East and North Africa 69 600

427 800 9. Africa, South of Sahara 134 500
2 400 10. East Asia . .

29 200 11. South Asia 23 300

2 007 000 Total World 2 162 900
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to some 53 600 tonnes of uranium a year by about 1980.Known resources
are believed capable of supporting a maximum level of production by
1990 of about 100 000 tonnes a year, but new sources would need to be
identified if this figure is to be exceeded (12). The Ford Foundation-
MITRE study concluded:

Our review convinces us that current official estimates of uranium reserves and
resources substantially underestimate the amounts of uranium that will be
available at competitive costs. We believe that there will be enough uranium at
costs of $40 (US 1976 dollars) per pound to fuel light-water reactors through
this century and, at costs of $40 to $70 per pound, well into the next century
(12).

Other expert opinion, however, is more cautious:
Although (in line with the Ford conclusion) it does not appear physically
impossible to produce uranium on the required scale, at least up to the year
2000, it will certainly not be either automatic or easy. . . . The problem is not
primarily a financial one. It is more a matter of physical effort, and decision-
making in a climate of uncertainty, and sometimes in the face of considerable
discouragement (14).

Thorium
29. The world's "Reasonably Assessed Resources" of thorium (also a

possible fuel for fission reactors) recoverable at costs up to $75/kgTh
($3O/lb Th0 2) are presently estimated at some 630 000 tonnes, mostly
found in heavy, mineral beach-sand deposits, primarily in India,
Australia, Brazil, Malaysia, and the United States. Present world
production of thorium is about 730 tonnes a year, all as a by-product of
monazite which is at present being recovered from some of these sands,
mainly for its rare-earth content. It is estimated that world production of
thorium could be considerably expanded should it be required for use in
nuclear reactors, and it seems unlikely that thorium demand would
outstrip available supply from known sources by the year 2020 (15).

Renewable Energy Resources
30. The increasing recognition that fossil fuel supplies must have their

limits and will grow more costly, as well as the concern about the
environmental consequences of their intensive use, have led to interest in
other sources of energy, often referred to as "renewable" or "alternative".
These would involve either harnessing the earth's heat (for example,
geothermal steam, hot dry rocks) or making more use of the sun's
radiation directly or through the energy systems of the biosphere. At
present such commercial energy production is restricted to hydro-
electricity, geothermal bores for hot water and electricity generation, and
solar water-heating. Other proposals take many forms, ranging from
direct use of the sun's radiation to the use of the solar energy stored in the
ocean, waves, wind, and vegetation. There is considerable optimism
among environmentalists that these energy sources would be viable
alternatives to nuclear power if they were to receive greatly increased
research and development funds. The technical problems of tapping these
sources of energy commercially remain formidable, though many reports
see them as the necessary and desirable energy sources of the future.

31. In North America and Europe we frequently discussed the
development of renewable energy sources. In the United States, in
addition to solar energy having substantial use for low-grade heat, there
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are prototype experiments on using it for electricity. British experiments
with wave power have reached one-tenth of the planned industrial scale.
It is at the "development" stage of full-scale engineering (as distinct from
the research stage) that these technologies will need large sums of money,
and will make their environmental effects more obvious.

32. We were impressed by the considerable effort now being made
overseas in energy conservation, especially in building standards and
community planning. But the effects on energy consumption cannot yet be
quantified.

NEW ZEALAND ENERGY CONSUMPTION AND RESOURCES
33. Before the Industrial Revolution, wood was the major world source

of energy. When European settlers first came to New Zealand much of the
land was forested. Timber, though used as fuel and a building material,
was more often regarded as an obstacle to farming. Coal, mined in New
Zealand from the mid-nineteenth century, was the country's main source
of energy for a hundred years (5), as a domestic fuel, in shipping and
railways, as a steam-raiser for industry, and as a feedstock for the coal-gas
industry. Over the past 50 years, coal's proportionate contribution has
declined compared with other forms of primary energy, despite periods of
heavy demand. Electricity replaced it as the main domestic fuel, oil as the
industrial fuel. Electricity from hydro and geothermal resources has saved
much fossil fuel, but has given rise to some environmental changes.
Trends in the consumption of primary energy since 1924 are set out in
table 3.2.

34. In 1975 some 10 percent of all primary energy was converted into
other forms, mainly electricity, while smaller amounts were lost in
processing or supplied to international transport. Table 3.3 illustrates the
trends in consumer energy since 1924.

Table3.2
PRIMARY ENERGY CONSUMPTION
(in thousands of terajoules)

NOTES:
1 The terajoule (TJ or joule 10 12) makes comparisons among different forms of energy
possible.

2 Because of rounding totals may differ slightly from sum of individual figures.

(Source:Ministry of Energy Resources, Submission 13)
Calendar Natural Primary Imported

Year Coal Oil Gas Electricity Total2 Oil as %

of Total

1924 75 10 .. 0.5 86 11
1934 56 19 3 78 24
1944 72 30 . . 7 109 28
1954 66 59 . . 14 139 42
1964 66 103 . . 34 203 51
1973 60 208 13 55 335 60
1974 61 201 14 55 331 58
1975 56 195 15 64 331 57
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Table3.3
CONSUMER ENERGY
(in thousands of terajoules)

35. In 1975 the 264 000 TJ of consumer energy was used in the
following proportion: industry 37 percent, transport 37 percent (nearly all
oil), households 15 percent, and commerce 11 percent. The energy used in
1975 by the different sectors is shown in petajoules in the following table
3.4.

36. New Zealand's known major fossil fuel resources consist of coal and
natural gas, though exploration for others continues. Hydro and
geothermal resources have been developed, and could be further
developed, if the economic, environmental, and social consequences were
found to be acceptable. New Zealand's energy resources will be discussed
further in chapter 7.

Table3.4

CONSUMER ENERGY USE BY SECTOR, 1975
(in petajoules)

(Source: Ministryof Energy Resources, Submission 13)

Calendar
year Coal Oil Gas Electricity iotal

1924 ... 59 5 2 1 66
1934 ... 49 19 2 3 73
1944 ... 62 30 2 8 101
1954 ... 55 59 2 16 132
1964 ... 48 90 2 30 170
1974 ... 41 150 7 58 256
1975 ... 40 153 11 61 264

(Source: Ministry of Energy Resources, Submission 129)

Solid Oil Gas Electricity Total
Industry 25.7 36.4 7.8 22.8 92.7
Transport (Including Inter-

national) ...
... ... 122.2 ... 0.1 122.3

Domestic 7.7 2.8 1.5 29.2 41.2
Commercial and Other

...
6.2 11.1 1.4 9.2 27.9

Total Consumer Energy
...

39.6 172.5 10.7 61.3 284.1
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ENERGY STRATEGIES
37. Many studies have stressed the limited physical resources of the

earth. Computer investigation of various strategies of resource use now

allows the consequences of possible courses of action to be examined. Best
known are probably those of the Club of Rome, whoseproject The Limits of
Growth examined "the five basic factors that determine, and therefore,
ultimately limit, growth on this planet—population, agricultural
production, natural resources, industrial production, and pollution."
Though their assumptions can often be questioned, such studies direct
attention to some very real problems of the immediate future, and show
the need for thoughtful and co-ordinated planning on an international
scale.

38. One approach has been to form the World Energy Conference
(formerly the World Power Conference). The Conference was founded in
1924 in Britain and now has over 70 member countries, including some of
the less developed. It forms a link between different branches of power
and fuel technology, between experts from different countries throughout
the world, as well as between engineers, administrators, scientists, and
economists.

39. The World Energy Conference aims to promote the development
and the peaceful use of energy resources to the greatest benefit of all, both
nationally and. internationally, by considering the potential resources and
all the means of production, transportation, transformation, and
utilisation of energy in all their aspects; by considering energy
consumption in its overall relationship to the growth of economic activity
in the area; by collecting and publishing data on these matters; and by
holding conferences of those concerned.

40. The affairs of the World Energy Conference are managed by its
International Executive Council, made up of representatives from each
member country's national committee. Meetings of the Council are held
annually, hosted by national committees in different countries each year.
New Zealand was host in 1972.

41. A large-scale technical conference has been held recently every 3
years. For example: 1971 in Bucharest on a theme "Improving the
Utilisation of Energy with Special Reference to Complex Uses"; 1974 in
Detroit on a theme "The Economic and Environmental Challenges of
Future Energy Requirements"; and 1977 in Istanbul on a theme
"Availability and National Uses of Energy Resources". These conferences
are attended by 3000 to 4000 representatives of energy interests from most
countries. Apart from the technical papers, they provide a forum for
meeting, and for discussing broad matters of mutual interest.
Administration and policy aspects are much stressed.

42. The New Zealand National Committee aims to maintain liaison
with other national committees; arrange for the presentation of papers at
meetings of the World Energy Conference; promote the attendance of
New Zealanders at conference meetings; supply information to members
concerning conference activities; and to broadly promote the objects of the
World Energy Conference (17). Three New Zealand energy conferences
have been held, the most recent being in Wellington in May 1977, with
the theme, "The Dynamics of Energy Utilisation".

43. Following the oil crisis of 1973, the IEA was formed in the OECD
under the Agreement on an International Energy Programme. At the end
of 1976 New Zealand notified its consent to be bound by that agreement
which includes an undertaking to hold oil stocks at specified levels and to
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implement measures to hold down the demand for oil in the event of
further oil embargoes. The IEA reviews each year the oil consumption of
its members and their use of other sources of energy which may be able to
replace oil. Every year about one-third of the members are singled out for
an intensive on-the-spot survey, the results of which are discussed by the
members of the IEA at a meeting at which the country concerned is
represented. New Zealand was investigated in 1977. In March 1977, the
IEA reported on energy conservation in the member countries, and this
review concluded that New Zealand's conservation of energy was slightly
above the average for the IEA group as a whole, but that its energy
efficiency in transportation ranked poorly (18, 19).

New Zealand Energy Research
44. There is considerable research into energy, mainly funded by the

Government, but also by the universities, by industrial contributions to
research associations, and by private firms. The total estimated
Government expenditure on energy research and development for 1977—
78 (excluding exploratory drilling) was $3.7 million ($2.9 million in 1976—
77). This represented about 4.7 percent of the total Government research
expenditure of $78.7 million (excluding funds for medical research).

45. The NZERDC was allocated $0.5 million a year for research for the
first three years from the time it was formed in April 1974. For the 1977—
78 year the figure was $0.47 million but the committee was no longer
required to fund State department contracts. It is also interesting to note
that the amount spent on investigations into nuclear fission from
Government funds—primarily the DSIR provision for technical
information for the FFGNP report, and that of this Royal Commission—is
much less than 5 percent of the total Government energy research and
development expenditure.

46. The NZERDC seeks research projects from interested organisations
and individuals. It has developed these priorities for projects: determining
current and future energy demand; conservation and the more efficient
use of energy; assessment of indigenous energy resources; assessment of
human, financial, and organisational resources for increasing energy
production and use; economic, technological, and environmental aspects
of energy use and production over the next 15 years. All projects must
include consideration of environmental and sociological issues, and in
addition there are special environmental projects (20). A series of reports
has been published of completed NZERDC projects, and these provide
valuable information on various aspects of energy production and
consumption.

47. The energy scenarios for New Zealand derivefrom the work of the
small ERG, and are published as Report No. 19 of the NZERDC, with a
summary being published as Report No. 20. The research arose out of an
Energy Scenario Workshop held in March 1975, and discussed critically
in September 1976. Although some criticism of the research approach and
assumptions was expressed, it was generally felt that the work was worth
while and that most of the conclusions would not be altered by further
refinement. The scenarios are often referred to as the "Maiden Scenarios"
from the name of the chairman of the NZERDC, Dr C. J. Maiden. To
emphasise again the nature of this approach to the discussion of energy
options we quote from his preface to the report:
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The scenarios are not offered as predictions. Instead, their use is to help test and
compare the consequences of different policy choices. In reality, there are
infinite energy futures open to the nation, and it is not likely that the real energy
future will closely resemble any of the scenarios. The purpose is to spotlight
three possibilities among the many, in order to clarify thinking about the
implications of different rates of energy growth (6).
48. The ERG research examines the implications of main shifts in the

values society places on material wealth, environment, and resources,
tracing over 50 years the implications of the major policies arising from
the dominant theme of values underlying each scenario. The themes of the
three scenarios chosen were:

(a) A continuation scenario which would develop an extension of past trends,
policies, and attitudes with continued economic growth, and emphasis on
industrial growth;

(b) A low pollution scenario for New Zealand which would concentrate on the
minimisation ofpollution as a primary aim in government, business, and
personal decisions, providing for the sacrifice of a small amount ofeconomic
growth for its achievement;and

(c) A limited-growth scenario which would represent a strategy for New Zealand
in a world beset by resource depletion, environmental degradation,
insufficient energy supply, and the social and economic consequences of
rising population. It envisaged a lower population growth, slow economic
growth, and a switching to indigenous renewable energy resources.

49. It is assumed in the research that such social conditions would
prevail that all decisions would conform to the scenario theme in a way
not probable under present social and political conditions. This, as the
research group points out, implies an unlikely degree of consensus in the
community. It also stresses that the scenario research will not remain
valid for long because of changes in society, the economy, and technology.
It suggests a review every 5 years (6).

50. We heard further comment that these scenarios may be of only
restricted value as they depended on assumptions about liquid fuel (21).

51. It is beyond the scope of this report to discuss the content of the
scenarios. The ERG has summarised the main features in table 3.5 (22).
It will be seen that the only scenario which postulates the use of nuclear
power is the "Continuation". The ERG has constructed another scenario
in which New Zealand maintains high economic growth while delaying
the introduction of nuclear power until 2020. The scenario includes a
substantial programme of energy conservation and restraint in the growth
of electricity demand, particularly in the use of alternatives to electrical
resistance heating; for example, heat pumps, gas-fired heating, and
district heating (6).

52. The scenario research data can be used to assess specific energy
issues. The ERG considers that for New Zealand, the most important
energy supply issue is the security of liquid fuel supply over the next 50
years. This issue is seen as much more important than that of nuclear
power. The research indicates that there is no simple answer to the liquid
fuel problem, and the ERG concludes that none, of the scenarios
demonstrates a satisfactory solution—"Continuation" and "Low New
Zealand Pollution" rely almost entirely on liquid fuel imports for
transport energy, and "Limited Growth" includes the production of
alcohol from trees, eventually obtaining from it all liquid fuel (6). The
scenario research has also shown that if economic growth continues at
anything like past rates, then New Zealand's fossil fuel reserves will be
virtually depleted by 2030.
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Table 3.5KEY FEATURES
IN
THE
THREE

NZERDCSCENARIOS (Source:
Third
New

Zealand
Energy

Conference
(22))

Continuation
Low
New
Zealand

Limited
Growth

Pollution

1975

2000

2025

2000

2025

2000

2025

Population

...............Millions

3.1

4.2

5.0

4.2

5.0

3.6

3.7

GNPpercapita
(1973)
prices

.........dollars

2,591

4,840

8,060

4,490

6,620

3,782

4,111

Primary
energyper

capita

.........GJ

134

285

498

179

184

130

151

Total
consumerenergy

.........PJ

302

816

1

621

594

813

368

332

Domestic
energyper

capita

.........GJ

11

19

27

17

20

13

13

Commercial
energy
per

employee

......GJ

43

75

128

63

93

58

60

Industrial
consumerenergy

.........PJ

103

361

849

238

311

122

112

Steel
production

............kt

110

1

000

1

500

850

1

000

110

110

Pulp
production

............kt

946

4
300

12
000

2
400

2
400

1

300

1

300

Aluminium
production

.........kt

96

220

220

110

110

10

10

Fuel
usein

cement,
glass
etc.

.........PJ

15

40

79

31

45

15

10

Fuel
usein

food
processing

.........PJ

23

44

66

26

22

21

18

Car
kilometres

............109
km

13

30

36

23

27

13

8

Aviationfuel

............PJ

12

56

109

33

51

21

20

Total
transport
energy

.........PJ

126

232

460

217

310

136

104

Total
primary

energy

............PJ

415

1

195

2
512

747

924

471

556

Electricity
generation...

.........Pj

71

211

550

134

180

81

86

Nuclear

...............PJ

0

9

363

0

0

0

0

Other
thermal

(including
geothermal

and
in-

plant)

...............PJ

15

100

48

29

36

6

5

Nonthermal

............PJ

56

102

139

105

144

75

81

Solid
fuel

...............PJ

65

312

446

112

179

68

95

Percentage
coal

remaining

.........%

100

77

36

90

71

92

86

Gas
(including

wood
gas)

.........PJ

12

235

103

172

161

62

35

Percentage
natural
gas

remaining

......%

100

60

20

71

29

86

80

Liquidfuel

...............PJ

213

375

631

275

370

1-73

102

Geothermal
heat
extracted

.........PJ

56

105

180

52

7

61

61

Energy
imports

............PJ

205

314

1

597

221

320

154

0

Percentage
imported

primary
energy

......%

49

26

64

30

35

33

0
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53. The report includes, as its final section, comments on the draft
report by interested people qualified in a wide range of disciplines. These
comments, both appreciative and critical, include suggestions for further
research such as scenarios based on other sets of values, more economic
analysis, case studies, demographic and behavioural research.

54. In submission 128 the NZED has devised two basic scenarios
"Static" and "Normal Growth", and a third "Electrified Transport"
("Normal Growth" with electrification of part of transport energy needs).
These will be referred to in chapter 4.

Energy Consumption and Social Organisation
55. Many submissions were concerned, not only with the specific

characteristics and impacts of nuclear technology nor with the energy
question as such, but with the very structure of society and the influence of
energy consumption on it. In the early stages of our inquiry, the
Commission for the Environment stated that "Our energy base and
pattern of use can determine the kind of society we are and become.
Alternatively, we can choose the kind of society we want and find the
energy base and pattern of use appropriate to that kind of society." (23).
Many who appeared before us adopted the second of these approaches.

56. We were told that assumptions of energy demand and the
consequent provision of generating capacity, the availability of relatively
cheap energy, and especially the provision of electricity through a
centralised system, have a wide influence on the structure of society (24).
It was further contended that nuclear power, which, for economic reasons
is usually supplied in large blocks of power, would reinforce these
tendencies towards a high energy, industrialised, and centralised society,
and that this would not be in the best interests of the welfare of the
community (25, 26, 27).

57. There was much criticism of the way that energy, and especially
electricity, demand (or use or requirements) is estimated, and it was
alleged that in practice electricity use rises to make use of installed
capacity (24, 28). It was also said that growing industrialisationbased on
greater energy use is not necessarily synonymous with economic growth,
better employment opportunities, or a desirable life-style (23, 29, 30). The
subject of forecasting power needs will be dealt with later. We comment
here that, while we agree that it is not possible to plan for uncontrolled
exponential growth of energy demand (or indeed of anything else), the
planners involved denied that this was, in fact, being done.

58. An increased dependence on a centralised electricity system was
criticised, as was the vulnerability that this is alleged to produce (24, 31).
As somewhat extreme expressions of this point of view, we quote the
submission of, first, the Friends of the Home: "Small scale simple
technologies allow a wider choice to the individual. Centralised control
closes off options. There is independence, satisfaction, and creativity for
the individual in deciding where and how to site a solar water heater, in
planning his house to take advantage of the sun, in stoking a woodfire on
a cold night, in feeling the added comfort after insulating the house. There
is only boredom and alienation in turning on a switch to release a flood of
expensive electricity." (26). And second, that of Dr E. Geiringer: "The
inhabitant of the all-electric house becomes conditioned to accept it as a
fact of life that the flick of a central switch can make life unbearable for
him, and that, in the last analysis there is somebody sitting in the centre
who has the right to tell him when and how to use the energy he needs to
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maintain his basic standard of living. I submit that the inhabitant of a
house that has retained an open fire place, that has a solar panel on the
roof (regardless of who supplied it), and a kerosene lamp in the
cupboard—-just in case—is a different political animal. He is conditioned
to a different view of his relation to central authority." (25). While we
respect the sincerity with which these views are held, neither our own
experience nor our observations lead us to endorse them. More
importantly, we are very conscious that they may be at variance with the
goals of most of the community.

59. We were told that "social attitudes have changed dramatically over
even a few years, to responsibilities to fellow men and to the environment"
(23), and that "in all of the western industrialised countries, the
perception of what are genuine goals for society has been changing very
rapidly over recent years." (3). However, witnesses were unable to
evaluate how widespread such changes in attitude are throughout society,
and it is a matter of regret to us that, as we have already said, those
organisations which might have been expected to advocate energy growth
and the expansion of the economy did not choose to appear before us to
give us evidence of their viewpoints. That there is another attitude
towards energy and the quality of life, was expressed forcibly by the
Secretary of Mines in that part of his department's third submission
which contained his more personal views. He asserted: "The quality of life
is to a surprising extent dependent on the amount of energy available.
Consider the following areas—housing, educational facilities, cultural
activities, health, women's life-style. All these factors are of high social
and human interest. But what is frequently overlooked or not even
realised is that the achievement of these aspirations will certainly make
quite heavy demands on primary energy." (32). Mr. Dick then discussed
expressions of overseas public opinion about nuclear power and suggested
that there could be marked differences in opinion about the need to curtail
energy production and consumption between those groups whom he
called the "Resolute Minority" and the "Silent Majority".

60. As we had no convincing evidence of to what extent the community
would accept a reduced level of energy consumption, we would agree with
the MER that: "Much has been said about the desirability of reverting to
simple life-styles in order to reduce the consumption of energy and other
resources, as well as for a wide variety of other reasons. It is very doubtful,
however, whether radical changes from the present patterns would be
acceptable to the majority of the population." (33).

61. Even if there were a consensus that society should aim for simpler
life-styles, we were given little indication of ways to attain these aims, and
of how present society could be induced to change its values and aims
without prejudicing that personal freedom which was also so strongly
advocated. There were advocates of wide-spread public information,
education, and discussion with reference to the Swedish programme on
energy options in 1974, and the New Zealand Educational Development
Conference of 1975 (27, 34, 35). We strongly support the dissemination of
accurate information on energy matters, including nuclear power, and we
hope that there will be informed discussion on the matter in New Zealand
and that the publication of our report will make a contribution to such
debate. However, we are less convinced of the efficacy of an organised
discussion programme in involving a truly representative number of
people, or in making them feel of real value in the policy decisions which
must be made (see chapter 5).
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62. While there can be considerable doubt about the willingness of
people to change their way of life in order to conserve energy unless large
(and probably unpleasant) constraints were placed on its use, there is
much that could be done without radical changes in the styles of life in
society and in the individual. Many witnesses advocated movement
towards a "sustainable society" or a "conserver" rather than a
"consumer" society by more efficient use of non-renewable resources,
greater conservation of energy (especially electricity), and much more
emphasis on the development of renewable resources such as sun, wind,
and waves. This concept was expounded to us by Dr F. Knelman (36)
who was brought to New Zealand from Canada by the Environment and
Conservation Organisations. It has been eloquently expressed by Amory
Lovins in Energy Strategy: The Road Not Taken (2), quoted to us by many
witnesses. In this concept the so-called "hard technology" is contrasted
with the "soft technology" of renewable energy resources, asserted to be
diverse and flexible, and matched in scale and energy quality to the end-
use needs. It was argued that one consequence of a decision in principle in
favour of nuclear power for New Zealand would be the diversion of
resources from the development of these "benign" sources of energy.

63. It now seems to be generally accepted (see chapter 1) that New
Zealand has time and opportunity to defer a decision on whether to
import an electricity technology (especially nuclear power). Instead, it
could combine a lower energy growth rate, improved energy efficiencies,
and accelerated development of indigenous resources (23, 37). This would
be attractive if it could be done withoutadversely affecting the economy or
penalising any sections of the community. However, reducing demand
and substituting other energy sources have their own long lead times
which we consider are too often overlooked or underestimated by their
proponents. The economic and environmental effects of the development
of further indigenous energy sources require serious consideration and are
dealt with in other sections of this report.

CONCLUSION
64. Mankind at present uses only a small part of the total energy

reaching the earth from the sun. The fossil fuels relied on so heavily for
energy resources are finite. How large the reserves are, and when they are
likely to be exhausted, is a matter of speculation and dispute. The looming
energy problem, however, is not so much a matter of complete depletion of
fuels, as of demand outstripping supply, appearing first in the form of
rising real prices for energy.

65. Scenarios which project energy demand and supply well into the
twenty-first century show that with our present consumption patterns and
energy technology there will be a widening "energy gap" opening up. On
present knowledge the means of filling this gap would seem to consist of
limiting per capita energy consumption, of making more efficient use of
non-renewable energy resources, of developing renewable "energy
resources, and of using nuclear power, including fast breeder reactors.
Probably a combination of all of these will be needed. This is the context
in which we discuss electricity and nuclear power.
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Chapter 4. NUCLEAR POWER
INTRODUCTION

1. From the discussion given in Part III it appears unlikely that New
Zealand will need to commission a nuclear station before the turn of the
century. It is even conceivable that the introduction of such plant may be
unwarranted for many years beyond that time. However, we are not
prepared to say that it will never be needed, nor that it will always be
undesirable. Many of the problems that make it appear an unattractive
alternative at present could be satisfactorily resolved in the future, and
basic economic and environmental factors could well lead to nuclear
power becoming the first choice.

2. Within the OECD countries, the lEA sees no alternative to the use of
nuclear power. If present plans were dropped, a further 6 million barrels
of oil a day would be needed by 1985. This corresponds to 214 GWeand is
to be compared with an estimated 26 million barrels a day of world
imports of oil by that time. It appears that Japan in particular has little
choice, as most of its electricity is at present generated from oil and there
is considerable opposition there to using coal. Again, countries like France
and Spain have few indigenous resources that can be used to produce
electricity.

3. There are of course, as implied in the previous chapter, many who
believe that we should reduce our energy demands now rather than
develop a future dependence on nuclear power. They believe that ques-tions of safety, waste disposal, proliferation, etc., all make it an unaccept-
able solution to our long-term energy needs. They point out that, depend-
ing on the final form nuclear power may take, it may be only short-lived as
a major technology, and the high-energy society which demanded it may
be unsustainable. It would thus be prudent to plan our societies now in
such a way that our future energy demands could be met from renewable
as distinct from finite resources. This assumes that such societies can
exist, allowance being made for the presently ever-increasing world
population.

4. New Zealand is fortunate in that it does not have to make an
immediate decision. It can observe the many present studies and inquiriesbefore it must decide. Such a situation, though, does not make our task
any the easier. In being asked to report on the consequences of a nuclear
power programme for the generation of electricity, we are essentiallybeing asked to report on technologies which may well be different, or even
abandoned, by the time they may be needed; and to comment on
international matters that still remain to be raised, let alone resolved.

5. However, the fundamental concepts of radiobiological protection,
waste disposal, and, from the long time-scales associated with develop-
ment, even reactor types and their relevant fuel cycles are unlikely to
change drastically for at least 20 to 30 years. It follows that a reasonable
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assessment of possible consequences can be made for periods of time
relevant to a New Zealand context. Such an assessment is obviously
necessary to define those problems peculiar to New Zealand and thus
ensure that these are adequately studied before any final decision on the
possible introduction of nuclear power is made.

6. In this chapter we discuss nuclear power in general terms, detailed
discussion of specific topics of direct interest to New Zealand being left till
Part IV. In doing this we are aware of the wealth of material given us by
those making submissions, which we acknowledge with appreciation.
However, in what is essentially a review, we must inevitably be selective
in our topics, and the emphasis given to various aspects no doubt reflects
the impressions and experience we gained while overseas.

THE GENERATION OF ELECTRICITY BY NUCLEAR POWER
7. Many adequate accounts of the generation of electricity by nuclear

power have been given (for example, references 103, 12, 4, and 111). We
have no wish to add to this literature, but it is necessary for us to
summarise the more pertinent aspects to define the many problems
brought to our attention during our hearings.

The Steam Cycle
8. In a conventional thermal base-load plant, electricity is produced by

boiling water to make steam. This drives a turbine which in turn drives an
electrical generator which produces electrical energy. The steam is
produced in a boiler or (in the language of nuclear power) a steam generator,
from which it normally passes through several turbine stages to a condenser
where it is returned to water and subsequently pumped back into the
boiler. The complete sequence of events is referred to as a steam cycle. An
external flow of water about the condenser carries away the heat
associated with condensation. This cooling water may be obtained from a
river, a cooling pond, the oceans, or be continuously circulated through
cooling towers, the heat eventually being discharged to and dispersed in
the atmosphere.

9. The heat for the boiler, or steam generator, may be obtained from
fossil fuels in a furnace, or from the core of a nuclear reactor. The fossil
fuels used are coal, oil, and natural gas. The heat originates from the
chemical interaction between carbon and/or hydrogen with oxygen in the
air. The reaction products, carbon dioxide (CO2) and water vapour
(H2O), are continuously discharged to the atmosphere through a chimney
stack. In the case of a nuclear reactor, the basic fuels are isotopes of
uranium and/or plutonium, the heat originating from the fissioning, that is
the breaking up of these atoms into others of lower mass such as iodine,
strontium, caesium, etc. These reaction products are retained with the
unburnt fuel.

10. In a fossil-fuelled plant we can think of the water and steam in the
boiler as cooling the furnace. In certain types of nuclear plants the core is
cooled in a similar manner, but in others the cooling is indirect. That is,
the core is cooled by a separate fluid, liquid or gas, referred to as the
coolant. The coolant provides the heat for the steam generator.
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11. Normally within a station there is more than one turbine-generator
unit, each such unit being driven by a separate heat source. But in the
case of nuclear reactors, there may be more than one steam generator,
each normally requiring its own cooling loop; although, again, it is usual
for these generators to supply only the one turbine unit. The characteris-
tics of a station are usually expressed in terms of its net generating
capacity (MW) and generating capability (MWh). Of more fundamental
importance is its thermal efficiency and output or, to be more extxt,
availability factor which is the fraction of time for which the station is
available for use.

12. Thermal efficiency, expressed as a percentage, is defined as the
fraction of energy released by the fuel which leaves the generating station
as electricity. In a fossil-fuelled plant there are heat lossses of 6-11 percent
through the chimney stack, losses of 1-2 percent in converting the turbine
mechanical power to electrical power, and losses of about 4 percent
associated with station use of part of the electrical output to run
auxiliaries such as pumps, fuel handling devices, forced draught fans, etc.
Similar losses (except for chimney losses) occur in a nuclear plant. In both
cases the largest loss is inherent in the steam cycle, and this appears as
waste heat in the condenser cooling water. The ratio of this energy loss to
the energy provided to the boiler or steam generator is a function of the
temperature of the steam before it enters the turbine. It is an inevitable
loss determined by basic thermodynamic principles rather than by
inadequate design. It can be minimised by optimising the steam cycle by
superheating the steam coming from the boiler, by reheating the steam after
it has passed through the high-pressure stage of the turbine, and by
feedheating, that is, by heating the water in transit from the condenser to
the boiler with steam bled from various turbine inlet and outlet stages. In
superheating, the steam from the boiler, or steam generator, is returned to
the heat source before entering the first turbine stage. To be effective the
temperature of the heat source must be significantly greater than that of
the steam.

13. With such techniques, at best only about 45 percent of the heat
originally transferred from the heat source to the boiler or steam generator
can be converted to mechanical energy by the turbine. The remaining 55
percent appears as waste heat in the condenser cooling water. The upper
limit is set by the inherent properties of steam, and the mechanical
properties of the materials used. It corresponds to steam temperatures of
about 550° C and associated steam pressures close to safety limits. It
follows that in a fossil-fuelled plant, on allowing for the other losses,
station efficiencies of about 38-40 percent only are possible. In the case of
nuclear plants, since there are no chimney losses, it is possible with gas-
and liquid-metal cooling of the core to reach values higher than this. But if
the coolant is water, there is little opportunity for superheating. In all
cases, the steam temperatures used can be limited by both the reactor core
materials and fuel type, rather than pressure in the steam circuit. Because
of this, most present commercial nuclear stations have efficiencies of
significantly less than 38-40 percent.

14. The second fundamental characteristic of a generating station is its
output factor, that is the fraction of time it is in operation (see chapter 7 for
an exact definition). In a conventional system, one would plan for this to
be 70 percent or greater in standard base-load operation. Unfortunately,
because of unforeseen problems, this may not be attainable. For normal
maintenance and repair, one expects a unit to be on average unavailable
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for about 1 month a year; that is, it has a planned outage factorof about 8.5
percent. However, it could also have forced outages from malfunction, etc.
These could be associated with the operation and control of the heat
source, but are just as likely to be associated with the steam cycle, in
particular with the turbine unit.

15. Turbine-generator units of 660 MW are being installed in the new
fossil-fuelled as well as the nuclear plants in Britain. In many nuclear
plants still larger units of about 1100 MW are being used, and units of
1300 MW are being contemplated. The new large units have inevitably
had problems, giving, at least during the initial stages, low output factors.
In general, in the first years of a station's operation, problems are to be
expected. However, availability factors should increase with use to a
maximum and thereafter slowly decrease as the plant ages. Finally, as
newer and more efficient plant is introduced, a base-load plant will be
transferred to intermediate-load or load-following duty (see chapter 7).

16. At maximum efficiency, a modern 1 GWe fossil-fuelled plant needs
for a 70 percent output factor, the following fuel for a year's operation (in
million tonnes): coal, 2.3; oil, 1.4; or natural gas, 1.1. In the case of a
nuclear station, the actual value depends on the reactor type and the
specific nature of the fuel. Unlike a fossil-fuelled plant in which fuel and
air are continuously fed into the furnace and burnt, existing nuclear plants
have the fuel in rods which are mounted in geometrically fixed positions
within the core. After a certain fractional burn up these are replaced, the
frequency of replacement depending on reactor type.

17. In general, for a 1 GWe station and the types of reactors at present
in commercial operation, approximately 200 tonnes of natural uranium
are needed a year; that is, each station represents a commitment of about
5000 tonnes for a 25-year life. Advanced reactors can reduce this by about
a factor of 50, although in some such concepts thorium is also needed.

18. Irrespective of reactor type, a 1 GWe nuclear station produces
about 1 tonne of reaction (that is, fission) products a year. From the
preceding paragraph it follows that for the present commercial type of
reactor, about 200 tonnes of "ash" or "slag" equivalent (that is, material
that is not burnt) must be disposed of each year. For comparison, in a
fossil-fuelled plant about 3-6 million tonnes of carbon dioxide are
produced each year, and in the case of coal about 350 000 tonnes of ash,
primarily fly ash, which is removed from the flue by electrostatic
precipitators with an efficiency greater than 98 percent. There is virtually
no ash with plants fuelled by oil or natural gas.

19. Such a comparison between the outputs of a fossil-fuelled and a
nuclear station is, however, misleading. In the first place, 1 tonne of
natural uranium requires the mining of about 1000 tonnes of ore. Thus,
counting the tailings (that is, what is left after the uranium has been
extracted), the present type of nuclear station produces the equivalent of
about 200 000 tonnes of ash and slag per 1 GWe per annum, not so very
different from a plant fuelled by coal. In addition, nuclear plants produce
other wastes which require careful attention. Second, the physical nature
of the reaction products is quite different. However, if other reaction
products (such as oxides of sulphur and nitrogen which can also be
produced in fossil-fuelled plants) are taken account of, both types of waste
are deleterious and potentially dangerous to man (see chapter 9).
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Reactor Physics
20. A nuclear reactor consists of a core which contains the fuel immersed

in a moderator and surrounded by a reflector. The core is cooled by the
coolant, and the heat produced is controlled by inserting rods. The whole
is contained within a reactor vessel which is in turn surrounded by a
biological shieldand enclosed within a containment building. If the coolant is
maintained at a high pressure, the reactor vessel is referred to as a pressure
vessel. The containment building encloses the reactor vessel and steam
generating plant, but does not normally enclose the turbine-generator,
etc.

21. The fuel contains the fissile nuclei. Fission occurs when a neutron is
absorbed, the nucleus of a fissile atom splitting into nuclei of lighter
atoms. The lighter atoms, which are the reaction or fission products, are
accompanied by the emission of two to three neutrons. If these neutrons
can cause another fission, then a chain reaction can be produced, the
energy released appearing as the kinetic energy (that is, the energy
associated with motion) of the reaction products and emitted neutrons.
Not all the emitted neutrons cause a further fission. Some may be
absorbed by a variety of atoms without fission, and others may escape
from the fuel before they have time to react. The core of a reactor is so
designed that at least one neutron from each fission may be made to
induce a further fission. This is done through the geometric structure and
the exact nature of the fuel, and by the use of a moderator and/or a
reflector. The latter reduces the escape of neutrons from the core and the
former reduces the speed of the emitted neutrons to values for which the
probability of capture followed by fission is greatly enhanced.

22. The reactor is controlled in various ways; in a gross manner, by
replacing burnt by fresh fuel, by the use of control rods made of neutron-
absorbing material such as boron or hafnium, and sometimes the
moderator is varied in one way or another to control the reaction rate. In
all cases the basic aim is to control the flux of neutrons. Depending on the
type of reactor, the life-time of most neutrons produced in a fission event is
measured in either micro-seconds or milli-seconds. Such neutrons are
referred to as prompt. There are others, referred to as delayed, which are
emitted by certain of the fission products in times of the order of seconds
or longer after the fission event. The delayed neutrons enable the core to
be adequately controlled. Control rods are used to ensure that the reactor
can never become critical, that is, never reach a state where the number of
neutrons produced equals the number lost per unit time, on prompt
neutrons alone.

23. Obviously nuclear reactors of the type at present being discussed
depend on the existence of fissile atoms. Provided the neutron energy is
sufficiently high, all heavy atoms (that is, those heavier than iron) may be
fissioned. But only a few types may be fissioned by neutrons with energies
characteristic of those emitted by the fission process itself, that is, only a
few types can be used to sustain a chain reaction. It is these which are
called fissile, and are isotopes of uranium and plutonium.

24. All isotopes of a given element have the same number of electrons
(and hence, protons), but differ in the number of neutrons in the nucleus.
That is, isotopes of the same element have the same atomic, as distinct from
nuclear, structure and are chemically indistinguishable, but can be distin-
guished at a nuclear level. Of particular interest are the uranium isotopes
uranium-235 and uranium-238, which are chemically the same but show
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quite different nuclear properties. A uranium atom has 92 electrons and
within its nucleus 92 protons. In uranium-235 the total number of
nucleons (that is, protons plus neutrons) is 235 and hence there are 143
neutrons. By comparison uranium-238 with 238 nucleons has 146 neut-
rons. The difference is sufficient for uranium-235 to be a fissile material,
whereas uranium-238 is not.

25. Uranium-235 is the only fissile isotope of any consequence which
occurs naturally. Natural uranium contains 0.7 percent fissile uranium-
-235, the remainder being the non-fissile uranium-238. Other fissile
isotopes may be created by the neutrons released in a fission process.
Uranium-238 and thorium-232 in particular are said to be fertile materials
because when they absorb a neutron, a series of reactions occur leading to
the isotopes plutonium-239 and uranium-233, both of which are fissile.
The process which changes a fertile atom into a fissile atom using
neutrons released in a fission process is called conversion. As reactor fuel in
general consists of both fertile and fissile material, it is convenient to
define a conversion ratio as given by the ratio of the number of fissile nuclei
formed by conversion to the number of fissile nuclei consumed. If the
design of a reactor and its fuel is such that this ratio is less than unity, then
the number of fissile nuclei decreases with time; but if it is greater than
unity, the reactor can breed more fissile material than it consumes. The
ratio is then referred to as the breeding ratio rather than the conversion
ratio. Reactors are designated as converters or burners, advanced converters or
near breeders or breeders depending on whether the conversion ratio is
significantly less than, slightly less than, or greater than unity.

26. Another concept of fundamental importance is that of enrichment-,
that is, the percentage of fissile material in the fuel. The rest of the fuel
normally consists of fertile material. If the fertile and fissile atoms are
chemically different, and the enrichment throughout the core is not
homogeneous, the term often used is spiking, rather than enrichment.

27. For low enrichments, the neutrons emitted from a fission process are
too fast to cause sufficient subsequent fissions to maintain a chain
reaction. They must therefore be slowed down by about a factor of 10 000
to speeds comparable with the thermal speeds of the surrounding
molecules. This is done by a moderator, commonly of light water (H2O),
or heavy water (D2O), or graphite. In heavy water, deuterium, a heavy
isotope of hydrogen, replaces hydrogen. The neutrons are slowed by
collision with the atoms of the moderator. At very low enrichments, like
that of natural uranium, light water cannot be used as it absorbs too many
neutrons, changing hydrogen to deuterium, for a critical state to be
reached. In contrast, high enrichment may allow sufficient fissions per
unit volume to occur even where there is no slowing of neutrons, and the
moderator may be dispensed with. In such a case we have what is called a

fast reactor as distinct from a thermal reactor. This general classification refers
to the speed of the neutrons responsible for fission.

28. In general, a thermal reactor using uranium and/or plutonium as
the fissile, and uranium as the fertile, material is a converter. A thermal
reactor using uranium as the fissile material and thorium as the fertile
material can be an advanced converter or a somewhat inefficient breeder.
But if the degree of enrichment is sufficient for either type of fuel to be
used in a fast reactor, then breeding occurs, and it becomes a fast breeder
reactor or FBR.

29. In general, the reactor fuel will consist of a mixture of fertile and
fissile material which may exist in a number of different physical and
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chemical forms. It can simply be the metal uranium, or uranium and/or
plutonium dioxide, or uranium and thorium dioxide, or a carbide or
nitride. In certain experimental reactors, it has even taken the form of a
molten salt solution consisting of fluorides. The exact form depends on the
required physical properties. As an example of how such properties may
influence choice, we note that the melting points of metallic uranium and
thorium are 1130° C and 1700° C respectively, and that the melting points
of the ceramic forms, uranium dioxide and thorium dioxide, are 2750° C
and 3290° C (160). Again, metallic uranium undergoes a crystalline phase
change at 665°C, further limiting its usefulness.

30. In existing reactor types, the dioxide form is the most common. In
such cases the fuel is fabricated as small cylindrical pellets which are
sealed inside tubes of stainless steel or zircaloy, an alloy of zirconium.
Each such tube is called a fuel rod or pin and these are clustered into what
are called fuel assemblies. In a reactor the number of rods and assemblies
depends on the power output required, and is quite different for different
reactor types. The assemblies are immersed in the moderator and coolant.
The fuel tube material is referred to as the fuel cladding or canning, and this
can often limit the operating temperature of the core.

31. During the operation of the reactor, fission products build up within
a fuel element. These products are contained within the element, although
some of the gaseous products can leak into the space between the fuel
element and the cladding. Some of the fission and other transmuted
products absorb neutrons, and after a certain time, before all the original
fuel is consumed, fuel rods must be replaced to maintain the reactor in a
useful power producing state. This can be done in certain reactor types
with the reactor still on load, but in others the reactor must be shut down.

32. The removed fuel is said to be spent. It does, however, contain some
of the original fissile material and a contribution of new fissile material
from the conversion of fertile material, some of which could of course have
also been consumed. In fact, up to 50 percent of the energy output can
come from converted material. The recovery of this fissile material (that
is, in particular, the separation of the spent fuel into fissile, fertile, and
fission products) is called reprocessing. The fabrication of the recovered
fissile component into new fuel elements and its re-use in a reactor is
called recycling. To take full advantage of the conversion or breeding
properties of a reactor, there must be reprocessing followed by recycling.

33. In a uranium-plutonium FBR, the breeding ratio can be made
significantly greater than unity, and it is therefore possible to breed
enough fuel to supply a second reactor, as well as enough to sustain the
original. In a thorium-uranium thermal breeder, the breeding or conver-
sion ratio is unlikely to be significantly greater than unity. Thus it is
possible after an initial charge of uranium-235 to produce only enough
uranium-233 to sustain the original reactor. Additional reactors would
need further initial charges of uranium-235, or plutonium-239, as there
would be no surplus uranium-233. Therefore, at best, a thorium thermal
breeder will be self-sustaining only, the associated events being termed the
self-sufficient thorium cycle. (In fact even this may not be possible, as the
uranium-233 may need to be supplemented with other fissile material,
uranium-235 or plutonium-239.)

34. For either type of breeding system the net effect is similar, the
effective uranium reserves being increased by about 50 times. Similarly,
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the use of advanced converters (near breeders) would also have major
effects on uranium reserves, although in all cases reprocessing followed by
recycling would be necessary.

35. For reactors in which the breeding ratio is significantly greater than
unity, one can define a doubling time corresponding to the time taken for a
reactor to double the fissile material. Since, however, continual refuelling
followed by reprocessing is necessary, this time must also take into
account the material in the reprocessing plant and that in transit between
the plant and the reactor. This could be two to three times that in the
reactor itself, the exact value depending on the speed with which the spent
fuel is reprocessed and new fuel fabricated. The total amounts of both
fissile and fertile material in existence at any instant of time is referred to
as the inventory. For a thermal breeder, the inventory would also include
both thorium and uranium-233. Since thorium may have to be stored for
some years after reprocessing (see paragraph 81), the thorium inventory
could be large, though the rate of consumption would be negligible.

36. The introduction of breeding reactors into an electrical generating
system would have little immediate effect on the demand for uranium.
The initial inventories for the reactors must be filled with both fertile and
fissile material. Uranium-plutonium fuels would be supplied from the
spent fuel of thermal reactors (an indirect demand), and thermal breeders
would need freshly mined thorium and uranium, or recycled uranium, or
plutonium.

37. The doubling time of the system itself must also be taken into
account. For the uranium-plutonium breeder, if this doubling time is
shorter than that of the fuel, the demand for uranium will be almost the
same as if only thermal reactors are used. If the doubling time of the
system is longer than that of the fuel, the demandfor uranium will quickly
drop once sufficient breeders have been established, and will eventually
become negligible.

POWER REACTOR TYPES
38. From the previous discussion it is apparent that a specific type of

reactor and power station is characterised by many parameters which
include the type of fuel, the degree of enrichment, the number of fuel
assemblies and rods for each assembly, fuel replacement rates, the fuel
cladding, the type of moderator and coolant, whether the coolant is used
directly or indirectly to drive the steam cycle, conversion or breeding
ratios, steam temperatures, thermal efficiency, output and availability
factors, whether refuelling is on load or off load, etc. The specific power
(expressed in MW per kg of fissile material consumed) is of interest, as is a
related parameter the core power density in, say, kW per litre, which is
inversely proportional to the physical size of the reactor.

39. At present there are three basic types of reactors in commercial
operation: the gas-cooled graphite-moderated reactors manufactured and
used in Britain, the light-water reactors which were originally developed
in the United States but now also being produced by certain European
countries, and the heavy-water reactors, for example, the Canadian
CANDU. A fourth type, a hybrid in terms of the other three, is a Soviet
reactor in which the coolant is light water and the moderator, graphite.
All are thermal reactors, and to date there has been little or no recycling,
except to provide fuels for prototype fast reactors. There is an increasing
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tendency to standardise on the turbine-generator units, with sizes of 600
MW and 1000-1200 MW being favoured. Units of 1300 MW are also
contemplated, as the larger the unit the cheaper the output per unit of
electricity. Fossil-fuelled boilers are not available for the very large units,
a basic reason for a sustained interest in nuclear power (161).

40. Fast breeder reactors employing uranium-plutonium fuels are at the
prototype stage and in some cases have been feeding electrical energy into
generating systems. Thermal breeders are essentially in the experimental
and developmental stages, although one such plant is still in the process of
being fully commissioned as a commercial plant at Fort St. Vrain in the
United States.

41. In the following subsections we briefly summarise the more impor-
tant characteristics of the present and potential commercial reactor
systems. We had the opportunity to see most in operation, and a number
being built. The quantitative values given for a particular reactor type can
only be regarded as average or typical. The exact values are often peculiar
to an individual plant, even though other plants may be basically the
same. Details can be found in the lAEA report on power reactors (162).

Magnox Reactors
42. The CEGB operates 8 Magnox stations in Britain. The name

derives from the magnesium-aluminium alloy used for the fuel cladding.
In these reactors the fuel consists of rods of naturally enriched uranium
metal. The moderator is graphite and the coolant carbon dioxide. Refuel-
ling is carried out on load. The conversionratio is high, 0.86 (174), but the
core power density is low at about 0.6 kW per litre. There is no superheat;
the steam temperature is about 350°C, and station efficiencies of about 25
percent are low. However, lifetime output factors of close to 80 percent
have been reached. The CEGB 1976—77 annual report notes that:

The Board's first two Magnox stations, Berkeley and Bradwell, which were
fcommissioned in 1962, have each generated more electricity already than any
fossil-fuelled station of comparable size and age would be likely to generate over
its 30 year lifetime.

At present the Magnox stations provide about 12 percent of the CEGB's
total electrical output. In spite of this record, no further Magnox stations
are to be built, as there are said to be superior alternatives. The difficulties
of this type of reactor are associated with limitations of temperature
imposed by the fuel cladding and by corrosion in general which occurs
even though carbon dioxide is the coolant. Again, the low core power
density leads to high capital cost, making the reactors unsuitable as heat
sources for large generating units. Nevertheless, the existing units are still
likely to be in use in the 19905.

AGR
43. The acronym stands for "advanced gas-cooled reactor". In Britain

there are two working AGR stations and three under construction. They
are basically an upgraded version of the Magnox type. The fuel cladding
is stainless steel and the fuel pellets slightly (1.6 to 2.3 percent) enriched
uranium dioxide. The coolant is still carbon dioxide and the moderator,
graphite. Enrichment is necessary since stainless steel absorbs neutrons.
The steam temperature is 541°C; there is superheat, and the steam cycle is
little different from that of a fossil-fuelled plant. Station efficiencies of
41-42 percent can be reached, and core power densities are low (about 2.7
kW per litre) but considerably higher than those in the Magnox type. The
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conversion ratio is 0.44 (174). The two stations in operation are at present
completing commissioning procedures, and, hence, output factors are for
the moment irrelevant. The turbine-generators are 625 MW units. The
pressure vessel and biological shields are combined into one pre-stressed
concrete cylinder, 5 metres thick. Refuelling is carried out on load.

LWR
44. This stands for "light-water reactor" and refers to the moderator-

coolant as both moderating and cooling is done by the same volume of
water. There are two basic types of LWR, the PWR ("pressurised-water
reactor") and the BWR ("boiling-water reactor"). In both, the fuel is
pellets of uranium dioxide clad in zircaloy. Enrichment is about 3 percent
uranium-235, and is lower on the initial loading.

45. In the PWR, the coolant is under pressure to prevent boiling, the
pressure vessel consisting of welded steel 0.203 metres thick. The coolant
outlet temperature is 318°C, and the steam temperature about 280°C.
There is little or no opportunity for superheat, and station efficiencies of
about 32 percent only are reached. Turbine-generator units of about 1100
MW are now being installed in most new stations. The efficiency is
limited by the coolant temperature which in turn is limited by the strength
of the reactor pressure vessel. In the BWR, the coolant-moderator is
allowed to boil, and the steam produced used to drive the turbine directly.
The steam temperature is about 280°C, and station efficiencies similar to
those of the PWR are reached. In the PWR, the core power density is high
at about 100 kW per litre, and in the BWR it is about 50 kW per litre.
Conversion ratios are about 0.55. Of an initial loading of about 90 tonnes
of uranium per GWe, about 35 tonnes per GWe are discharged once each
year with the reactor off load. In LWRs the reactor vessels are surrounded
by concrete biological shields, and, together with the steam generators,
enclosed in usually cylindrical, dome-capped, post-stressed concrete
containment buildings.

46. In the United States output factors have not been entirely satisfac-
tory up to the present although it appears that many stations are still
going through a learning stage. The Atomic Industrial Forum (AIF), an

American organisation with members within and outside the United
States, reports the following output and availability factors for both
nuclear and fossil-fuelled plants in the United States for 1976 (163):

Output Factor Availability
percent percent

Nuclear ... ... 61.6 71.6
Coal ... ... 58.7 75.9
Oil ... ... 50.7 75.5

For the first half of 1977, the AIF gives the following figures for nuclear:
output factor, 65.8 percent; availability, 74.7 percent. In the United States
nearly all nuclear plants are LWRs.

HWR
47. The acronym stands for "heavy-water reactor", and refers to the

moderator. The most successful of such concepts is the CANDU
(Canadian-deuterium-uranium). The moderator and coolant are separate
in a CANDU. The moderator is unpressurised, but the coolant is driven
under pressure through individual tubes surrounding the fuel elements,
the whole being contained within what is referred to as the "calandria".
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The fuel is naturally enriched uranium dioxide with zircaloy cladding,
refuelling being continually carried out with the plant on load. There are
two types, the CANDU-PHW and the CANDU-BLW with only one of
the latter built. In the PHW ("pressurised heavy water"), the coolant is
also heavy water, but in the BLW ("boiling light-water") the coolant is
light water which is allowed to boil and drive the turbines directly, as in a
BWR.

48. In the standard PHW, the steam temperature is about 250° C and
the station efficiency about 29 percent. The lower efficiency compared
with the LWR is due to the lower steam temperature, and energy losses in
the moderator which is not in the steam raising circuit. However, the
conversion ratio in an HWR is about 0.7, significantly higher than that of
an LWR, and hence, in the absence of recycling, there is a claimed
improvement of 30 to 40 percent in overall fuel use. Core power density is
about 9 kW per litre. Output factors for CANDU plants have been high.
The Pickering A station of 2000 MWe has had a lifetime output factor of
77 percent, and an annual factor of 93 percent in 1976 (165). Other
stations, such as Bruce with an ultimate capacity of 3000 MWe, have still
to prove themselves.

49. New plants standardise on 600 MW turbine-generators. There were
at the time of writing 13 GWe of CANDU power stations under construc-
tion or in operation, with contracts in Argentina and Korea as well as in
Canada. Discussions and negotiations were also taking place in Italy,
Romania, Japan, and Mexico.

50. A British counterpart to the CANDU-BLW is the SGHWR ("steam
generating HWR") in which the fuel is enriched to 2.6 percent uranium-
-235. Although approved as a replacement for the Magnox reactors by the
British Government in 1974, the future for this type of reactor is still
uncertain.

51. HWR technology demands an adequate supply of heavy water. New
plants are now being built close to nuclear power stations to use the low-
cost process steam. Since a 1 GWe plant requires 800 to 900 tonnes of
deuterium oxide at a world price of about $100 per kg, this is obviously of
major importance (44).
FBR (Fast Breeder Reactor)

52. The USSR is committed to FBR technology though it operates other
reactor types, namely PWR and LWGR ("light-water cooled, graphite
moderated"). Two prototype FBRs of 350 MWe and 600 MWe are at
present operating. In France, after an initial programme of study on a
prototype plant "Phenix", a full scale 1200 MWe commercial version,
"Super Phenix", is at present planned. In Britain a 250 MWe prototype
("PFR") at Dounreay in Scotland is feeding electricity into the grid.

53. There are a number of possibilities for this type of plant, including
loop or pool, with gas or liquid, cooling. The one at present favoured is the
LMFBR ("liquid metal FBR") which is of the pool type, so-called
because it uses a pool of liquid metallic sodium as the coolant. The fuel
consists of fissile plutonium dioxide and fertile uranium dioxide. The
sodium cooling the core becomes radioactive and hence this is used to heat
a secondary sodium circuit which provides the heat for the steam
generator.

54. In the PFR the enrichment is 20-27 percent depending on the
positioning of a particular fuel element in the core. The core is surrounded
by a blanket of uranium depleted in uranium-235, which, besides provid-
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ing additional ferule material, also acts as a neutron reflector. The steam
temperature is about 520° C and station efficiencies of about 42 percent are
reached. The core power density is 500 kW per litre. In the absence of the
complete fuel cycle facilities, fuel doubling times are somewhat irrelevant.
However, members of the Commission were informed that 45 years might
be a representative figure.

55. In the plants at present planned for truly commercial operation
(Super Phenix in France, and CFR ("commercial fast reactor") in.
Britain), the average enrichment is less than that in the PFR. Core power
densities are reduced to around 270 and 150 kW per litre respectively, and
steam temperatures are 480°C, though superheat will still be used.

56. It has been suggested that an LMFBR could operate with uranium-
-233 with a thorium blanket. Its breeding ratio would be less than that of
an LMFBR fuelled with uranium and plutonium, but it should, neverthe-
less, be able to provide sufficient uranium-233 to maintain itself, and as
well, support two or three burners.

Thermal Breeders and Advanced Converters
57. Of these types of systems the one closest to commercial use is the

HTGR ("high temperature gas-cooled reactor"). The temperature at the
coolant outlet is about 785°C, and, for a conventional steam cycle, steam
temperatures of 540° C and net thermal efficiencies in excess of 40 percent
are anticipated. The fuel is a mixture of enriched uranium, about 93
percent uranium-235, uranium-233, and thorium-232, the thorium-232
replacing the uranium-238 in a uranium-type thermal reactor. The mix of
fuels varies over the lifetime of the reactor. The initial loading consists of
highly enriched uranium and thorium-232; in subsequent loadings, recy-
cled uranium-233 replaces uranium-235. The coolant is helium, and the
moderator graphite. The fuel cladding consists of layers of graphite and
silicon carbide, the basic fuel elements being microspheres of uranium or
thorium oxide or carbide. The reactor must be shut down for refuelling. It
is believed that a conversion ratio of 0.95 can be reached. Thus, in
subsequent cycles it would need little topping up with fissile material over
and above uranium-233. The core power density could be about 6 kW per
litre. An associated concept is the "pebble bed reactor" represented by
AVR and TTHT-300 in West Germany, with coolant temperatures
reaching 950°C.

58. The only strictly commercial HTGR is at Fort St. Vrain in the
United States. This has still to reach full power. However, contrary to
common belief, the American vendors, General Atomic, are extremely
hopeful about future developments in this field. With such high coolant
temperatures there is the possibility of a direct gas turbine cycle and
process heat applications.

59. Other possibilities include the LWBR ("light-water breeder reac-
tor"), a concept based on the PWR, and the MSR ("molten-salt reac-
tor"). In both cases it is hoped that at least the self-sufficient thorium
cycle may be achieved. In particular at Shippingport in the United States,
a PWR has been changed to an LWBR, and should be operating now on a
commercial basis (158). A further possibility is the use of thorium in a
CANDU-type reactor. If the breeding ratio is less than unity, then
topping up will be needed. Nevertheless, there could be significant
improvements in the utilisation of uranium. It will be 1995 before the
complete thorium cycle in the CANDU is demonstrated to the point
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where commercial implementation could begin. This system would then
have the flexibility to operate on either the uranium or thorium cycle,
depending on economics and the availability of fuel (160).

FUEL CYCLES
60. The processes the fuel for nuclear reactors undergo are referred to as

the fuel cycle, a term which includes mining the ore, milling, conversion to
a gas for enrichment, enrichment, fabrication, irradiation in a reactor,
storage as spent fuel, reprocessing, and recycling. At all stages there are
radioactive wastes, and associated dangers range from the trivial to the
extreme. Wastes must be managed in a manner which protects both
human health and the environment. Although economics are of great
importance, they are not prime considerations, as a recent publication on
waste management by an NEA group of experts states: "The overriding
considerations in the evolution of satisfactory radioactive waste manage-
ment schemes are human health and safety with due regard being paid to
any other potential impact on human activities and the environment"
(99).

61. The basic principles of radiological protection underlying waste
management fuel-cycle activities, and reactor operations in general, are
based on a set of criteria recommended by the ICRP. This is an indepen-
dent organisation originally established in 1928 to set dose limits for
diagnostic X-rays and radium therapy. Its recommendations on radio-
biological protection are continually updated (a new set was published in
1977), and are widely used internationally. We are primarily concerned
here to define the nature and origin of radiation. We discuss its effects in
chapter 11.
Radiation

62. Radioactivity is the emission of particles or quanta from the nuclei
of various isotopes. Such particles can ionise, and since ionised molecules
can enter into chemical reactions different from those of the un-ionised
state, they have the potential to cause serious damage to living tissues.
Most subatomic particles can cause such damage. Those of interest in
nuclear power technology are neutrons, and gamma, beta, and alpha
particles.

63. The neutrons inherent in the fission process are confined to the
reactor vessel and are not a direct danger, except in particular types of
accidents. Gamma rays consist of quanta of hard X-rays, and beta rays
consist of positively (or, more likely, negatively) charged electrons. Alpha
particles are the nuclei of heliumatoms, consisting of two protons plus two
neutrons tightly bound together. The biological damage that these parti-
cles can cause depends on their energy, with alphas in general being able
to cause significantly more damage than betas or gammas. However,
alphas may be stopped by a sheet of paper, and are only a biological
hazard if alpha emitters are taken into the body by ingestion, inhalation,
or through a wound. In such cases they cause dense trails of ionisationon
a cellular scale, killing many cells and leaving others in a state potentially
cancerous. Although a single gamma quanta may cause less but similar
damage than an alpha, gammas are extremely penetrating, hence an
external source of them can be equally, if not more, dangerous than an
internal source of alphas.



93CHAPTER 4

64. In emitting a particle, a nucleus is said to disintegrate or decay,
becoming with the emission of an alpha or beta an isotope of a different
chemical substance, which could itself be radioactive. The individual
nuclei of a radioactive substance decay at random with each radionuclide
being characterised by a particular half-life. The half-life is the time taken
for half the initial number of nuclei of a given isotopic type to disintegrate.
The strength of the source at any given instant in time is expressed in
curies (Ci), one curie being 3.7 X 1010 disintegrations per second, that is,
the number of alphas emitted per second by one gram of radium.

65. The strength of the source should not be confused with the number
of radionuclides present, though they are related. To emphasise this, both
uranium-238 and plutonium-239 are alpha emitters. The half-life of
uranium-238 is 4 500 000 000 years and that of plutonium-239, 24 000
years. For equal numbers of uranium-238 and plutonium-239 nuclei
present at a given instant in time, it follows that, due to its shorter half-
life, plutonium-239 will emit many more alphas (about 200 000 times
more per second) than uranium-238. Because of this, plutonium-239 is
considerably more radio-toxic than uranium-238, and in this context,
contrary to popular understanding, the real problem with plutonium-239
is its relatively short, rather than long, half-life.

66. Inadequate knowledge of the possible existence or absence of a
threshold level below which any damage might be repaired by normal
biological processes makes the problem of setting limits on radiation doses
extremely complicated. Furthermore, at the relatively low dose levels that
the general public could be subject to even by accidents, it is virtually
impossible to design experiments which would lead to effects which could
be observed over and above those already existing from natural causes. It
is therefore necessary to base criteria on cases in which relatively large
doses have been given, leading to recognisable results, and extrapolate the
effects to lower dose levels in a linear manner. The problem is further
compounded by the fact that biological aspects as well as the half-life of
the radionuclide and the type of particle emitted must also be taken into
account. The method of absorption into the body is important, as is the
tendency to concentrate within certain organs. The time spent within the
body varies from one radionuclide to another, and leads to the concept of
a biological, as distinct from a physical, half-life.

67. In spite of the general complexity of the problem, an extremely
comprehensive set of recommendations on radiobiological protection has
been developed. These include maximum permissible values for annual
dose to the more critical organs of the body, for the body burden for each
radionuclide, annual body intake, and concentrations in air and water.
Such recommendations have enabled a completely rational approach to
be followed for all health and safety aspects of nuclear power, with dose
rates considerably lower than those recommended by the ICRP being
achieved whenever practicable.

68. Of course the application of the recommendations, especially in the
case of waste management, is neither simple nor direct. The many
different half-lives involved, and the growth of radioactive daughter products
as one radionuclide decays into another, present those responsible with a
dynamic rather than a static problem. Pathways to man have to be
investigated, and critical nuclides and critical groups of people have to be
identified. Waste management and associated practices are discussed in
Part IV. We deal now with the origin of radioactive substances produced
in nuclear power.



94 CHAPTER' 4

Fuel Processes
69. Uranium mining is similar to coal mining with open pit and

underground methods being used. But over 2 million tonnes of coal must
be mined annually for a 1 GWe station, compared with only 200 000
tonnes or less of uranium ore. After it is mined, the ore is mechanically
and chemically processed to produce yellowcake, a concentrate of the
uranium oxide U308. As already noted, the ore contains only about 0.1
percent of uranium oxide, the rest being rejected as tailings. These tailings
contain the radioactive daughter products of uranium, and, although not
a great danger, they must be treated with care.

70. To prepare it for enrichment or subsequent treatment, the yellow-
cake is converted to uranium trioxide by the addition of nitric acid. From
the trioxide can come the dioxide which may be used in CANDUs, or,
alternatively, uranium tetrafluoride may be produced which can be
converted into either metallic uranium of natural enrichment, or uranium
hexafluoride (UF6) if enrichment is needed. Uranium hexafluoride is a
solid at room temperature, but a gas at temperatures above about 57°C.

71. Since isotopes of the same element exhibit identical chemical
properties, enrichment depends on physical as distinct from chemical
processes. There are several techniques, the most important to date
depending on the speeds of the gaseous hexafluorides U(235)F 6 and
U(238)F 6 differing on passing through a porous barrier. This diffusion
technique consumes large amounts of electrical energy. A centrifuge
method, which uses less energy but is somewhat capital intensive, has
been developed by international companies: Urenco Ltd., inBritain and
the Netherlands, and Centec GmbH in West Germany. A jet-nozzle
process is close to being commercialised. The possibility of using lasers,
which could have considerable advantages, is also under investigation. At
present the process of enrichment accounts for about one-third of the cost
of the fuel cycle for most reactors.

72. Once enriched, the uranium hexafluoride is converted to uranium
dioxide powder or any other compound that may be needed. If uranium
dioxide is needed for fuel, the powder is pressed and sintered into small
cylindrical pellets and then loaded into tubular cans of stainless steel or
zircaloy. These cans are filled with helium to ensure adequate thermal
conduction between the pellets and the can and hermetically sealed by
caps welded on at each end. After a thorough inspection for possible leaks,
these fuel pins or rods are assembled in circular, square, or hexagonal
clusters. These assemblies are the fuel units dispatched to thereactor site.
Procedures may change according to reactor type. In all cases much care
is taken to ensure the integrity of the final containment of the basic fuel
elements, thus guarding against subsequent leakage of fission products.
Up to this stage of the cycle, with suitable management, there are only
minimal radioactive dangers.

73. A 1 GWe reactor after several months' operation develops within
the fuel a radioactivity of about 1010 Ci, a huge value. This starts to decay
once the fission process stops, but is still dangerous after several hundred
years. Many different radionuclides are produced, the exact quantities of
each depending on reactor type. Besides the fission products, there are
also actinides, elements heavier than actinium. Uranium and plutonium
are examples. Others such as americium, neptunium, curium, etc., alongwith various isotopes of plutonium besides plutonium-239, are produced
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by the transmutation of uranium and plutonium in the core. The quan-
tities, although not large compared with the total fuel content, are radio-
biologically significant.

74. During normal operation of a plant, about 0.1 percent of the more
volatile reaction products can escape into the coolant and moderator
through effective "pinhole" defects in the fuel cladding. In addition,
short-lived isotopes of nitrogen, together with tritium, radioactive corro-
sion products, and small amounts of carbon-14, are produced in the
surroundings and coolant. All of these have to be continually removed and
dispersed. The result is large volumes of low-level and intermediate-level
beta-gamma type wastes in gaseous, liquid, and solid forms. With present
techniques, their disposal does not present a major problem (see chapter
9).

75. When removed from a reactor, the spent fuel is stored in a cooling
pond, which resembles a very deep swimming pool. In principle, zircaloy
or steel claddings allow it to be so stored for many years, as is at present
being done at Pickering A in Ontario. The accumulated spent fuel from a
1 GWe station over its lifetime of about 30 years needs no more storage
space than an Olympic-size swimming pool about 9 metres deep. Such
depth is necessary to reduce radiation levels at the surface to enable the
free movement of attendants about the pool.

76. In general there are optional ways of dealing with the spent fuel
after a cooling period of about 6' months at the reactor site. Most spent
fuels could remain within the pool for many years. Alternatively, the fuel
could be transferred to a national repository for long-term storage with
subsequent retrieval in mind. It could be disposed of once and for all
without any intention to recover (termed the "throw-away" option), or it
could be transferred to a reprocessing plant. Steel flasks about 35
centimetres thick and typically weighing 50-70 tonnes are used to trans-
port spent fuel. Each flask can carry about 3 tonnes and is built, in
compliance with international regulations, to withstand any credible
accident no matter what the method of transport.

77. Following President Carter's statement in April 1977 in which he
expressed concern about the possible proliferation of nuclear weapons as a
consequence of reprocessing and recycling uranium-plutonium fuels,
there has been considerable interest in the "throw-away" option.
However, no detailed scheme has yet been established to dispose of spent
fuel. From the discussion with the NEA group of experts, it appears from a
waste management point of view, that the problems are likely to be no
simpler than those associated with the reprocessing option. In particular,
isolation of the spent fuel from the biosphere will be necessary, with
ultimate disposal in geological formations (99).

78. In the reprocessing option already practised in some countries, the
spent fuel is transferred to a reprocessing plant, where, after removal from
the storage flask, it is again stored for a time under water to allow the
shorter-lived fission products to decay. This is followed by the removal of
the fuel from its cladding and the separation by chemical techniques into
fission products, uranium (depleted in uranium-235), and plutonium.
After purification, the uranium and plutonium are converted into oxide
powders for fabrication into either thermal or fast reactor fuels.

79. Once the initial inventory of plutonium is provided, a uranium-
plutonium fast reactor would develop its own, almost independent, fuel
cycle. Because of the required rapid turnover in fuel, and the high
radioactivity and enrichment of such fuels, it would possibly need its own
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on-site reprocessing plant, although fabrication might be carried out
elsewhere with the recovered fissile material being transported in a liquid
nitrate form (not, however, permitted in the United States (12) ) to the
fabrication plant, and before its return as solid fuel being irradiated to
discourage hi-jack attempts.

80. In general, each reactor type will have a different fuel cycle making
varying demands on enrichment, fabrication, and reprocessing services.
For thermal breeders and/or advanced converters using thorium, mining
and milling will produce concentrates of the oxide thoria, Th02. Like
uranium, the thorium would be separated from its daughter products,
and, like uranium, there are two isotopes, thorium-232 and thorium-228,
which are of importance, though neither are fissile. The half-life of
thorium-232 is of the order of 1010 years, and it decays into thorium-228.
But the half-life of thorium-228 and its daughters is extremely short, and
within weeks, freshly milled thorium is again in equilibrium with its
daughter products, which, in particular, include certain high-energy
gamma emitters. Thus shielding of fresh fuel could be necessary. Of more
importance, though, is the fact that spent thorium fuel, besides containing
the fissile uranium-233, also contains a second uranium isotope, uranium-
-232 (160).

81. Uranium-232, although not affecting reactor performance and only
constituting about 0.2 percent of the total uranium content in the spent
thorium fuel, decays with a half-life of 72 years to thorium-228.Even if the
concentration of uranium-232 in the initial thorium is only one part in a
million, the effect of this short cut from uranium-232 into the natural
thorium chain is to lead to gamma ray intensities about 200 times greater
than those which occur in the natural chain. On chemically separating the
spent fuel into thorium and uranium, and fission products, both the
thorium and uranium become within days, because of thorium-228, lethal
gamma emitters. The result is that subsequent fuel fabrication, must
proceed under remote control from shielded working areas. In practice,
the spent fuel could be stored for a decade or more until most of the
enhanced thorium-228 had decayed. In contrast, mixed oxide-plutonium
fuels can be prepared in unshielded glove-boxes, the dangers coming from
inhaling or ingesting dust rather than from direct radiation. New tech-
niques using the sol-gel process, for which thoria is especially suited, could
simplify the production of both types of fuel (160).

82. There are many possible fuel cycles, but in all cases the fission
products will be little different, although concentrations of actinides could
change. At present the fission products are discharged from the reproces-
sing cycle as a liquid, and present practice is to concentrate this waste and
store it as a liquid in large stainless steel tanks in containments lined with
stainless steel and shielded with concrete. The liquid in the tank is
continuously cooled and may be transferred from one tank to another.
There is continuous surveillance and monitoring.

83. Because they are more potentially easy to disperse, liquid wastes are
more difficult to manage than solid. Thus in the long term vitrification of
these wastes (that is, mixing with glass at a molecular level and solidify-
ing) is proposed. The techniques are well understood, and the first
commercial vitrification plant will be working this year at Marcoule in
France. Solid wastes will be much easier to store and finally dispose of. It
is already possible to provide storage for several decades, and even up to a
century or more if need be. This is discussed further in chapter 9.
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84. The fission waste from the reprocessing plant is called high-level
waste. (If the "throw-away" option was adopted, the spent fuel would be
the high-level waste.) This waste contains more than 99.9 percent of the
non-volatile fission products. After reprocessing, and with the appropriate
standards, it contains only 0.1-0.5 percent of the uranium and plutonium
present in the spent fuel, but contains all the other actinides (99). In
general the fission products are beta-gamma type emitters, and the
actinides are alpha emitters.

85. Other wastes of the low and intermediate levels, and alpha wastes
(which are solids with high concentrations of alpha emitters) also occur in
reprocessing plants. The cladding hulls must be treated with as much
respect as high-level waste. Gaseous and volatile products such as
krypton-85, though not problematic at present, will need, with future
increases, storage to permit decay before they can be released to the
atmosphere. There are various developments under way.

86. A final aspect is that further types of problems in waste manage-
ment arise when a reactor or a servicing plant is decommissioned. The
technology exists, however, as members of this Royal Commission
observed in visits to Oyster Creek in the United States, and Dounreay in
Scotland. At Oyster Creek we discussed the results of decommissioning a
power reactor, and at Dounreay we inspected the completely decontami-
nated core areas formerly used for reprocessing fast reactor fuel.

THE STATUS OF NUCLEAR POWER
87. As of about 1977 the total world electrical generating capacity of

nuclear plants was 95 GWe, equally divided between the United States
and the rest of the world. The general situation, based on information
given us by the AIF, was (163, 164):

Reactors GWe
205 operable ... ... ... 95
209 in construction ...

... ... 189
109 on order ... ...

... 110
181 planned ... ... ... 188

704 Total 582
For comparison, the lAEA gives as of 1 March 1977: 197 reactors with a
total capacity of 88 GWe in operation and 367 reactors with a total
capacity of 340 GWe under construction, ordered and planned (162).
Apart from a difference in the time of reporting, the discrepancy between
the AIF and IAEA figures appears to lie in different interpretations of
what is and what is not "planned".

88. At present 19 countries run power-producing reactors. According to
the AIF, 23 others have firm commitments (164). In terms of energy
output, within OECD countries in 1976, the United States produced
about 200 000 GWh, followed by Japan and Britain with each over
30 000, West Germany with about 25 000, and France, Canada, and
Sweden with each from 15 000 to 20 000 (165). Nuclear power now
provides about 4 percent of the world's electrical needs, and about 1
percent of its primary energy (15, 166). For the OECD countries, the
corresponding figures are significantly higher at 8 percent and 2.4 percent
respectively. At present LWRs, with a ratio of PWR to BWR of about 3 to
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2, provide about 85 percent of the electrical energy produced by commer-
cial plants, HWRs about 5 percent, and gas-cooled graphite-moderated,
the rest (174).

89. In Japan, nuclear production of electricity more than doubled in
1976 (165). France had (according to the lAEA 1977 Report on Power
Reactors) 21 PWRs under construction and 9 planned as of 1 March 1977.
We were told of French Government plans to provide 60 percent of
electricity needs by nuclear means by the year 1985,with a programme of
1 GWe every 2 months from 1979, up to a total of 40 GWe by 1985. Spain
also has a comparably ambitious programme. At present it has built only
three reactors, but it has nine under construction, and eight planned
(162). By the year 2000, France hopes that its electrical supply system will
be 90 percent nuclear, and Spain hopes for between 65-70 percent (164).

90. The Soviet Union had 27 reactors operating with a generating
capacity of about 8 GWe (164). Only 3 percent of its electricity was
supplied from nuclear sources in 1976-77, but a further 11-13 GWe is
expected to be commissioned by 1980. It intends to mass produce 1 GWe
units in a factory, at a rate of at least three to four a year from a
production line (44, 164).

91. The total world electrical generating capacity of 95 GWe as of mid-
-1977, represented a 23 percent increase in one year. In general, although
not often appreciated, the growth of nuclear power has been rapid. It
should be noted that, on past trends, certain models of market penetration
suggest that 50 percent of all electricity in OECD countries could come
from nuclear sources by 1986 (174). This is, however, unlikely to happen.
Over the past couple of years there has been a lull in ordering, especially
in certain European countries and the United States. In many cases this
has arisen in part from "environmental" pressures leading not only to a
re-examination of existing licensing and regulatory procedures, but also to
a complete re-examination of possible future developments. In other cases
the absence of orders appears to be little more than a direct result of
decreased electricity demand and of uncertainties about future economic
growth. In the United States the situation for 1977 is summarised in the
following licensing and order activity for January to August of that year
(163):

Operating licences issued ... ... 3
Construction permits issued ... ... 10
Limited work authorisations ...

...
4

Orders placed ... ... ... 4
Letters of intent; options ... ... 0
Deferrals announced ...

... 23
Deferrals reinstated ...

... ...
4

Cancellations announced ... ... 4
In Britain, because of over capacity, no new reactor has been ordered
since about 1970. However, approval has recently been given for the
construction of two new AGRs, site work to start in 1980 and the plants to
be operating about 1987. In Sweden, environmental concern has delayed
work on a number of reactors already under construction.

92. In a press interview in Britain (September 1977) Sir John Hill,
Chairman of the UKAEA, said that the case for nuclear power had always
been based on three arguments. These were the increasing scarcity and
cost of other fuels, the cheapness of nuclear electricity, and the acceptabil-
ity of nuclear power from an environmental and human standpoint. Each
of these had been challenged over the last 2 years (167).
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93. The basic environmental and human concerns centre on waste
management, proliferation, and safety of nuclear installations. We will
now briefly identify the various general aspects of public concern.
Detailed discussion of the more important problems is given in Part IV.

Cost
94. The AIF gave the following generating costs for electricity in the

United States for 1976 (163):
Nuclear ... 1.5 c per kWh
Coal ... 1.8cper kWh
Oil ... 3.5c per kWh

with nuclear providing about 9.4 percent of the total electricity generated.
In Britain for the same year electricity was generated by the Magnox
stations at' a cost of 0.62 p per kWh. This is to be compared with the
corresponding value of coal-fired and oil-fired plants of 1.08p per kWh(168). The British figures do not include capital repayments, but
members of the Royal Commission were assured that similar differences
existed even when such repayments were included. In England and Wales
nuclear sources provide 12 percent of the electricity generated. In Canada
similar advantages for nuclear generation are claimed. In 1976, 19 percent
of Ontario Hydro's electricity was supplied by nuclear power (165).

95. Estimates in the Ford Foundation - MITRE report give nuclear an
advantage comparable to that which exists at present in the United
States, even for plants coming into operation in 1985 in certain regions. It
has been claimed, however, that nuclear estimates do not reflect the true
costs with especially research and development, and capital costs
associated with certain fuel processes, being neglected. Members of the
Royal Commission were assured that this is not so either in the United
States or Britain. In Britain, for example, even services rendered by the
Department of the Environment, the Health and Safety Executive (that is
the Nuclear Installations Inspectorate), and other such organisations are
charged to the generating utilities. It is difficult for us to judge the exact
situation, and the best we feel we can do is give an indication of the
relative scale of various operations, taking Britain as the example.

96. Although until recently no nuclear plant has been ordered since
1970 in Britain, the industry is still extremely active. There are two
utilities both operating nuclear stations, the CEGB and the South of
Scotland Electricity Board (SSEB). The CEGB, the larger, supplies
electricity for England and Wales. It runs 137 stations, has a net generat-
ing capacity of 56 GW, and in 1976-77 supplied approximately 210 000
GWh. It runs eight Magnox stations with a total capacity of 4.6 GWe, one
AGR of 1.3 GWe, and has three other AGRs of a total of 3.8 GWe under
construction. The ordering of a thirteenth station, Sizewell B, an SGHWR
of 2.6 GWe, has been deferred (161). The CEGB employs close to 61 000
people, about 2000 of whom work in research. Its sales to Area Boards
(the equivalent of the supply authorities in New Zealand), and to direct
consumers amounted in 1976-77 to £3100 million corresponding to an
average charge of 1.5p per kWh. Its capital expenditure on fossil-fuelled
plant for that year was £272 million, that on nuclear plant £92 million,
and that on research £11 million (168).

97. The nuclear industry is based on two commercial companies,
British Nuclear Fuels Limited (BNFL), and the Nuclear Power Company
(NPC), as well as the Government research and development organisa-
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tion, the UKAEA. BNFL is State-owned, and the NPC, the single
supplier of commercial nuclear plants in Britain, is the wholly-owned
subsidiary of the National Nuclear Corporation (NNC). The shareholders
in the NNC are the General Electric Company Limited (GEC) which is
privately owned, 30 percent; the UKAEA, 35 percent; and British
Nuclear Associates (BNA) comprising a number of privately-owned
engineering and construction firms, 35 percent.

98. The NPC employs about 2400 and is primarily concerned with the
development, design, and construction of nuclear power plants. It is
supported by its member organisations, GEC for example employing in
all its activities over 200 000. Its present scale of activities may be
partially measured in terms of the CEGB's £92 million capital expendi-
ture on nuclear plant. It has, however, also been engaged in the examina-
tion of possible future thermal reactors for Britain, and is responsible for
the design and development of the first British commercial fast reactor
(CFR).

99. BNFL is wholly owned by the UKAEA. It operates a fabrication
plant at Springfields, Lancashire; an enrichment plant at Capenhurst,
Cheshire; and a reprocessing plant at Windscale, Cumbria. The company
also owns and operates the Calder Hall plant at Windscale and a sister
station, Chapelcross, in Dumfriesshire. It offers a complete service from
mine to enrichment process, and its Windscale plant can reprocess at
present 2500 tonnes of spent fuel a year. It has a number of foreign
customers for all its services including fabrication and reprocessing. It has
about 11 000 employees and its turnover is about £120 million a year.
This can be compared with the CEGB's cost for nuclear fuel of about £80
million in 1976-77, and the CEGB is merely one of BNFL's customers.

100. Finally, the UKAEA employs about 13 000 and in 1976-77 its
expenditure was £175 million of which 53 million was spent on fast
breeder development, 18 million on safety, and more than 6.5 million on
fusion. Including the SSEB, as well as the CEGB, it follows that Britian is
investing the equivalent of about 4 percent of its electrical generating
costs, including transmission to the Area Boards, on nuclear research and
development. If these costs are not passed on to the utilities, they
represent at present quite a significant subsidy on electricity produced by
nuclear means. On the other hand, they are less than 0.1 percent of the
British GNP, and this may well be regarded as an acceptable investment
for the future.

Waste Management
101. Under this heading, reprocessing and final disposal are of consid-

erable public concern. In the case of disposal the United States is
committed to a demonstration of its feasibility by 1985, possible sites
existing in Nevada and New Mexico (44). Burial will be in salt. Since,
however, the United States has forgone, at least for the moment, the
reprocessing option, any such demonstration must use spent fuel.

102. In Britain no attempt will be made until waste has been vitrified,
although sites are at present being investigated. Hard rock disposal sites
are being sought as part of an overall European programme in which clays
and salt mines are also being considered. It will be towards the end of the
1980s before vitrification is operating commercially. The consensus is that
it will be from 15 to 20 years before burial is adequately demonstrated.

103. To date the BNFL Windscale plant has reprocessed about 20 000
tonnes of fuel (170). Nearly all this has been of the Magnox type, with
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corrosion problems restricting its cooling-pond storage time. There has
been only a small amount of oxide fuels from thermal reactors reprocessed
so far. Last year there was an inquiry held at Whitehaven into the
extension of the Windscale facilities to include a large reprocessing plant
for thermal oxide fuels. The Windscale inquiry was concerned with the
establishment of a plant able to reprocess 1200 tonnes of oxide fuel a year.
It would ultimately handle 500 tonnes a year for British thermal reactors,
with spare capacity being sold to foreign customers (170). A vitrification
plant would also be added to the site. A reprocessing plant for handling
the entire PFR annual fuel loading (4.1 tonnes) is nearing completion at
Dounreay.

104. A second thermal oxide plant is already in operation at Cap de la
Hague in France. Japan is also developing a reprocessing plant to
facilitate waste management but with American approval since enriched
uranium from the United States is used. In the United States, President
Carter withdrew support for the Allied General Nuclear Services plant at
Barnwell, South Carolina. Of a capacity of about 1500 tonnes a year, this
was to be used to recycle plutonium in thermalLWRs (12). The plant is
essentially complete. For the United States, with its large indigenous
resources of uranium, the economics of recycling are questionable at
present costs (99). Coupled with this there have been environmental
pressures to restrict the production of pure plutonium (by separation),
and hence the United States has forgone (at least for the moment) the
reprocessing option in waste management. It appears unlikely, however,
that the "throw-away" option will be adopted as an immediate alterna-
tive, retrievable stores for spent fuel being preferred.

Proliferation
105. It is generally accepted that nuclear proliferation is a political

problem to be solved by international agreements and understandings.
However, it is thought by many that certain "technical fixes" may be
possible which would greatly simplify the problem. Such "fixes" can
range from finding a complete alternative to nuclear power, to finding
nuclear alternatives to the uranium-plutonium fuel cycle itself. The
simplest of the latter is the "throw-away" option in which plutonium is
never separated from the spent fuel.

106. When it was recognised that the United States had adequate
reserves of uranium, a number of advisory groups recommended that
recycling, and development of the FBR, should be postponed until various
alternatives were adequately investigated. As a result, in April of last year,
President Carter as well as withdrawing support for the Barnwell repro-
cessing plant proposed that work on the Clinch River uranium-plutonium
LMFBR should be stopped. Congress did not agree, and at the time of
writing this report the state of the FBR and recycling in the United States
is unclear. Nevertheless, President Carter ordered the Energy Research
and Development Administration (ERDA) (now the Department of
Energy) to find a better fuel cycle. This led to the "Nonproliferation
Alternative Systems Assessment Program" which hopes to arrive at a
conclusion by October 1978. President Carter also proposed that an
International Fuel Cycle evaluation programme should be established,
and this is under way. A promising cycle appears to be one involving
thorium (160).

107. As already noted, in an FBR the thorium/uranium-233 cycle is less
efficient than the uranium-plutonium cycle. Thus there would be an
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overall loss in fuel utilisation, while thermal breeders at best are only
likely to be self-sufficient. For this reason there is little enthusiasm to
depart from the present proposed uranium-plutonium FBR in Britain,
France, and Japan. As they have no significant indigenous reserves of
uranium or thorium, only the uranium-plutonium FBR in the long run
offers them a high degree of self-sufficiency in nuclear fuels.

108. Those advocating "proliferation-resistant" fuels see two advan-
tages in thorium. First, the fissile material uranium-233 can be denatured,
that is, de-enriched by uranium-238 to levels at which it could still be used
as a reactor fuel but would be unsuitable for weapons. Plutonium can be
similarly diluted as in mixed plutonium dioxide fuels, but true denaturing
with a natural non-fissile isotope of plutonium is impossible since
plutonium does not occur naturally. Thus, though plutonium may be
separated from uranium-238 in oxide fuel mixtures by chemical means,
separation of uranium-233 from uranium-238 requires genuine enrich-
ment by diffusion or centrifuge methods—a harder and more expensive
job. However, as pointed out in chapter 10, the extra cost may not be
enough to deter the more ardent terrorist organisations.

109. The second point put forward by thorium cycle advocates is that
the gamma radiation from the daughter products would at once discour-
age any hi-jack attempts on fuel systems. However, it has been claimed
that uranium-plutonium fuels could be irradiated to achieve a similar
aim.

110. Advocates make a third point. Because of the uranium-238 content
of the denatured uranium-233 fuel, there would be significant amounts of
plutonium in the spent fuel from the associated thorium cycle. In fact,
there would be about 20 percent of that from the spent fuel of present
LWRs (160). To cope with this, advocates of the denatured uranium-233
suggest that international fuel centres be set up to receive spent fuel and,
after reprocessing, to export denatured uranium-233/thorium fuels, the
extracted plutonium being burnt in FBRs within the fuel centre.

111. The merits of a thorium cycle of the type proposed are not obvious
to us. It seems that international control, with irradiation before trans-
port, would result in a similar level of security, no matter what the fuel.
Nevertheless, we recognise the great importance of the present studies,
and recommend that the results when available should be carefully
appraised.

Safety
112. Subject to there being adequate quality control in design and

manufacture, and to the plant being operated by suitably trained staff,
experts now believe that the safety of nuclear plants is no longer an issue.
This does not mean that there is no scope for improvement, but that,
compared with other activities, nuclear power is extremely safe. Of far
greater concern is the safeness of other large industries which can pose
risks to the public from 10 to 100 times greater.

113. For the public the question of safety in the nuclear industry
reduces to one of radioactive emissions from nuclear power plant sites. It
is generally accepted that in normal operation, at least in the short term,
these do not represent a significant danger, although in the long term,
improvements (such as the storage of krypton-85 in reprocessing plants)
will be necessary. The question of safety therefore becomes a question of
accidents.
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114. Many studies have been carried out in a number of countries on
the safety of different reactor types and of the various processing activities
in the fuel cycle. For the recent Windscale inquiry, case studies considered
the consequences of a plane crash into a plutonium store or into a high-
level waste storage tank, and the simple case of the loss of tank coolant.
Those who made the studies concluded that for the location of the site, the
consequences to the public were minor compared with the scale of the
accident itself, and would lead at most to five delayed deaths. Even in
accidents of this nature there is no chance of a bomb-like explosion. The
danger to the public, as in other cases, comes from the release of
radioactive substances. This does not mean to say that accidents involving
criticality cannot occur.

115. If, by chance, sufficient fissile material should accumulate so that
the total mass becomes critical, the magnitude of the resulting interaction
would be limited, the material automatically blowing itself apart (that is
disassembling). The danger would come from a sudden high flux of neut-
rons rather than from a physical explosion. The most likely place for this
to occur is in a reprocessing plant, and considerable care is taken in the
design of such plant to reduce the chance of an accident of this nature. We
observed that warning devices are in continuous operation enabling the
working area, at most a single building, to be immediately evacuated in
the event of such an accident. In all types of establishments (military,
research, etc.) about ten such accidents are known to have happened since
the early 19405. Nearly all of these were in the United States. Several
workers were injured, and one worker was killed in each of the most
serious accidents. No member of the public was ever at risk (171).

116. The real danger in nuclear power activities is that a normal type of
industrial accident or explosion, or natural catastrophe, could lead to the
escape of large amounts of radioactive material. There may be many
accidents in which there is no release, and neither operating staff nor
public are put at risk.

117. All reactor types have inherent safety features, some more than
others. For example, some thermal reactors have low, and others high
core power densities. To make all types equally safe seems to be simply a
question of where and how the capital costs are distributed between the
reactor proper and the emergency systems. As an example of this, we note
various studies made on the safety of LWRs. In 1975 a report was
published on this subject in the United States. The study, using a method
of probabilistic-risk assessment, was made by Professor N. Rasmussen of
the Massachusetts Institute of Technology. It is sometimes referred to as
Wash-1400; we term it the Rasmussen report. It concluded that the risk
was extremely low. This report attracted considerable criticism, partly
because of the method used, but primarily because of some of the input
data, and the neglect of certain fault conditions. All these aspects are
discussed in greater detail in chapter 12.

118. In 1976-77 the Nuclear Installations Inspectorate of the British
Health and Safety Executive (Nil) carried out an independent study of
the safety of the PWR system, and came to conclusions similar to those of
the Rasmussen report. In a report to the British Secretary of State for
Energy in July 1977 the Nil stated:

The Inspectorate consider that there is no fundamental reason for regarding
safety as an obstacle to the selection of a Pressurised Water Reactor forcommercial electricity generation in Britain.
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and weut on to say:
Although there are some safety aspects about which present information and
investigations are insufficient to allow final conclusions to be reached, and some
areas where more work would lead to greater confidence, the Inspectorate are
satisfied that these issues are not such as to prejudice an immediate decision in
principle about the suitability of the PWR for commercial use in Britain (172).

This is of considerable significance, as up to the present Britain has
operated commercially only gas-cooled graphite-moderated reactors of
extremely low core power densities.

119. In the United States there is another probability-risk assessment
study being done at present on the HTGR. Although a final assessment
has still to be made, the study group concluded in a recent paper:

The HTGR has worthwhile design options that should be considered since the
reference power plant appears to pose a low risk to public safety. The low risk
may allow additional benefits to be realised with the HTGR, including siting
flexibility in densely populated areas, low potential damage to be covered by
insurance, and reduced evacuation fequirements (173).
120. In Britain new AGR plants are already being sited close to centres

of population and hence the implication of the Nil study for the PWR is
that all reactor types at present in commercial use, if not already safe, can
be made safe enough. In introducing the concept of "safe enough", we are
conscious of the concern at present being shown in other large industries.
We were informed by UKAEA safety experts, who are now actively
engaged in many of the studies at present being made, that many large
industries pose risks to the British public from 10 to 100 times greater than
do the nuclear, and that at least 100 such establishments should be
licensed as nuclear are. The present aim is to introduce existing nuclear
standards into these industries. The industries involved with the transport
and storage of chemicals are of major concern. It was claimed that the
consequences of a "catastrophic" accident in a large chlorine storage
plant could lead to 50 000 deaths, compared with the 10 000 (including
delayed) deaths that could result from a fast reactor accident of compar-
able scale. The British Friends of the Earth expressed a similar concern to
members of our Royal Commission about these large industries, and once
the nuclear problem is resolved, intend to take the matter up.

121. The British Government in late 1977 announced that it wouldhold
an inquiry into the fast reactor, focusing interest in reactor safety on the
FBR. The Nil had in late 1976 prepared a report on the safety of FBRs for
the Secretary of Energy. It also contained answers to many questions on
reactor safety generally put to the Nil by the British Friends of the Earth,
and, as well, a statement of the overall policy of the British Health and
Safety Executive which is responsible for all safety matters (including
nuclear) in all industries.

122. There is no such concept as absolute safety, there is always risk.
The Nil report states succinctly how they cope with this situation:

No human activity is entirely free from features that are detrimental to health or
involve risks to life, and it is never possible to be sure that every eventuality has
been covered by safety precautions. The basic policy pf the Health and Safety
Commission is to eliminate these ill effects so far as is reasonably practicable. In
some cases, where risks would otherwise be high, absolute duties and absolute
requirements are imposed. These may take the form of quantitative limits or
specified design requirements and have to be met, regardless of cost. These
absolute duties and requirements do not eliminate risks completely, and for this
reason, they do not remove the further statutory duty to achieve even safer
conditions whenever and wherever this is "reasonably practicable" taking
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account of known technology and costs. This policy is applied widely, for
example in such diverse fields as the control of toxic substances, the limitation
of the release of harmful ornoxious wastes to atmosphere and protection against
ionising radiation (171).

FUTURE GROWTH
123. The growth of nuclear power will depend on a number of factors

including public acceptability, the demand for electricity, fuel supplies
including services, oil supplies, etc. The technology for such growth
already exists; further technological innovation may merely make it more
acceptable. Certain developments such as the introduction of a worth-
while thorium cycle, sufficiently short doubling times for FBRs, the
disposal of high-level waste will require time—longer than most would
wish—but given public approval there is little doubt that these will come
about.

124. After the oil crisis of 1973-74 demand for electricity levelled out
and in certain cases decreased, but now electricity consumption is once
again growing in most countries. In the United States in 1974, the growth
rate was 0.2 percent per annum, and in 1975 and 1976, 2.6 and 6.2 percent
respectively. However, it is not expected to return to the 1948-73figure of
7.8 percent per annum; 5.3-5.8 percent is anticipated as more likely (163).
A similar trend was observed in Canada, where we were informed by the
Quebec Minister of Energy that rates of increase in consumption in the
province had gone from 1 percent per annum in 1975 to 10 percent and 12
percent in the following 2 years. Likewise in Europe, after significant
drops, rates of growth are again increasing. But in Britain over the next
few years future growth is expected to be only between 3 and 4 percent per
annum at most, and in France a little over 4 percent is planned. Sweden
will try to restrain growth below a rate of 6 percent per annum till 1985 in
the hope that lower growth rates will be realised after that date.

125.At the World Energy Conference meeting in Istanbul in September
1977, average annual growth in electricity demand from 1972 to the year
2020 was estimated at 4.2 percent per annum for OECD countries, and
5.1 percent for the world as a whole (15). Two different groups also gave
estimates for world nuclear power growth for the same period:

Year GWe
Estimate 1 (15) Estimate 2 (166)

1985 ... ... ... 303
2000 ... ... ... 1543 1300-1650
2020 ... ... ... 5033 3200-4300

During the same period electricity's share of the demand for secondary
energy would rise from a present world value of 8 percent to nearly 20
percent, with nuclear power providing about 45 percent of this by the year
2000, and between 50 and 60 percent by 2020 (15, 166). These figures are
in reasonable agreement with other estimates that have been drawn to our
attention.

126. An immediate reaction to such estimates is that, with each of the
present type of commercial reactors operating on a "once-through"
uranium cycle needing approximately 5000 tonnes per GWe throughout
its life, the known recoverable resources of uranium (about 4 million
tonnes) would be fully committed by the early 19905. Since advanced
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reactor systems such as FBRs and those employing a thorium cycle are
unlikely to be introduced in any numbers before the year 2000, further
discoveries of uranium are essential.

127. However, known resources are merely a measure of the effort of
exploration to the present, which has resulted in the greater part of them
being located in North America (see chapter 3). There is, therefore, little
doubt that the world's total recoverable resource is considerably greater
than 4 million tonnes, and, as pointed out in the preceding chapter, the
real problems are those of annual demand, and the throughput of
associated fuel services. Because of this, scenario sets have been
developed, for example, that presented at the 1977 World Energy Confer-
ence meeting (15), and that recently published by the OECD Nuclear
Energy Agency (174).

128. The object of such scenarios is to estimate, for a particular growth
pattern, annual, cumulative, and committed fuel requirements for anygiven year, and to determine likely demand on all aspects of the fuel cycle.Exploration and mining needs especially are assessed, and the size of the
necessary enrichment, fabrication, reprocessing, storage, and disposal
services estimated. The scenarios are defined in terms of various reactor
strategies; that is, LWRs only, LWRs plus plutonium recycle, LWRs plus
FBRs, LWRs plus HWRs (thorium cycle) plus FBRs, etc. The problem is
complicated by possible policy decisions, the times at which advanced
reactors may be introduced, the doubling times of FBRs, and so on.
Nevertheless, they give instructive results. For example, for the situation
presented at the World Energy Conference meeting (15), the OECD
uranium needs for the year 2020 were estimated to be:

Annual Cumulative Commitment
Demand Requirements-n-' i\^Ljuuv,iuwiiaReactor Strategy 105 tonnes 106 tonnes 106 tonnes

LWR (no recycle)
... ... 4.2 7.8 13

LWR + FBR (10-year doubl-
ing times) ...

... 0.8 4.6 5.3
LWR + FBR (24-year doubl-

ing times) ... ... 1.7 5.3 7
It was assumed that the breeders were introduced in 1993 in North
America, and 1987 in Western Europe, the LWRs providing the initial
inventories for the FBRs. Surprisingly, there is not a great difference
between the cumulative requirements, although there is a very significant
difference in annual demand. In fact, within another 10 to 20 years the
latter would become negligible for the FBR case with a 10-year doubling
time. These results illustrate present differences between the United
States and European philosophies of the FBR. If there are adequate
indigenous resources and the annual demand can be met, and because the
cumulative needs for different strategies do not greatly differ in the middle
term, the decision if and when to introduce the FBR can be postponed for
many years. On the other hand, if there are no indigenous resources and
the aim is to become highly self-sufficient in fuel supplies, the strategy inwhich the annual demand is a minimum would become attractive.

129. Once the FBR is introduced the magnitude of the resource ceases
to be of concern in the long term. Even in the short term, it is of no great
importance either, the restricting factors being the availability of supplies
and services on the required time scale. In fact, those presenting these
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scenarios conclude that over the time period considered "unprecedented
levels of international co-operation" will be needed to meet the demands
that could be placed on the uranium fuel supply industry.

130. The actual reactor strategy ultimately adopted will to a large
extent be determined by public acceptability. In this regard, assuming
that the question of safety is resolved, and that the necessary international
co-operation indirectly solves the proliferation problem, there is still the
question of waste disposal. It has been suggested that the introduction of
fusion as distinct from fission reactors could go a long way towards solving
the problem of waste disposal.

Fusion Reactors
131. In nuclear fusion, light atoms join together to form heavier ones,

and in the process release heat, again in the form of kinetic energy of the
reaction products. For example, a collection of interacting deuterium
atoms (deuterium being a heavy isotope of hydrogen) can, through a
series of interactions, lead to helium-4, the naturally occurring isotope of
helium, plus neutrons and protons. The energy released appears as kinetic
energy of helium-4 and the other particles, but unlike the fission case,
there is no chain reaction.

132. For reactions to occur at a rate at which there is a useful energy
output, it is necessary to raise the temperature of the deuteriumgas to well
over one hundred million degrees, over 10 times greater than the tempera-
ture in the centre of the sun. From such a hot gas there are large radiation
losses, but once above a certain temperature sufficient heat is released in
the fusion reactions to compensate for these. The gas then essentially
burns. In very simplistic terms the generation of electricity by nuclear
fusion can be summarised thus. A "match" is used to "ignite" the gas
which can then "burn" at temperatures greater than several hundred
million degrees in a "furnace" from which heat can be extracted to
produce electricity through a conventional steam cycle. It may also
ultimately be possible to convert the heat directly to electricity without the
need of a steam cycle. The required technology for doing this is complex.
Nevertheless, if it can be done the rewards are great. Only about a
hundred or so kilograms of deuterium would be required per annum for a
1 GWe station and the reaction product is inert non-radioactive helium.

133. Deuterium is a naturally occurring isotope of hydrogen. In every
10 000 litres of water there is about 1 litre of heavy water, and more than
adequate quantities can be extracted at negligible costs per unit of
potential nuclear energy. The total quantity in the oceans is so great that
the Fox report classed fusion reactors in with renewable resources (10).
Unfortunately, the problems associated with a straightforward deuterium
fusion reactor appear to be, at least for the moment, insurmountable.
There is an alternative in which the reacting gas, instead of consisting
solely of deuterium, consists of a mixture of deuterium and tritium, the
third isotope of hydrogen. With such a mixture, the requirements for
success are reduced by almost a factor of 100, although a high tempera-
ture of about one hundred million degrees is still necessary. The final
reaction product is still helium, but with more neutrons of significantly
higher energy being released.

134. Tritium does not occur naturally and must therefore be "bred".
This is done by surrounding the reacting volume with a blanket of
"fertile" lithium, the neutrons released in the fusion reactions interacting
with the lithium to produce tritium and, incidentally, releasing more
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energy. For a 1 GWe reactor about 260 kg of deuterium and 440 kg of
lithium are needed a year, although a large lithium inventory (that is, the
blanket) is also needed (103). Tritium is radioactive with a half-life of 12
years, emitting soft beta rays. In a 1 GWe reactor the inventory would
correspond to about 400 kCi. Furthermore, as an isotope of hydrogen, it is
a gas. Nevertheless, it is believed that releases, accidental or otherwise,
could be adequately controlled, and the 400 kCi in such a reactor is to be
compared with the 10 000 MCi in the core of a fission reactor (103).

135. There are many lines of research and development at present being
pursued, including lasers as the "match", and magnetic confinement
methods in which electrical methods are used to provide the initial
heating. Major research in this area started in the late 1940s and early
19505. It is hoped to demonstrate the feasibility of such reactors within the
next few years. Machines are being built for this purpose at a cost of over
$200 million each in the United States, Russia, and Britain, the last being
a joint European project. If such experiments are successful (and there is
every reason to believe that they will be), it is planned to have prototype
reactors working by the end of the century.

136. Some of our members visited major laboratories in this field in the
United States and Britain, and spoke to many people on the prospects of
fusion power. The consensus is that, at the present rate of development, it
will be at least 2020 before plant of the type required by utilities is likely to
be in commercial operation. There are many technical problems to be
solved, and, although earlier operating dates are conceivable, they could
probably be achieved only at the expense of reasonably priced electricity.

137. Although fusion reactors appear to have a number of advantages
over fission reactors, they do have problems of their own. Fuel costs will
be negligible, but capital costs will be high. Furthermore, there will be
high fluxes of high energy neutrons, and, although the lithium blanket will
absorb these and act as a first biological shield, the induced radioactivity
within the blanket and core of the reactor will make maintenance
extremely difficult. There will be radioactive wastes, but of a different
kind, and provided appropriate materials can be used for the enclosures to
the reacting volume, the half-lives should be short, leading to the need to
isolate the wastes from the biosphere for periods of less than a life-time
rather than for 10 000 to 100 000 years.

138. In such a short summary we have hardly done justice to the
potential importance of fusion, which in the long term could lead to
solving the world's energy needs once and for all. We have taken the
attitude that fusion is somewhat beyond our terms of reference because of
the anticipated time-scales. Nevertheless, we believe that fusion develop-
ments should be closely followed in the hope that there will be more rapid
progress.
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Chapter 5. PUBLIC ACCEPTABILITY
INTRODUCTION

1. From the time of the early scientific experiments, there were hopes
that energy from nuclear fission could be harnessed to serve mankind. But
its first overwhelming use was in weaponry, so its further development
was shrouded in secrecy, a secrecy made statutory in the United States by
the Atomic Energy Act 1946.

2. In 1953 President Eisenhower delivered a major address at the
United Nations, proposing a programme of "Atoms for Peace" and
shortly after, a new United States Atomic Energy Act declassified much
and various information. Many of those to whom we talked overseas
recalled the early enthusiasm for the new technology which was believed
to promise a safe, economical, and abundant source of energy. The
general public seemed either to share this optimism, or to be content to
dismiss nuclear power as an abtruse subject, best left to scientists and
engineers to grapple with.

3. As the number of countries with nuclear power plants has grown (a
growth coinciding with a world-wide upsurge of environmental concern)
so have the writings for and against nuclear power and the demands for
public involvement in power planning. Some critics have seen nuclear
power as a focal point for discussing the wider issues of energy production
and consumption and their effects on society. We have already considered
this in chapter 3. We are concerned, here, with public perception of
nuclear power itself, its risks and its benefits. On these issues there are
such wide differences of opinion, even among eminent scientists, that a
major American study says in its foreword:

Where optimists see a front door to unlimited low-cost energy, pessimists see a
back door to world-wide nuclear calamity, and neither perception is wholly
unfounded. For more than thirty years both promise and menace have been
strongly argued, and in the early 1970s the urgency of the debate was intensified
as a consequence of heightened concern for energy supply, environmental
hazard, and nuclear proliferation (12).

We do not intend to recount the history of the debate—that has been done
by others (for example 111, especially its appendix C). We shall confine
ourselves to what we observed, and discussed with many people, in North
America and Europe, and to the evidence given us about public opinion in
New Zealand.

UNITED STATES

4. The United States has a well developed nuclear industry based on
LWRs for both the domestic and export markets. The nuclear industry,
and the debate about it, are both well documented. Several States have
held "initiatives" (or referenda) which give some indication of the public's
opinion of nuclear power. Although the issues put to voters were more
narrowly concerned with placing stringent restrictions on constructing
and operating nuclear power plants, the vote seemed to have been widely
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regarded as one for or against nuclear power itself. Large sums of money
were spent on advertising. All the initiatives were defeated, and this was
seen as a vote in favour of nuclear power (usually by about two to one).

5. The California Energy Resources Conservation and Development
Commission (CERCDC) was set up in 1974 as an agency of the State
government to reduce the exponential growth of electricity. Those of us
who visited northern California met three of the five commissioners at
Sacramento, and received much documentation on the work the
CERCDC has already done. We met, too, some of the legislators and
scientists, and were impressed by the effort being put into improving
energy conservation.

6. In 1976 California prevented by law the construction of any more
nuclear plants until the following conditions were met:

—The CERCDC and the legislature determine that the "United States
through its authorized agency has approved and there exists a
demonstrated technology or means for the disposal of high-level
nuclear waste."

—The CERCDC and the legislature determine that the "United States
through its authorized agency has identified and approved, and there
exists a technology for the construction and operation of, nuclear fuel
rod reprocessing plants."

—The CERCDC has "undertaken and completed a study of the
necessity for, and effectiveness and economic feasibility of, under-
grounding and berm containment of nuclear reactors" and has held
public hearings to determine whether nuclear reactors should be
required to be sited underground or contained by berms (143).

7. In the legislation, "technology or means for the disposal of high-level
nuclear waste" is defined as meaning:

a method for the permanent and terminal disposition of high-level nuclear
waste. It shall not necessarily require that facilities for the application of such
technology and/or means be available at the time the commission makes its
findings. Such disposition shall not necessarily preclude the possibility of an
approved process for retrieval of such waste.

However, it appeared to us that there were already difficulties over the
interpretation of this definition.

8. In the United States we talked to representatives of the nuclear
industry, the power utilities, the regulatory authority, scientists, environ-
mental groups, and legislators. Both sides of the nuclear debate claimed to
be receiving increasing public support, and contended that disseminating
factual information to the public would consolidate their own position.
We had an interesting meeting with Dr Alvin M. Weinberg, Director of
the Institute for Energy Analysis, Oak Ridge, Tennessee. He had been
one of the pioneers of nuclear power, but he was not now so optimistic
because of antagonism to it. By means of what he calls a "Peace Treaty"
he was trying to persuade anti-nuclear groups to go along with his aim for
an acceptable nuclear future. He was very concerned about the opposition
and felt that, if the nuclear industry could not satisfy those who honestly
consider nuclear power is an abomination, it may lose out altogether.

9. Anti-nuclear groups were seeking a moratorium to allow the develop-
ment of alternatives which stress conservation. They claimed some
success, particularly with respect to President Carter's policy statementof
April, 1977—success mixed with some disillusionment as it would seem
that it was merely a "holding" statement to give more time in which to try
to solve problems of proliferation and to further examine reprocessing.
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10. Chapter 4 has already noted that the extensive building of nuclear
power plants in the 1960s has been followed by a comparative lull, arising
(as was suggested by legal consultants to the industry) not primarily from
concern about the safeness of nuclear power, but from such factors as
greater energy conservation after the oil embargo, economic recession,
slowing population and economic growths, and uncertainties of politics
and costs. The long licensing period was blamed for delay in ordering new

plants. The length of this period comes partly from the complexity of the
United States licensing procedure, and partly from the amount of public
involvement in the hearings. The Administration is expected to introduce
a Bill into Congress in 1978 to codify and simplify siting and licensing of
nuclear power projects. In late 1977 the Deputy Secretary for Energy
warned the AIF that the nuclear industry must change its own approach
to licensing procedures, making an earlier start on the process by
standardising design and by using sites which had been selected and
approved in advance. The industry took this to mean that he did not
expect to see any major changes in the NRC approach to licensing (144).

11. In May 1977, Westinghouse made a survey of the attitudes of the
American people towards nuclear power based on in-depth, personal
interviews of 2400 representative adults in their own homes by
professionally-trained interviewers. This survey sought to find out what
Americans knew about the energy situation today in the light of President
Carter's initiative, and perhaps more importantly, what they wanted
done. There were three main conclusions:

—President Carter's announcement of an energy program and the surrounding
publicity have massively increased American concern with energy issues. It
now ranks first with the American people.

-Support for all solutions, even when they contradict each other, has increased.
Americans are more willing today than they were a few months ago to pay the
costs and take the risks involved in various solutions.

—An increased majority of Americans today support the development of
nuclear power. While they don't have much information about more complex
issues, they back both the reprocessing of nuclear fuel and the development of
a demonstration breeder reactor (145).

12. The Carter National Energy Plan will lead ultimately to an upsurge
in the building of nuclear power plants. Although a move to more
advanced technologies such as the fast breeder plants may be delayed, the
Plan states that "because there is no practicable alternative the United
States will need to use more light-water reactors to help meet its energy
needs" (146)

13. Most people living near nuclear stations seem to be no more
concerned than the millions of people living in San Francisco for which a

large earthquake is predicted before the end of the century. We were told
that over 70 percent of the people living near to the San Onofre plant
favoured a nuclear programme.

CANADA

14. Nuclear power plants have generally been accepted in Canada. We
were referred to a research report Nuclear Power and the Canadian Public.
The overview to this report states:

The study was designed to assess levels of public knowledge, perception and
attitudes toward the use of nuclear power in producing electricity in Canada.
Members of the population aged 18 years and over were scientifically selected
from five regions across the country. Personal in-home interviews were carried
out with over 2100 adults during March and April, 1976 (147).
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The survey was the first to study Canadian public attitudes towards
nuclear power at a national level. For most Canadians, energy problems
ranked beneath their main present concern, inflation, but were expected
to increase greatly in significance in the next 5 years.

15. The survey found that 44 percent of Canadians were uninformed
about using nuclear power to produce electricity. The questions were
directed only to the "informed" 56 percent of the population, as it would
have been unfair to ask specific nuclear-related questions of "uninformed"
people. Some results were: on opinions about the use of nuclear power for
generating electricity—2l percent were opposed, and 68 percent in
favour; on safety, opinion was somewhat divided—s6 percent believed
nuclear power plants safe, and 39 percent believed them unsafe; and on
being asked to consider the sum of their knowledge and opinions to decide
whether nuclear power was worth the risks or not worth the risks—about 56
percent said it was, and 20 percent said it was not, worth the risks, and 24
percent were undecided. Thus, though nuclear power seems to be a social
issue of debate in Canada today, very few of the public are active either in
opposing or supporting it.

16. On the building of nuclear power plants, 68 percent were in favour,
63 percent were in favour of having them in their province, and 40 percent
were in favour of having them in their local area. In reply to another
question, many people preferred rural locations (47 percent), or remote
(30 percent).

1 /. H.ach ol the zIUU sample was asked what kind of information about
nuclear power was needed. Most responses were "tell all". More specific
requests included information on safety and risks, on waste disposal, and
on the way nuclear power is used to generate electricity. It is interesting to
note that when the sample was asked to rank nine sources of information
about nuclear power on a scale from "very reliable" to "very unreliable",
the results indicated that scientists were viewed as the most reliable
overall. We quote the full table from the research report:

Thus, if a nuclear plant was planned for a locality, Canadians felt that
technical experts, the Provincial Government, and the general public
should be the main ones to participate in a decision on the site.

18. The same group between April and July 1976 also studied 203
Canadian policy-makers. We were particularly interested in this study's
comparison of the views of politicians, civil servants, academics, and
environmentalists with those of businessmen—a group conspicuously

"Very reliable" "Very unreliable'
Source of Information or "reliable" or "unreliable"

% %

1. Atomic Energy Control Board ... 65 12
2. Environmental conservation groups... 57 21
3. Federal Minister of Energy, Mines

and Resources... ... ... 62 19
4. Newspaper reports ... ... 48 32
5. Provincial Ministry ... ... 61 21
6. Members of Provincial Parliaments ... 43 34
7. Scientists ... ... ... 74 11
8. Television news ... ... ... 67 16
9. Electric utility ... ... ... 58 23
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lacking among those who tookpart in our inquiry. The report showed that
environmentalists knew more of nuclear power than did the other groups.
The businessmen consistently showed most support for nuclear power, for
example the summary of the study report states:

A more general question about the construction of nuclear generating facilities
in Canada reveals that 97 percent of the businessmen, 85 percent of the civil
servants, 75 percent of the politicians, 59 percent of the academics, but only 5
percent of the environmentalists express support or qualified support for
nuclear power. In the general population 71 percent support nuclear power
(157).

BRITAIN

19. Nuclear plants have been operating in Britain since 1956, being
welcomed by the public as a rapid and successful development of a
technology—an achievement of which the nation could be proud. In
England the Secretary of State can arrange for a public hearing when a
nuclear construction site is being considered. During our visit to the
Nuclear Installations Inspectorate (Nil) we were told that hearings had
been held in most cases, and that the objections raised had been
concerned with general issues of loss of amenity and had not been specific
to nuclear power. When construction was planned for the AGRs at
present being built at Hartlepool and Heysham, there was so little public
concern about the possible dangers of nuclear reactors that it was not
thought necessary to arrange public inquiries. It is interesting that these
two stations, in the north of England, were chosen as the first two "near-
urban" sites (103).

20. As there had been no applications for construction licences for new
nuclear power stations since the 19605, there had been no local hearings at
which opinions could be expressed. Early in 1974 a decision of the
standing Royal Commission on Environmental Pollution to study the
environmental problems of a greatly expanded nuclear power programme
led to the Flowers report, which extended public knowledge of nuclear
issues.

21. The inquiry at Whitehaven into the proposed extension of the
Windscale reprocessing plant, concurrent with our own inquiry, has given
a forum for the public debate in Britain of many of the energy issues
prominent in so many of the submissions made to us. While we were in
Britain the proceedings of the Windscale inquiry were being reported
daily in the press, and many of those to whom we talked let us have their
submissions prepared for that inquiry.

22. In chapter 9 we refer in detail to the local liaison committees set up
by the CEGB and to meeting members of these committees at three
nuclear power stations. A liaison committee is set up when construction
begins, meets with senior station staff at least once a year, and is shown
the reports of tests taken by the Department for the Environment. A
committee is even more valuable as a direct link between the local
authorities, the local people, and the power station. Inquiries, complaints,
and misgivings can be, and are, expressed to its members. CEGB officials
told us that they have no doubts about the acceptability of their nuclear
plants at the local level, and our observations support this claim. They
added, however, that they do not consider that they have been able to
attain the same level of public acceptability of nuclear technology on a
national scale, although they have adopted a policy of giving information
and entering into debate. They do not consider that opposition to nuclear
power has increased greatly in Britain.
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23. In the past, organisations have been able to arrange visits to CEGB
power stations and the general public is now being given the chance to
visit stations on occasional open days. Immediately before our own visit,
Hinkley Point station had held open days on two weekends with about
26 000 visitors moving through the station and showing a lively interest in
its operation.

24. In London we heard the other side of the national debate from
representatives of the Friends of the Earth, Dr P. Chapman of the Open
University, Mr G. Leach of the International Institute for the Environ-
ment and Development, and Dr J. Davoll of the Conservation Society.
Although their emphases vary, all these organisations contend that energy
questions should be approached by analysing demand, whereas they see
official planning as being preoccupied with energy supply and the expan-
sion of generating capacity. They consider that energy conservation,
better matching of energy type to end-use, and the development of
renewable energy resources would provide better employment oppor-
tunities than would any kind of large centralised power plant. We found
that many in these groups share with some American organisations an
opposition to large power developments in general; and, though they
consider that the various dangers of nuclear power are under-stated by its
proponents, they acknowledge that other forms of power generation also
have drawbacks as yet not fully investigated. Though they would not
concede that nuclear power is inevitable in any country, most do not show
intransigent opposition to the present level of nuclear industry in their
own countries, seeming to regard it as an established, if to them undesir-
able, fact.

25. An independent national research survey commissioned in 1977 by
New Society from the Opinion Research Centre produced some interesting
results (148). It was based on a representative quota sample of 1081
adults, aged 18 and over, interviewed throughout Britain between 11 and
14 March, 1977. It showed a guarded approval for nuclear power; or at
least a stoic acceptance. Most people thought that nuclear power was
there to stay. Nearly two-thirds would accept a nuclear power station
built within 10 miles of their homes. Seventy percent said they would trust
the opinions of scientists the most. Only 5 percent would most trust
newspapers and television reports, and 4 percent, the Government. A 70
percent majority also considered nuclear plants reasonably safe. But most
people wanted to keep all options open. The public debates held on this
nuclear question have obviously done little to educate the public. The
"Don't knows" quite often held the balance of opinion. The survey found
that women were more uneasy about nuclear power than men, an
observation supported by our conversations with individual women, and
with representatives of national councils of women in North America and
Britain.

OTHER EUROPEAN COUNTRIES
Austria

26. The first nuclear power station in Austria was begun in 1971 but,
soon after, public opposition hardened, as it had in West Germany. The
Government then decided not to continue with its nuclear programme but
to set up a public debate and to keep the present station out of operation
until the reports from this debate had been discussed in Parliament and a
vote taken. Thus, because of community antipathy the nuclear prog-
ramme came to a standstill.
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France
27. It would seem that French people in general had accepted the

nuclear fission programme, but found the FBR programme something
new and to be suspected. Most of the protests within France have been
supported by foreigners, but, because there had not been any provision for
any form of public debate, a home grown attitude of protest to the nuclear
programme had begun to appear. Government appreciation of the need
for good public relations is now leading to improved consultation—with
all Ministers concerned, with local bodies, etc., and through the media. As
a result the Government feels that there is more public understanding
than in most other countries.

Sweden
28. Sweden, with a lack of fossil fuels, has developed substantial hydro

resources and also relies heavily on imported oil. The main party in the
present coalition was elected on a policy that no nuclear power stations
over and above the five at present operating should be commissioned. An
energy research and development commission was set up to formulate a
new draft energy policy for parliamentary discussion in 1978. It was asked
to examine and evaluate safety techniques and the environmental effects
of nuclear power, as well as the management of radioactive wastes. Money
was made available for research into using waste heat and developing
renewable energy sources. Attempts are also being made to limit the
growth of total energy consumption to 2 percent a year up to 1985, with an
electricity increase of no more than 6 percent a year.

29. However, it was strongly held that the present Prime Minister
would have to change his anti-nuclear stance and continue the nuclear
programme to avert a growing energy production gap after 1985. In early
1978 two more nuclear power stations were approved.

Switzerland
30. Here also anti-nuclear opposition has appeared after an early

enthusiasm and after the setting up of two nuclear power plants with a
third almost built. A protest "sit-in" has led to one proposed site being
abandoned. Public opinion polls have shown that about 50 percent of
Swiss people support nuclear power, with the rest being divided between
those who oppose it and those who are undecided.

31. Members of the Swiss Association tor Atomic Energy linked the

opposition to nuclear power with the increasing emphasis on promoting
limited population growth and limited economic expansion, with the focus
being on nuclear power, using as arguments safety, and the link with
nuclear weapons. Opponents of nuclear power have demanded a 4-year
moratorium, and a parliamentary commission has been set up to study
this proposal. There is also an initiative which, if proceeded with, will lead
to a referendum. While the proposed provisions for public acceptance of a
new nuclear plant might not be completely impossible to meet, they would
make any future expansion of nuclear power in Switzerland extremely
doubtful. It must be noted that, in Switzerland, as in Scotland, public
pressure has prevented drilling holes in rock as a preliminary investiga-
tion to find sites which might be suitable for the disposal of nuclear waste.
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NEW ZEALAND
The Phillips Study (1975)

32. The only scientific sampling of national public opinion on nuclear
power appears as a small part of a study of household attitudes to energy
use and conservation made by Dr P. Phillips. This was a postal survey of a
sample of 17 500 New Zealand households returning a 58.8 percent
response rate. The questionnaire included the following item:

Power Generation: A new power plant is planned in your area. A coal plant (a)
and a nuclear plant (b) would produce power for roughly the same cost, but the
coal plant would cause air pollution and there could be problems with disposing
of the radioactive nuclear wastes. An oil fired plant (c) could be built which
would have less impact on the environment but costs would be 50% higher and
the fuel oil would have to be imported. I would recommend the building of (a)
(b) (c) (circle one).

From the response to this item the report concluded:
In the choice between power generation options, nuclear power was selected by
24% of respondents which placed it marginally behind oil with 24.7% and a
poor third to coal with 45%. Support for the nuclear option varied between sub-
groups within the sample but in no case rose above 35%. In general terms, most
support came from the highly qualified, those with high socio-economic status
and the high income groups. There was also a distinct difference between men
and women with the latter markedly less in favour of nuclear power.
33. In response to two of 33 specific statements included in the survey to

ascertain respondents' attitudes on a five-point scale, the most frequently
endorsed answer was "undecided" when asked to comment on the
statement that "Nuclear power will give us a clean, cheap, limitless source
of energy". The second most popular was "disagree". To the statement
"Nuclear power is completely safe", the popular response was "disagree",
and the second choice was "undecided".

34. A parallel survey, using the same questionnaire on a sample of 500
members of the New Zealand Institution of Engineers, showed that:

When presented with the same choice members . . . also placed coal first but
were much more favourably disposed towards nuclear power than the general
sample with almost twice as many selecting the nuclear option.

The Ericksen Study (1975)

35. Another study was put before us by Dr N. J. Ericksen (150). It dealt
comprehensively with the subject, but is based on a sample of only 84
persons in Birkenhead and on 67 influential members of the Birkenhead
community. It was intended only as a pilot or preliminary test study.
Resources did not allow a comprehensive study to be made. Although the
significance of the study as a measure of New Zealand public opinion is
thus reduced, its thoroughness and depth gives it much interest. We
appreciated Dr Ericksen's submitting it to us and appearing in person to
discuss its findings.

36. From the responses to three questions designed to test attitudes to
nuclear power at three different levels, the sample of 84 divided into three
distinct groups. Most, 56 people (67 percent), opposed nuclear power as a
source of electrical energy; and of these 56 people, 82 percent were
strongly opposed to nuclear power. Of the 21 people (25 percent) who
supported nuclear power, only 14 percent indicated strong support. The
remaining 8 percent of the sample were neutral in outlook. The survey
was designed to find out about beliefs and the desired participation in (

decisions about nuclear power, as well as about attitudes. The opponents
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of nuclear power were found to be stronger in their opposition than the
minority was in its support.

37. The survey of Birkenhead community influential found a like
proportion opposed to nuclear power, which again showed greater
strength in its opposition. Safety factors (waste disposal and radiation)
were the reasons most often given. A majority would be willing to take
part in passive activities such as signing a petition, but fewer would
organise or join a rally. A follow-up survey 16 months later found the
same division of opinion on nuclear power with intensified attitudes and
an increased desire for more governmental openness in nuclear planning.
Evaluation of changing attitudes from September 1975 to February 1977
is of considerable interest, but unfortunately the sample by this time was
so small that we cannot give a great deal of weight to any deductionsfrom
it.

38. This widespread questioning of whether nuclear power is suitable to
New Zealand was also shown by the number of people and organisations
who agitated for a public inquiry. Chapter 1 describes how our Commis-
sion arose from an undertaking to hold a public inquiry given in the
election manifesto of the present Government. The FFGNP have stated
that the certainty of a Royal Commission modified their own earlier
intention to invite written submissions from the public (4). During our
inquiry many have remarked that New Zealand is in an unusual situation
in holding an inquiry before any substantive steps had been taken to
introduce nuclear power. We have, therefore, considered that the expres-
sion of public opinion about nuclear power and the interplay of different
assessments of its desirability, make up a very important part of this
inquiry. Before considering the evidence of general public attitudes
contained in the submissions, we shall discuss briefly the most publicised
New Zealand expression of opinion about nuclear power—Campaign
Half Million.

Campaign Half Million
39. The Campaign for Non-Nuclear Futures was formed in June 1976,

and in 4 months collected 333 088 signatures to a petition opposing
nuclear power reactors in New Zealand, either as nuclear power plants on
land or as reactors on ships at sea. The organisers of the Campaign
estimated that "while it had approximately 200 main co-ordinators, the
number of actual signature-gatherers, speakers and supporters active in
the campaign in some other way was around the 5000 mark" (27). It was
pointed out to us that the signatories of the petition represent one in every
seven New Zealanders over the age of 14. When we questioned the depth
of knowledge about nuclear issues of those signing the petition, we were
told that the publicity generated by the campaign led to increased
willingness to sign from those who were approached in its later stages.
While we are not convinced that all who signed the petition would be
unalterably opposed to introducing nuclear power into New Zealand,
under all circumstances, the size of the response shows a widespread
concern and a lack of confidence in the technology.

40. What a petition, by its very nature, is unable to demonstrate is the
depth of concern and commitment of the signatories and the reasons for
their attitudes. We are therefore grateful to those organisations which
made the effort, not only to ascertain their members' opinion for or
against nuclear power, but also their reasons for this.
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Community Organisations
41. The National Council of Women circulated a series of questions to

its members and collated the replies, which express the views "of a very
wide range of N.Z. women"( 151). The council has 35 branches, each
representing many organisations, and 29 replied to the questions. Of
these, 23 rejected the development of nuclear power as a source of energy
in New Zealand, 3 favoured it, and 3 did not know. Their reasons for and
against nuclear power were summarised under five headings, and the
submission comments that "it became clear from the numberand quality
of arguments put forward in support of the positions taken that those who
reject the concept of nuclear power for New Zealand have given consider-
able thought and study to the matter". The reasons given for opposition to
nuclear power covered accidents, pollution, weapons proliferation, cost,
and dependence on non-renewable energy resources, all of which are
discussed elsewhere in our report. The problem of the disposal of waste
products with a long radioactive life was frequently cited as a reason for
opposing nuclear power. The desirability of conserving energy was also
strongly stressed.

42. Two women's organisations, which are affiliated to the National
Council of Women at national level and whose opinions are incorporated
in the NCW submission, also presented separate submissions. The New
Zealand Federation of University Women reported on two surveys of the
opinions of its members (152). The answer was a clear 5 to 1 majority
against nuclear power. The Federation believes "the possible consequ-
ences to be undesirable and involving risks which far outweigh any
benefits". The New Zealand Federation of Business and Professional
Women's Clubs received replies to their questionnaire from 32 of their 38
clubs and reported that:

The clubs were in the majority in favour of nuclear power development with
certain reservations. Taken on membership however the percentage of individu-
als was 52% in favour 44% against and 4% abstained as they felt they had not
sufficient knowledge to form an opinion. Members in favour and those against
all felt that they need a lot more accurate information regarding nuclear power
(153).

It was apparent from these three submissions that those supporting and
those opposing nuclear power held completely contradictory opinions on
such issues as cost, dangers, and effects on the environment—not a
surprising result when many knowledgeable in the field express such
divergent views.

43. The only body, other than women's organisations, to have actively
canvassed its members' views was the Canterbury-Westland Young
Nationals. After questioning 24 of their members, they concluded that
ultimately the establishment of a nuclear power plant may well become
advisable but there are big advantages in delaying that step as long as
possible to wait for improvements in safety and efficiency (154).

44. Of the 141 submissions made to us, by far the most were opposed to
nuclear power. The arguments included the use of indigenous resources,
development of renewable resources, energy conservation, and the defer-
ment or outright rejection of nuclear power. In this they are very closely
identified with much of what we have read, and have discussed overseas.
One significant difference, however, is that, in the absence of any nuclear
industry in New Zealand, there is no strong pro-nuclear lobby here. This
is in strong contrast to some other countries, especially the United States,
where much money and expertise are spent on promoting nuclear power.
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45. A significant area where New Zealand opinion differs from that in
many countries is in the attitude of the trade unions. United States
organised labour supported the nuclear industry in the various State
initiatives, seeing it of importance in maintaining employment. In New
Zealand the Federation of Labour has stated its opposition to nuclear
power until it can be shown to be "safe and not harmful to the
environment" (70), and the Public Service Association submitted that:

power should be deferred until proved technologically safe and free
from political interference. Even if proved safe, it should not be introduced
unless it can be shown that it is more economic, reliable and socially beneficial
than any other available energy resource or combination of resources (119).
46. The difficulty of judging whether any process is "technologically

safe" was discussed before us, and in some cases it was agreed that
"publicly acceptable" would be a sufficient interpretation. But this raises
the further difficulties of information, education, and the expression of
public opinion.

INFORMATION AND EDUCATION
47. In a section of its submission called "The Measurement of Social

Acceptability", the Commission for the Environment stated:
An informed public judgement on the hazards of nuclear energy requires the
existence of readily available information on the subject ... It is also desirable
that such information should be widely discussed and debated to highlight and
crystallise the major points at issue (23).

Several submissions advanced this point of view, and some described
specific aspects on which more information is needed.

48. It has been alleged that information on the adverse effects of nuclear
power has been kept secret. It is generally agreed that its military origins
were not conducive to an early exchange and dissemination of informa-
tion. However, in recent years the trend has been reversed. Not only are
the technical documents, such as the United States Nuclear Regulatory
Commission (USNRC) regulations and the Rasmussen Report on Reac-
tor Safety, of formidable size, but there are also many more articles,
magazines, and books dealing with aspects of nuclear power. Some books
have been published during our inquiry, and, while overseas, we heard of
still more in the course of preparation. Unfortunately, much of the writing
is identified with one side or the other of the nuclear controversy, and so is
regarded with some suspicion by those of the opposing view. This, though
a natural outcome of the polarisation of opinion, is not helpful for those
who still seek factual and objective information.

49. We had hoped that our inquiry would help disseminate information
and provide a forum for the nuclear debate in New Zealand. We believe
that something of this aim has been achieved. We have already expressed
our appreciation of the fine series of papers by the DSIR and our hope
that they will receive wider circulation. In this chapter we have outlined
some of the concern about nuclear technology which was given public
expression in our hearings. We were encouraged by the communication
established by those who took a continuing part in our inquiry and by the
spirit of co-operation which we saw growing there. As well, official
decisions have been made during our inquiry which may, in some
measure, alleviate the more pressing anxieties and allow a more extended
study of the whole question of energy than appeared likely at the start of
our hearings.
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50. We have been most disappointed with the limited interest shown by
large sections of the public. Although some who have appeared before us
have claimed to represent many people, and although those who did
appear have done so conscientiously and thoroughly, the number of
people actually attending the hearings has been small, and most of those
have been presenting submissions. By and large, public attendance at our
hearings was slight. We realise that this is not uncommon with formal
hearings and had hoped that the news media would make the main issues
clear to a much wider public. Unfortunately, with a very few exceptions,
we do not consider this has, in fact, happened (see chapter 1). We hope
that our report, especially its "overview", will bring a simple and essen-
tially non-technical account of nuclear matters as they affect New Zealand
to those who are interested and concerned.

51. Widespread information becomes more important in the light of the
assertion, so often made, that decisions about nuclear power should not be
left entirely to the experts. We heard much comment on the need for
public education, discussion, and involvement in decision-making.

52. The Public Service Association (PSA) recommended:
An advisory body of scientists and informed lay persons, balancing pro and
anti-nuclear power groups ... Its function would be to hold a series of public
meetings on nuclear power, throughout New Zealand. Its meetings should be
widely publicised. It should then report back to Government and to the public,
and Government should consult the records of the meetings, the report and
public response to it, as a guide when deciding on their power policy (119).

We have studied with interest the interim report of a similar programme
in Austria and noted the difficulties encountered in finding suitable
participants and in obtaining full and objective reporting. There seems to
be grave danger that such a scheme would tend to polarise opinion and
that only the sensational aspects would be widely reported. From what we
have learned of the Austrian experience, and also of the limited success of
the attempts of the Ontario Royal Commission on Power Planning to
involve the public in formal discussion meetings, we cannot recommend
any such programme.

53. We must make it clear that this was only one of several PSA
recommendations about education for rational energy use, and about
participation in the nuclear debate. Their basic contention was that "an
educated population is a safeguard for democracy, and energy and
nuclear power are definitely areas in which widespread education is
needed" (119). This we accept.

54. Several submissions referred us to the 1974 Swedish community
discussion programme on energy options. The Church and Society
Commission of the National Council of Churches went further and
recommended:
1 CLAJIIiIIiCIIUCU.

In the New Zealand study programme we envisage, groups would enrol
(administered perhaps by the Continuing Education Departments of the
Universities) for say, 6-10 evening meetings in their own localities to study the
implications of three courses for New Zealand's energy development, including
the full range of possible directions

... As there would be non-expert
participation in discussions about alternative technologies, in weighing the risks
and assessing the benefits, prior to the study programme there must be
clarification of the relevant complex issues so that they can be presented to the
non-expert in the clearest possible way (35).
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55. We are aware of three such community discussion programmes in
New Zealand within the past decade, and we note that one on mental
health is planned for 1978. Also, after submissions had been presented,
environmental organisations asked publicly for a similar discussion prog-
ramme based on the Government's projected goals and guide-lines for
energy policy. Though we have some reservations about how deeply such
programmes penetrate all sections of society, we see advantages in them.
We recommend that if a discussion programme is implemented, it should
be based on small groups and not be a structured formal debate; include
nuclear power as one option among many in the total energy scene, and
not as a topic to be considered alone; and it should not include a formal
final report, but should aim at increasing the community's awareness of
energy matters.

56. If public information and discussion can be achieved, thereremains
the further matter of public involvement in decision-making. We have
considered the possibility of referenda on nuclear power, and we made
inquiries when overseas. In the light of what we learned, and considering
the fact that the countries where a public vote has been held on nuclear
matters are those where such votes occur much more often in political life
than they do in New Zealand, we cannot recommend that such a complex
matter as nuclear power should be decided by referendum. With the
FFGNP report already published, and now ours, we consider that the
general licensing process referred to in other parts of our report will,
together with the normal democratic process in New Zealand, give
adequate opportunity to further involve the public with nuclear questions.
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PART 111

Chapter 6. THE NZED PROPOSALS
INTRODUCTION

1. The attitude of the NZED to the need for a nuclear power prog-
ramme has changed considerably since we began our inquiry in
November 1976. At that time the departmental policy as stated in the
1976 report of the PCEPD was that:

nuclear power must be regarded as one of the main imported fuel options for
thermal generation beyond 1990 ... At the present it would still appear to be
necessary for a decision in principle on nuclear generation to be made in 1977,
or very soon thereafter (38).
2. The reasons given by the NZED for needing an immediate govern-

mental decision in principle authorising a nuclear power programme were
based on the following premises, each of which has been a matter for
debate:

(a) The forecast for electrical demand showed that 49 774 GWh per
annum would be needed in 1990,rising probably to 80 400 GWh
per annum by the end of the century (4, 39).

(b) There were no clear indications that alternative indigenous energy
sources would be sufficiently developed in time to provide the
power needed (38).

- (c) Nuclear power generation was a commercially proven technology
which could supply the 1200 MW shortfall likely to occur in
1990 (Evidence p. 85).

(d) A decision in principle would not be an irrevocable commitment to
nuclear power. Such a commitment would not need to be made
for another 5 years (40). (The difficulties of the concept of a
"decision in principle", and the changed meaning now given to
it by the NZED, are discussed later).

3. The NZED was much criticised during our inquiry for wishing to
start a nuclear power programme before being able to show that New
Zealand's indigenous power sources could not make up the expected
shortfall in electricity supply. In particular, the DSIR criticised the
NZED for not having pursued a much more vigorous geothermal prog-
ramme, while others thought that the importation of coal should have
been thoroughly investigated if indigenous sources were insufficient.

4. It emerged that NZED policy was one of predominate dependence on
commercially proven energy sources. The department said:

Over the past 20 years . . . we have tended to stay with conventional proven
sources of energy because they are commercially available and we are not in
ourselves a research and development organisation

... we are geared to buy
what is on the market . . . (Evidence p. 104).
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It became quite obvious that although the NZED had a watching brief on

unorthodox methods of electricity generation, and called on other State
departments for resource assessment, research, and development, it
followed a cautious orthodox policy when new generating capacity was
needed.

5. This is an understandable attitude in an agency responsible for
actually providing New Zealand's electric power needs. Other institutions
or other State agencies having no such operational responsibility can
much more comfortably recommend the advantages of as yet unproven
resources or of technologies still in the developmental stage. However,
there have been shortcomings in indigenous resource assessment and
exploitation which it is hoped the new Ministry of Energy will remedy.

6. The initial rather rigid attitude of the NZED changed and grew more

flexible as our inquiry progressed. The department must take credit for
the genuine attempt to meet some of the objections raised to its initial
case, and to modify its stand.

7. In its later submission 128, the NZED revised its forecast of
electricity demand to take into account a more realistic contribution by
the end of the century from previously unconsidered indigenous sources.
The demand could be met, but this was unlikely because of environmental
and feasibility restrictions. It concluded, however, that nuclear energy
must still be considered as an option as it may well be needed after the year
2000, and consequently the groundwork which would permit a move to
nuclear power must be laid well before that date.

8. The 1977 CRPR report presented to Parliament in September
confirmed this thinking. Its predictions of load demands considerably
reduced those given in the 1976 report. Indeed, there was a difference of
opinion within the CRPR on the amount of the reduction. The majority
report gave a deferment in load growth of 2 years compared with the 1976
estimates; the minority report gave a 5-year deferment (41).

9. In the 1977 PCEPD report, the nuclear power station was not
included as one of the works needed to satisfy load growth in the next 15
years, thus giving a breathing space in considering the need for a nuclear
power programme. The PCEPD still regards nuclear power as an energy
option which cannot be disregarded. It thinks that the time before a

decision must be made will allow "for a better evaluation and further
technical progress with conservation measures and with alternative means
of electricity production" (42).

10. In line with its policy of keeping its options open, the PCEPD
recommended that: "The appropriate Government departments should
therefore continue to keep in touch with the situation overseas and to
develop expertise and understanding of advances in nuclear technology"
(42). The official policy is thus quite different from that existing when our
Royal Commission was appointed.

11. Much time was spent in the presentation and cross-examination of
the NZED proposals. Because of changed circumstances many matters
raised may not now be immediately relevant, but New Zealand may well
have to face them again before long. Thus it is of more than historical
interest that we here examine the machinery of departmental decision-
making, the reasons given for the need for a nuclear programme, and the
way such a programme would be implemented.
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ESTIMATED DEMAND
12. The amount of new electric generating equipment needed to meet

expected future demand is determined from the demand forecasts of a
series of committees comprising representatives from State departments
and electrical supply authorities. An updated forecast for 15 years ahead
is produced each year.

13. Forecasts start from information given by the 61 electrical supply
authorities each of which prepares for its own local region a forecast for 5
years ahead, taking account of the many factors which may cause changes
in domestic, industrial, and commercial electricity use. The 61 five-year
forecasts are examined for consistency by a Policy and Finance Utilisation
Committee (PFUC), which combines them into a national forecast.

14. The CRPR extends the PFUC 5-year forecast out to 15 years. Before
1976 the CRPR forecasts assumed an unrestricted supply of electricity in
normal weather, and took account of the long-term economic trend.

15. In 1976 the Treasury gave the CRPR an economic forecast, and the
New Zealand Institute of Economic Research gave its views on economic
conditions, both in the medium term. Besides these, the CRPR had an
independent forecast by the Department of Statistics, and took into
account some 16 factors which were likely to reduce future electricity
demand. Full details are given in the 1976 report of the CRPR.

16. The PCEPD submits to the Minister of Electricity the necessary
additions to generation based on the CRPR report. This is then the
"Power Plan" for the year. Authorisation for any particular project is still
subject to independent reviews by the Treasury, the Ministry of Energy
Resources, and the Government.

17. The CRPR has published the following forecast guidelines in its
annual reports:

(a) . . . the ultimate object of the whole [forecasting] process is to produce, in
the long term, an adequate supply of electricity without excessive
expenditure of resources (43).

(b) . . . [the CRPR] understands it to be Government policy to provide for an
adequate supply of electricity to facilitate the achievement of its social
and economic objectives (43).

(c) . . . We believe that the committee must endeavour to produce the best
possible estimates of future requirements; it is for others to decide
whether the country can afford to meet these requirements" (39).

18. The accuracy of the CRPR forecasts has been studied in the reportof the FFGNP (4) and in submissions presented to us. The forecasts have
usually been over-estimates, and the DSIR pointed out:

It seems that the CRPR sees its task as one of not underestimating future
electricity requirements, since developments based on underestimates would be
difficult to accelerate, whereas over-development can readily be slowed down to
more closely match the demand (44).
19. Electricity generation figures over the past 40 years show an almost

constant annual increase of 7.2 percent, that is, they double every 10
years. As has been repeatedly pointed out to us, this exponential
(compound interest) growth cannot proceed indefinitely when the
resources on which it depends are finite.

20. The greater complexity introduced into forecasting in the last two
years, and the slowing down of economic growth, have reduced the
forecast percentage increase in energy demand, thus:
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Table6.1
PROTECTIONS OF AVERAGE ANNUAL PERCENTAGE
INCREASE IN TOTAL ENERGY DEMAND IN NEW ZEALAND

THE NZED SUBMISSIONS

21. References to nuclear power generation first appeared in official
reports in 1957 the year after Calder Hall, the world's first commercial
nuclear power plant, started operation in Britain. The Combined
Committee on the New Zealand Electric Power Supply concluded that:

New Zealand has better sources of power available to meet its needs for some
time to come. This is indeed a fortunate circumstance for this country which
can thus reap the benefit of further experience in this very new and promising
field (184).

But by 1964 an appendix to the Power Plan stated that in 1968 or 1969
investigations into timing of a large thermal station using either coal or
nuclear fuel must start. In 1968 the Power Plan included a 250 MWe
nuclear unit scheduled for commissioning in 1977, but noted that the
nuclear programme "could be significantly affected in the event of early
large scale discoveries of natural gas". After the Kapuni (1959) and Maui
(1969) gas fields were discovered, and large amounts of coal were
confirmed in the Huntly area, the projected commissioning date for New
Zealand's first nuclear power station was put back in a number of steps
from 1977 to 1990. The 1975 Power Plan initiated the concept of a
decision in principle on the introduction of nuclear power to New
Zealand.

22. The 1976 Power Plan forecast for the year 1990-91 an electrical
power requirement of 10 026 MW, and an energy requirement of 49 774
GWh. Estimates of electricity generation from hydro, geothermal, natural
gas, and coal, and a consideration of the state of development of wind and
solar power generation, led the PCEPD to consider that nuclear power
should be commissioned in 1990. They saw no way in which the forecast
power requirement could be met other than by a 2 X 600 MWe nuclear
power station.

23. The Power Plan pointed out the lack of precise knowledge of the
extent of our indigenous energy resources, of the rate at which they could
be economically used, and of the optimum amount which could be
allocated to power generation. It stressed that high priority should be
given to obtaining this information, but concluded that "there are no clear
indications that any such [alternative indigenous energy] resource[s] will
be sufficiently developed in time to significantly delay the introduction of
the first nuclear stations"

Period of Year of Projection
Increase

1975 1976 1977

1977-81 ... ...
... 8.6 7.3

1981-86 ... ...
... 6.2 6.0 5.6

1986-91 ...
... ... 6.1 5.4 5.1
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"Decision in Principle"
24. In its first submission (40) the NZED spelled out what it meant

by the "decision in principle" for a nuclear power programme that
it was seeking from the Government, and gave a detailed timetable of the
steps it would take when the Government gave its approval. The NZED
argued that the great amount of preparatory work needed before a new
complicated technology could be introduced into New Zealand inevitably
meant very long lead times. A nuclear licensing authority would have to
be set up to formulate safety standards; and, because nuclear power
generation was a contentious issue, the department wished to receive
assurances that it was an acceptable means of generation. However, it was
never made clear to whom this means of generation was to be acceptable.

25. The precise meaning of a "decision in principle" and its implica-
tions were not at all clear to us, and indeed the meaning the NZED
attached to the phrase altered during our inquiry. In its first submission
the NZED contended that a decision in principle was not an irreversible
commitment to nuclear power. Such a commitment would not be sought
from the Government until 5 years after an approval in principle was
received. According to the NZED, even at this stage the Government
might decide not to make a commitment to nuclear power. Many of those
opposed to the introduction of nuclear power did not accept this conten-
tion. They argued that the existence of a group of highly trained experts,
together with plans for a licensing and regulatory body, would constitute a
powerful argument for the continuation of a nuclear programme. We
think this is a valid point.

■26. In the light of the changed power-demand forecasts for the early
19905, the NZED in its later submission 128 modified its first stand. It saw
no clear indication that New Zealand could become self-sufficient in
indigenous energy without excessive economic or environmental cost. The
NZED therefore considered that nuclear power must continue to be
investigated as an important energy option.

27. The level of activity which the NZED considered to be the
minimum needed to maintain nuclear power as an energy option differs
substantially from the detailed timetable of the "decision in principle".
One would need, as it stated in its submission 138:

(a) to monitor world activity in unresolved areas (e.g., waste-disposal
facilities, the development of multinational fuel-cycle centres,
uranium availability, cost escalation);

(b) to study other developments in nuclear energy (e.g., new tech-
nologies, standardised designs);

(c) to establish the viability of reactor sites in New Zealand;
(d) to investigate the disposal of radioactive wastes, including spent

fuel, in a New Zealand context;
(e) to send staff overseas for training in nuclear technology in order to

maintain a small core of staff with a suitable depth of knowledge
and experience;

(f) to actively promote public understanding and discussion of the
issues associated with nuclear power and energy generally,

28. Mr K. D. McCool (Chief Engineer—Development) in cross-
examination after presenting the NZED final submission stated quite
clearly what was now meant by the term "decision in principle", a
meaning that was not at all apparent earlier in our inquiry.
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The Chairman . . . Do I understand that you no longer seek a decision in
principle, or do you consider that what you ask in the final paragraphs of your
submission really amounts to what you originally meant when you sought the
decision in principle.
Mr McCool... I think the point I am making is that the decision in principle
is no longer an urgent requirement. The decision in principle was really an
acceptance of the fact that nuclear power technology was something that the
country was prepared to proceed with (Evidence p. 2484).
29. The MER in its final submission merely said that it was essential for

the relevant State departments to keep up-to-date with nuclear technol-
ogy; but did not itemise what it considered a desirable level of activity. It
did not believe "that the case against nuclear power is such that it should
be rejected completely, as an approval in principle could be warranted at
a later date" (45).

The Scope of the Proposal
30. In its first submission the NZED gave a detailed 15-year timetable

of activities up to the commercial operation of the first nuclear power unit
(40). The first 5 years were to be taken up with activity governed by
the "decision in principle". The governmental approval to construct the
station was scheduled for the end of the fifth year. According to the NZED
there was no irrevocable commitment to nuclear power until this point.

31. In the first 5 years $4.9 million were to be spent, including the
salaries of the staff, some of whom would have to be recruited overseas. A
project consultant was to be appointed in the first year to advise and assist
in all phases of the first nuclear station. During this time a project team of
about 40 engineers and scientists would be assembled within the NZED.
Two-thirds of these would be sent overseas for training, or possibly
recruited overseas. They would work with specialists in State depart-
ments, especially the MWD and the DSIR, as well as with private
consultants in New Zealand.

32. The NZED would be responsible for investigation and design
studies, and would in the first 5 years have to carry out planning and
implementation in manpower and nuclear aspects; to carry out site
studies leading to the selection of a specific site; to go through the
environmental impact reporting procedures to the audit stage; to comply
with town and country planning and water rights requirements; to
prepare specifications for the reactor system, fuel, and the turbo-
generators; to call tenders and evaluate them; and to carry out a continu-
ing training programme for scientists and engineers.

33. A licensing authority independent of the NZED would be set up by
first appointing a head, key experienced staff, and a consultant. Their
preparatory work could include: legislation on liability and licensing;
siting criteria; safety criteria, codes, and standards; preliminary safety
analysis report procedures which would describe how designers are to
meet the safety criteria; quality assurance and control requirements, and
audit procedures.

34. To give it effectiveness and independence the licensing authority
should be adequately staffed to carry out its own work as early as possible.
Overseas experts would certainly be needed at first, but there would be a
need for a strong New Zealand influence on the authority. The NZED
estimated that 15 to 20 people would be needed by the start of construc-
tion of the first station. These matters are discussed in more detail in
chapter 13.
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35. Under cross-examination the NZED admitted (Evidence-p. 83) that a
nuclear power programme would not end with the building of the one
station forecast for 1990. Its nuclear power programme would compriseseveral _ stations, but the exact number was said to be impossible to
determine at present. It would not be realistic to contemplate setting up a
licensing authority or to retain the highly trained staff needed both in the
infrastructure and in the nuclear power plant itself if the country had one
station only.

36. It would follow then, that a final governmental commitment to one
nuclear power station would inevitably and eventually lead to .New
Zealand's having several stations. As Mr K. D. McCool stated under
cross-examination, "Our programme in a sense is a preparation for a
longer term involvement in a succession of nuclear power stations"
{Evidence p. 83).

Problems Raised by the Proposal
37. The NZED founded its proposal to introduce nuclear power by

1990-9! on the forecast of electricity demand for that time. NZEDforecasts were often criticised, for example, by Professor R. H. Court for
the Environmental Defence Society (28) who would not agree that the
NZED was forecasting at all but only formulating self-fulfilling plans, and
by those who considered that too much reliance was placed on the
extrapolation of previous exponential-type trends. Because electricity use
depends on unquantifiable social and economic factors, no great precision
can be expected in long-term forecasting. An accurate forecast of electric-
ity demand for 1990 would need a perfect forecast of the nature of New
Zealand society between 1977 and 1990.

38. Uncertainties in forecasting are introduced by: changes in popula-
tion which depend on migration and fertility rate; changes in the economy
and the future levels of economic activity; possible extent and effect of
changes in electricity prices; the extent to which natural gas will replace
electricity; the acceptance of the need for conservation, and the economics
of conservation.

39. As it is not known how these factors will vary in the next 25 years, it
is not surprising that estimates of electricity demand for the year 2000
vary widely. The FFGNP report (4) gives 12 graphs of the growth of
electricity demand to the year 2001. The forecast figures for that year
range from 19 444 GWh per annum to 124 000 GWh. From somewhere
within this range a figure or sub-range of figures must be chosen as the
present "best" estimate.

40. The NZED, after considering possible changes in domestic com-
mercial, and industrial electricity demand, and allowing for economic
growth continuing in the medium term, concluded "that for planning
purposes it is prudent to allow for the possibility that 60-70 000 GWh of
generation could be required in the year 2000 bearing in mind all the
uncertainties inherent in the long term" (53). In arriving at this conclu-
sion, the NZED studied three scenarios of future electricity use. These
were not forecasts but models to illustrate the effects of different assump-tions on levels of future electricity use.

41. Two basic scenarios, "Static" and "Normal Growth", were devised
and assumptions made about growth of electricity use in the domestic,
commercial, industrial, and large industrial sectors which included the
forest-based and metal-smelting industries. In each scenario it was
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assumed that: (a) the population growth was based on the low fertility
and the 5000 annual net immigration projection of the Department of
Statistics; and (b) that the growth of commercial and industrial consump-
tion was calculated from a relation based on assumed growth in GDP.
There was no certainty that the assumptions for each scenario were
economically consistent. The "Static" scenario assumed no change in
GDP per head, but a growth in population. The "Normal Growth"
scenario assumed moderate growth in the economy with no large-scale
technical innovation. ("Electrified Transport" scenario was the same as
"Normal Growth" with electrification of part of transport energy needs
added.) Projections of electricity use to the year 2000 for the three
scenarios are shown in figure 6.1. The detailed figures and notes are given
in appendix C.

42. The DSIR, in attempting to circumvent the uncertainties of long-
term forecasting, used a different approach (46). It accepted the Power
Plan estimate of demand for 1991-92 as the best available at present, and
considered the energy resources that could be developed by the year 2000.
This led to the conclusion that "resources could be found to supply an
additional 4.5 GW of generating capacity between 1992 and 2000, giving a
growth rate of about 4.25 percent per annum in that period". The DSIR
stressed that it was not recommending any particular growth rate but
"trying to assess the ability of indigenous energy resources to provide
electricity to the end of this century without the introduction of nuclear
power during that period".

43. In all the criticisms of NZED forecasts and forecasting procedures,
there was no submission which demonstrated a feasible alternative. It was
suggested by Peet and Williamson that the logistic curve fitted the
historical data of electricity use better than the exponential curve (47).
Although intuitively this curve gives a more sensible shape to extrapolated
demand, there is no a priori reason why any particular mathematical
function should fit the data and be used for long-term forecasting.

44. The need to include social and economic factors when producing
forecasts was often referred to. This is now increasingly being done, as the
1977 CRPR report stated. The organisations represented on the CRPR
(the Electrical Supply Authorities' Association, the Department of Statis-
tics, the Treasury, the MER, and the NZED) contribute in their particu-
lar fields to a collective judgment on the forecast requirements. "While
this is fully and carefully argued it is not a purely numerical process,
basically because the judgments involved are interpretive ones with
incomplete information on a complex and changing situation. Over the
last 5 years, however, there has been a shift towards increased use of
modern analytical methods as a basis for these judgments" (41).

45. A case for a nuclear power programme before the end of the century
could be made only if conventional or possible indigenous energy sources
were unable to bring planned generating capacity up to 60—70 000 GWh
by the year 2000. A number of estimates have been made of the potential
electrical energy available at the end of the century from both orthodox
and unorthodox generating methods. Our own investigations of the likely
needs for electrical energy in the year 2000 (see chapter 8) give us
confidence in accepting as reasonable at the present time the NZED
estimate of 60-70 000 GWh per annum, which we consider defines an
upper limit to the likely need. Estimates of the potential from orthodox
sources of electricity generation in the year 2000 have been given by the
FFGNP, the NZED, and the DSIR.

Sig 5
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Figure 6.4PROJECTIONS OF
ELECTRICITY

USE
TO

THE
YEAR 2001(SCENARIO APPROACH)
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46. The FFGNP gave the following as the maximum annual energy
potential:

Table6.2
MAXIMUM ANNUAL ENERGY POTENTIAL

It pointed out that the energy given as available from hydro and geother-
mal sources, and from coal-fired stations, could be realised only with a
substantially accelerated rate of development of partially investigated
sources. The FFGNP expected unorthodox generation methods to make
small but increasing contributions on which a figure could not be placed
because of lack of firm information.

47. The NZED listed the possible electrical energy contributions from
various sources additional to the 48 460 GWh per annum shown in the
1976 Power Plan and excluding any from a nuclear station, as (53):

Table6.3
ELECTRICAL ENERGY SOURCES ADDITIONAL TO 1976

POWERPLAN

The NZED concluded that, while full development of the above indigen-
ous resources would enable the projected demand of 60-70 000 GWh per
annum to be met, such development was unlikely because of environmen-
tal and feasibility restrictions.

48. The DSIR reviewed the resources that could be made available for
electric power development and suggested that the equivalent of up to 4.5
GW of generating capacity could be supplied in the period 1992 to 2000
from the following (46): 2.5 GW additional hydro-electricity and geother-
mal combined; 1 GW coal-fired station in the North Island; and 1 GW
coal-fired station in the South Island based on open-cast coal. In each of

(Source: FFGNP Report, 1977)

Annual GWh
Hydro-electric ..... 34 000
Geothermal ... ... 11 000
Coal-fired... ... ... 13 500
Gas-fired ... ... ... 10 000
Oil-fired ... ... ... 2 000

70 500

(Source:NZED)

GWh per annum

Coal-fired ... ... ... ... ... 6 000
Expanded hydro development ... ... ... 13 400
Small hydro ... ... ... ... 3 000-4 000
Expanded geothermal ... ... ... 7 000
Unorthodox sources ... ... ... ... 5 500

34 900-35 900
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these three estimates, a total potential of at least 60-70 000 GWh per
annum of generation capacity is indicated for the year 2000. Thus these
recent DSIR and NZED estimates confirm the findings of the FFGNP
that there is the potential to provide 70 000 GWh per annum from
conventional energy sources. However, as the report of the FFGNP
pointed out:

From an environmental viewpoint, however, this is hardly comforting since it
means that the comparison is no longer between a nuclear programme and
possible alternatives, but between a nuclear programme and total commitment
of all alternatives. In terms of resource utilisation such a plan would close an
alarming number of options for succeeding generations (4).
49. The NZED, with its recent experience of the effects of environmen-

tal restrictions on electricity generation is pessimistic about meeting a
target of 60-70 000 GWh per annum by the end of the century. It argues
that New Zealand must continue to consider nuclear energy along with
imported coal, as options for electricity generation. Even if it were found
that nuclear power was not needed before the year 2001, it may well be
needed after that date. The present departmental view has been summar-
ised thus:

The NZED believes that it is necessary to continue with the groundwork that
would permit a move to nuclear power in the event that it is required. It seems
clear that effective preparation for a nuclear option will not be possible without
a large measure of public acceptance that such a policy is in New Zealand'sbest
interest (53).
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Chapter 7. ELECTRICITY GENERATION IN
NEW ZEALAND

INTRODUCTION
1. To appreciate the need or otherwise for nuclear power it is essential

to have a clear understanding of the overall characteristics of the present
and the likely future power system. In this chapter we summarise the
present methods of production and discuss the extent to which indigenous
resources may cope with future demand. In doing this we comment on
various associated environmental aspects, though many of these are
considered in greater detail in other chapters.

2. Electricity was first transmitted in New Zealand in 1885 when the
Phoenix Quartz Mining Company built a small station near Skippers on
the banks of the Shotover River, Central Otago. The electricity was used
for lighting. However, it was not until 1888 that the first public electricity
system was introduced by a private company at Reefton, Westland. For
the next 27 years various local bodies and private companies undertook
generation from both steam and small hydro plants.

3. The first State-owned power station was opened at Lake Coleridge,
Canterbury, in 1915, and from then on the State assumed responsibility
for electricity supply. At first the Public Works Department (now MWD)
was responsible for design, construction, and operation. It was not until
1945 that a separate department called the State Hydro-Electric Depart-
ment was established. By 1958 it was obvious that not all our electricity
could be generated from hydro resources and the name was changed to
the New Zealand Electricity Department. In 1968, along with certain
amendments, the role of the NZED was consolidated in the Electricity
Act. In essence the NZED was required to provide "an adequate econom-
ical supply of electricity and the promotion of measures for economy and
efficiency in the use of electricity".

4. An amendment to the Electricity Act in 1976 gave the NZED a new
duty:

To undertake or,promote measures to achieve greater economy and efficiency in
the use of electricity as a means of reducing the future rate of growth of
electricity requirements.

In 1977 the NZED stated that:
The amendment more clearly defines the department's role in conservation
activity, having the dual effect of influencing future growth patterns and
reducing immediate expenditure on fuel involving, in the case of oil, a high cost
in overseas funds (48).
5. Even more recently, it has been fully recognised that the supply of'

electricity cannot be considered in isolation. Thus in 1977 a new State
department, the Ministry of Energy, was established to carry out the
functions of the former NZED, the Mines Department, and the MER.
The relevant divisions of the MWD, which in the past have been
responsible for construction, will continue to give the appropriate support
services.
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Figure 7.1 (a)

NEW ZEALAND ELECTRICITY DEPARTMENT SYSTEM, 1978
(vNORTH ISLAND)
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Figure 7. 1 (b)

NEW ZEALAND ELECTRICITY DEPARTMENTSYSTEM 1978
(SOUTH ISLAND)
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THE PRESENT POWER SYSTEM

6. At present the NZED operates 33 stations (see figures 7.1 (a) and
(b)). The energy generated is transmitted over a route of about 13 000
kilometres of transmission lines to the 61 supply
authorities and major consumers, the former distributing it to local
customers (48). The estimated generating capacity at 1 July 1977 was
5324 MW (3488 MW hydro, 1836 MW thermal), while the estimated
energy consumption for the year 1977-78 was 22 080 GWh (16 356 GWh
hydro and 5724 GWh thermal for a mean flow year) (41). There are also
generating facilities in 23 of the 61 electrical supply authorities, as well as
auxiliary units in other organisations. These, however, produce only
about 2 percent of the total energy generated.

7. Including MWD personnel, approximately 1.5 percent of the coun-
try's labour force is engaged in the electrical supply industry, including
design, construction, production, distribution, and sales (0.5 percent
NZED, 0.3 percent MWD, 0.7 percent supply authorities). Approxi-
mately 4 percent of the GNP is given to the supply of electricity, compared
with the 11 to 12 percent of the GNP which is given to the supply of energy
in all its forms. About 8 percent of the Gross Capital Formation is at
present to be found each year in the electrical supply industry (49).

8. In the bulk generation of electricity the nationally-owned electricity
system has at present 154 generators, of which 113 are water driven, 25
steam driven, and 16 gas turbines. These are grouped into 26 hydro and 7
thermal stations (see figure 7.1). In the hydro stations the individual units
range from 1.53 MW (Arnold) up to 100 MW (Manapouri). The largest
generators in the system at present are those at the New Plymouth and
Marsden A thermal stations with output capacities of 120 MW. The new
stations at Huntly (1979) and Marsden B (1979) will have units with
capacities of 250 MW, while Auckland Thermal No. 1 (1984) is presently
planned to have units of 350 MW. The proposal to establish a nuclear-
powered plant, which was included in the 1976 Power Plan but dropped
in the 1977 plan, involved units of 600 MW.

9. In planning a power system, the provision of plant (whether it be for
generation, transmission, or distribution) depends on the anticipated
magnitude and pattern of demand, availability of resources, physical
features of the country, and economics. Demand is influenced by present
and past weather, patterns of industrial and domestic usage, and by
economic and social factors. Advantage can also be taken, as in the case of
the interconnection between the North and South Island systems, of
differing peak-demand patterns, and complementary natural processes
such as river flows.

10. Typical New Zealand load curves illustrating fluctuations in
demand for electricity are shown in figure 7.2. With such wide variations
in both daily and seasonal demand, it is clear that a highly flexible system
is necessary. The difficulties are further complicated by the fact that,
because about 70 percent of the installed capacity is hydro, allowance has
to be made for both wet and dry years. For example, in a mean year,
hydro will supply about 75 percent of our electrical energy, but in a dry
year it can only supply about 65 percent, the rest having to come from
thermal plants. Thus the generating units chosen must be such as to give a
flexible, reliable, and supportive system.
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Figure7.2
LOAD CURVES FOR TOTAL NEW ZEALAND SYSTEM
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11. The nature of the demand can be characterised by the concept of a
"load factor". This is defined by the New Zealand power-planning
authorities in discussing the annual load as the ratio of the average half-
hourly load for the year to the maximum half-hourly demand that has
occurred. Load factor is expressed as a percentage, and for the New
Zealand system is about 59 percent.

12. Another way of characterising the load is to break it down into base,
intermediate, and peak components. Referring to figure 7.2, base is that
part of the load which remains relatively constant, intermediate is that part
which drops to zero over night but is relatively constant throughout the
day and evening, and peak that which occurs for relatively short periods of
the day, in particular, for approximately 2 hours around 6 p.m. This maybe taken a stage further, and a load-duration curve constructed for the
year as a whole, as shown in figure 7.2. From this graph it can be shown
that base load corresponds to 60 percent, intermediate to 37 percent, and
peak to only 3 percent of the total energy output.

13. For any given power system, the installed plant is designed to satisfy
mainly one or other of the basic categories of demand—base, inter-
mediate, or peak. Ideally one would like a unit which would run all the
time, either satisfying the needs of base load, or better still, following the
load. But due to loading pattern, maintenance, and repair, full-time
running is neither possible nor desirable, while load-following is seldom
economic. Thus units are chosen for a specific task. In general, for a
conventional system with a low hydro content, base load plant is defined as
that having an annual output factor (capacity factor) of about 55 percent
or greater; intermediate loadplant as having an annual output factor between
15 percent and 55 percent; and peak loadplant, as having an annual output
factor of less than 15 percent (50). "Annual output factor" is defined as
the total generation in a year (MWh) divided by the maximum possible
net output from the station (maximum station output (MW) X 8760
hours), expressed as a percentage. The output factor of any station is
primarily determined by system requirements. However, outages due to
maintenance and malfunction restrict the values that may be attained.

14. In understanding how generating plant is chosen to satisfy base,intermediate, and peak load needs, the distinction between generating
capacity (in MW) and energy output (in MWh) is of the utmost import-
ance. In the load-duration curve (figure 7.2) the energy output (MWh) is
proportional to the area under the curve, and the generating capacity is
given by the curve height. As already noted, base load constitutes 60
percent, intermediate 37 percent, and peak 3 percent of the total energy
output. But if it is assumed that at maximum load 10 percent of the
generating capacity is idle (for example, from outages), and that this idle
capacity is primarily in base-load plant, it follows from figure 7.2 that
about 45 percent of the generating capacity should be base plant, 35
percent intermediate, and as much as 20 percent should be available for
peaking. This may be an over simplification, but does illustrate a basic
subtlety of system design.

15. The capital cost per MWh of base-load stations (for example, New
Plymouth, Huntly, and Wairakei) is usually high. But maintenance costs
are normally low, and a low cost fuel is used if available. This type of plantis relatively inflexible unless designed, at extra cost, to be capable of load
cycling. The capital cost per unit of energy output is usually lower in
intermediate plants, but maintenance and operational costs are normally
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higher (for example, in Marsden and Meremere power stations). Peaking
stations (for example, the gas turbine plants at Otahuhu, Stratford, and
Whirinaki) have low capital costs, but also low efficiencies, high fuel costs,
and possibly high operational and maintenance costs. In general, base-
load plant should be designed to be capable of changing its function, and
is relegated to intermediate load duty as it ages. Hydro stations may be
designed to perform any of the basic functions. Because of this, the present
New Zealand system differs somewhat from more conventional overseas
systems in having some overlap in function design.

16. The New Zealand electricity system is fully interconnected, the 33
power stations feeding into a common transmission system with the two
Islands linked by the 500 kV DC transmission system. Power is transmit-
ted at 220 kV, 110 kV, 66 kV, and 50 kV through approximately 13 000
kilometres of transmission line route to about 130 substations, from which
it is supplied by the electrical supply authorities to the consumer. The
NZED, in selling to the supply authorities, sets rates for both maximum
demand and total energy use, thus ensuring that optimal use is made of
the generating capacity available. The supply authorities commonly use
remote control of water-heating systems and space heating to smooth
demand, and thus maximise the load factor.

17. The North Island and South Island power systems are supervised
from control centres respectively at Whakamaru and Islington, the object
being to optimise the use of water and fuel and to ensure effective
transmission under normal and emergency conditions. Senior engineering
staff at the NZED head office in Wellington co-ordinate this work and lay
down policy guide-lines.

18. Changing patterns of consumption, due to either technological
innovation or social change, could have marked effects on future growth
and development. As already noted, the rate of growth in consumption is
uncertain, two schedules, rather than one, being presented by the CRPR
in their 1977 report. However, in planning, the PCEPD have based their
recommended programme for development on the more rapid of the two,
corresponding to an estimated generating capacity of 11 087 MW and a
generating capability of 47 664 GWh per annum for the year 1991-92
(42). If this programme is fulfilled, the system will then consist of 38 hydro
and 12 thermal stations (counting Marsden A and B separately). These
will be supplemented by 112 MW from about 40 small auxiliary hydro
plants. The greater dependence on thermal plant implicit in the plan is of
considerable importance. Of the total 47 664 GWh generated in 1991-92,
for a mean flow year, 21 976 would come from thermal plant. For a dry
flow year this figure would be 25 830 GWh. It appears that little change in
annual load factor is anticipated over the next 15 years, although the
output factors for both existing and new plant, especially thermal, could
change significantly from one year to the next.

19. Irrespective of the date when the present power plan is completed,
whether this be 1991-92 or say 1993-94, the prime concern of our inquiry
is with developments beyond that date. Our terms of reference relate to
the introduction of nuclear power and are therefore orientated towards the
introduction and type of further base-load plant. The NZED proposal for
a nuclear power programme implied that on completion of the present
plan, base-load plant should be added in steps of 600 MW with commis-
sioning periods of about 2 years (50). This raises the inter-related
questions—Is there an alternative to a nuclear power programme? and,
To what extent can indigenous resources satisfy future needs?
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INDIGENOUS ENERGY RESOURCES
20. The main indigenous energy resources which may be used to

produce electricity are coal, natural gas, hydro, and geothermal. There
are other possibilities, most of which, however, depend on as yet unproven
technologies. These include: solar, wind, tidal, waves, biomass, and oil
shale.

21. The rate of utilisation of any natural resource at a particular time
may be limited by constraints other than the size of the resource. Society
may decide that it will not accept the environmental consequences of
exploitation. The public reaction to the optimal use of Lake Manapouri
and certain features of the Clutha plan for hydro-generation are examples.
The weight given to environmental objections can, of course, change with
circumstances and with time. Again, the shortage of trained manpower
may also limit the rate of exploitation. The Secretary of Mines pointed out
(Evidence p. 154) that there is a world-wide shortage of trained and
experienced underground coal-mining staff to take positions of responsi-
bility within the next 10 years. New Zealand shares in the shortage, and
thus a greatly increased use of indigenous coal for electricity generation,
even if desirable, may not be practicable in the near future.

22. Other environmental factors such as the production of waste heat,
or of oxides of sulphur, nitrogen, and even carbon, produced in the
burning of fossil fuels, can all influence the social acceptability of a
particular method of electricity generation. Problems of this nature may
be sometimes alleviated by present or future technological innovation
(such as the reticulation of hot water, the use of scrubbers, fluidised bed
combustion, etc.). These aspects will be dealt with in other parts of our
report. The magnitude of a resource only is discussed in this section.

23. As well as its absolute magnitude, efficiency of use of a resource
must also be considered, in particular the matching of the resource to its
end use. Relevant aspects are discussed in chapters 4 and 8. We summar-
ise here several of the more important points. In fossil-fuelled conven-
tional electricity plants, after allowing for transmission losses, only about
30 percent of the energy content of the fuel is usefully used at present.
However, the direct use of the fuel does not always lead to an improve-
ment. In the case of Kapuni gas, the net efficiency associated with the
production and domestic use of electricity is about 27 percent, while for
the direct use of the gas for similar purposes it is about 44 percent, an
improvement of 63 percent. However, the present use of coal for space
heating is only 18 percent efficient (see chapter 8).

24. The use of combined cycle plant with Maui gas to produce
electricity will raise the overall efficiency from about 30 percent to 35
percent, while further technological developments in dual system opera-
tion could result in major changes by the beginning of the next century.
Such developments could include improvements to the present type of
combined cycle plant, the successful development of magneto-hydro-
dynamic (MHD) plant to a level that can be used in public utilities, and
similar developments in the area of fluidised bed combustion. There is at
present a joint United States - Soviet project on MHD, and the
possibilities of fluidised bed combustion are being vigorously pursued in
the United States. We were in fact told during our visit to the United
States that fluidised bed plants of between 5 and 50 MW were already
being used by private organisations for the co-generation of electricity and
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heat. In this latter type of application, efficiencies of total fuel use of up to
85 percent may be achieved (see chapter 8).

25. By comparison, the present use of our hydro resources is already
highly efficient. Not only does the turbo-generator convert well over 90
percent of the potential energy to electricity, but the utilisation of the
associated water flows is also high, there being little by-passed down
spillways. For example, in 1976-77, the overall utilisation in the North
Island was over 99 percent and that in the South Island 97.4 percent (48).

Coal
26. No definitive figure can be given for New Zealand's coal reserves.

The updating of reserve estimates is carried out from time to time, and
this, together with new mining techniques, makes estimates of recoverable
coal of temporary value only. Reserves are usually quoted in an interna-
tional system of four categories of decreasing order of accuracy:
"measured", "indicated", "inferred", and "speculative" (51). Accuracy
limits of the last two are plus or minus 50 percent. A revised estimate by
the MER in 1974 of coal resources in New Zealand, based on information
obtained by the Mines Department and the DSIR, gave the recoverable
reserves in the "measured", plus "indicated", plus "inferred" categories
as 940 million tonnes (5).

27. The need for a greater knowledge of our coal reserves has been
recognised by governmental approval for the Mines Department to step
up exploration in the Waikato and in Southland. However, to prove the
coals presently classified as "indicated" or "inferred" up to the
"measured" category would entail many years' work, and an expenditure
of about $40 million (5).

28. At present no attempts are made to include the social acceptability
of mining operations in the estimates of recoverable reserves. It is
interesting to note the suggestion of the Secretary of Mines for reserves in
future to be multiplied by a factor (ranging from 0 for "unacceptable" to 1
for "acceptable") which would take account of social acceptability and
give a more realistic figure (32). It is proposed to publish results for each
coal deposit after approval of the social-acceptability factor by the
Commission for the Environment. The estimates would show the amounts
of coal "measured", "indicated", and "inferred" in the ground. They
would also show how much could be technically and economically
extracted and exploited, and the probability that the mining operation
would be socially acceptable. The amount of coal that it is believed could
actually become available would finally be given.

29. The efficiency of extraction also affects the estimation of reserves. In
underground mining, efficiency ranges from 10 to 75 percent, though for
opencast mining it may be 90 percent (Evidence p. 156). Changes in mining
technology could increase estimates of coal reserves, just as changes in
social acceptability of mining operations may alter estimates one way or
the other.

30. When the New Zealand coal reserves are considered in the light of
the needs of a large coal-fired power station, they are seen to be quite
modest. A 1300 MW station in its 30 years of operation at an average 57
percent output factor needs about 100 million tonnes of coal. Therefore,
nine only such stations would use all our coal reserves, both opencast and
underground. Planning for a coal-fired station can be done only in terms
of "measured" coal, and less than 25 percent of the resource is in this
category.

CHAPTER 7
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31. Over and above the present commitments to new mines for the
Huntly power station, the Mines Department cannot before 1990 open
any new large underground mines for power generation supply. There are
also limitations on the amounts available from opencast mines: The
department could supply 1 to 2 million tonnes of opencast coal a year from
1987. This would require a new mine, north of Huntly, which would put
about 1800 hectares of farm land out of production for 30 years and cause
pits of about 300 metres deep which may not be environmentally accept-
able (52). '

32. The amount of coal that can be committed to electricity generation
should be determined only when New Zealand's overall energy needs and
resources have been considered. The matter cannot be settled in isolation.
When coal is at present used for metallurgical purposes, and may in the
future be needed as a replacement for liquid fuels as well as for the
production of liquid fuels, it is clearly a valuable resource which should
not be squandered.

33. The NZED places an upper limit of 3000 MW for the North Island
for coal-fired generation of electricity for the year 2000 (53). The ultimate
upper limit for coal generation has been placed considerably higher by the
DSIR. The realisation of the DSIR estimate, however, depends on a
number of constraints which include completion of a great deal of
exploration, and the proving of reserves, as well as social and environmen-
tal problems. Subject to the successful solution of these problems, the coal
reserves which might become available for thermal electricity generation
are (46): Waikato coal, 2 GW; Waikato peat, 1-2 GW; and South Island
coal, 2-3 GW. (The equivalent powers indicated correspond to plant
running at 70 percent output factors.) These reserves are additional to
those already committed by the existing power plan.

34. The use of imported coal to conserve our own very limited coal
reserves was suggested to us several times. The NZED had done no
serious study of the possibility (Evidence p. 141) but is now investigating
imported coal which might meet its future needs (42).

35. The PCEPD reported in 1977 that:
A 1200 MW power station would consume about 3 million tonnes [of coal] per
annum and this would require major shipping facilities. The coal which has
been investigated has an energy content slightly higher than that of New
Zealand coal and has a relatively low sulphur content. On the information
available, the generation cost per kWh from imported coal would be only
marginally higher than from indigenous coal.
Although imported coal would not bring the environmental disadvantages of
using local coal, it would involve substantially increased overseas costs, most of
which would be vulnerable to fuel price increases, and uncertainties concerning
the reliability of fuel supply.

The Secretary of Mines also pointed out that ships of about 50 000 tonnes
would be needed to transport the coal, together with a deep water port
and transport to get the coal to the power station.

36. There are other New Zealand coal reserves on the West Coast of the
South Island and an intermediate-type plant is planned for Buller at some
time beyond the present power plan (42). However, though the Waikato
and Southland coals have low sulphur content, much of the West Coast
coal does not. Thus development of electricity generation could be limited
there.
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Natural Gas
37. Without the large assured market for natural gas in electricity

generation, New Zealand's gas fields would not have been developed as
they are now. Natural gas was discovered at Kapuni in 1959, and on the
Maui field in 1969. The gas resource is estimated to be 490 PJ for Kapuni
and 6370 PJ for Maui (54). One PJ yields 100 GWhe at 33 percent
efficiency, and hence if all available gas reserves were given to electricity
generation at the maximum calculated deliverability, 30 100 GWh per
annum could be generated to the year 2000 (44). This is to be compared
with the 1976-77 demand of 20 915 GWh per annum and the "forecast"
47 664 GWh per annum for 1991-92.

38. Under present plans the output is expected to increase up to 1989,
and then to fall slowly, with a cut-off date in the year 2008. The extent to
which natural gas is made available for electric power will depend on

policy decisions relating to alternative uses. The direct use of natural gas
in domestic or industrial markets utilises this important resource at a
significantly higher efficiency than that achieved through conventional
electricity generation. The use of combined cycle plant may modify this
situation, perhaps even to the extent of making electricity generation
preferable to the direct use of gas in domestic applications (see chapter 8).

39. The Natural Gas Corporation expressed the opinion that electricity
generation from gas should be kept to the minimum compatible with the
economics of an adequate market (55). The MER in its 1977 annual
report said that, as a result of a 1976 interdepartmental study of gas
allocation, the Minister of Energy Resources was to offer the Natural Gas
Corporation specific annual quantities of Maui gas for a rolling period of
15 years. The report says:

The quantities offered the Corporation increase from 13 percent of the gas the
Crown contracted to purchase in 1978-79 to 20 percent in 1985—86 and even
greater quantities in later years. This compares with an expected 10 percent
that would be available for general use. The quantities are to be reviewed
annually by the Minister in consultation with the Corporation and the New
Zealand Electricity Department (18).

40. The increase in use of gas for other than electricity generation
depends on the availability of capital and manpower, on technical
developments, and on the economics of substitution. The use of gas in the
domestic sector is inhibited at present by the high cost of gas appliances,
and the limited extent of reticulation. The substitution of gas for electric-
ity is dealt with at greater length in chapter 8.

41. As a petrochemical feedstock, natural gas would provide a wide

range of materials both for import substitution and as a valuable source of
export income. Transport fuels may be replaced by natural gas in various
forms, but each of the many options must be evaluated in terms of an
overall national energy policy.

42. The discovery of further gas fields in the New Zealand area would
have great economic benefits. The DSIR, on geological grounds, considers
(44) that there is a reasonable probability of discovering by the year
2000-01 further resources equivalent to 2.5 times the known reserves in
the Maui and Kapuni fields.
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Hydro
43. The expected hydro energy (mean year) generation for 1977-78 is

16 356 GWh, out of a prospective total electric energy generation of
22 075 GWh. These figures include the New Zealand Aluminium Smel-
ters' requirement.

44. There are a number of undeveloped hydro sources in both the North
and South Islands. The MER estimates that as well as the schemes given
in the 1976 Power Plan, an additional 4000 GWh per annum from the
North Island and about 15 000 GWh per annum from the South Island
are possible (5). This takes no account of small hydro schemes of less than
50 MW for which there has been no systematic review. These could
probably generate a further 3000 GWh per annum.

45. There are many constraints on the realisation of this hydro poten-
tial, the main ones being: the completion of engineering investigations; the
solution of soft rock and seismic problems at a number of sites; and, the
evaluation of the social, safety, environmental, and economic aspects of
each site.

46. Within the North Island, the prospective schemes will be the last
major ones to be developed. In the South Island, the Clutha, Waitaki, and
Rakaia schemes involve multi-purpose plans for water use which could
affect the amount of water available for power generation. The high bed-
loads of shingle in West Coast rivers also pose engineering difficulties.

47. Added to these are the constraints imposed by the social acceptabil-
ity of individual schemes. These constraints are usually based on environ-
mental grounds. If any scheme had to be abandoned or restricted in size
for environmental reasons, there would be a corresponding reduction in
the energy available, and this energy could not necessarily be replaced by
alternative schemes.

48. The MWD submitted to us a programme for the development of
hydro and geothermal resources up to the year 2000 which it considered to
be feasible only if the assumed resources of manpower, time, and finance
could be made available (56). This programme, along with possible
accelerated geothermal development, is given in table 7.1, the relevant
submission having already been presented as an appendix to the 1977
CRPR and PCEPD reports. The hydro programme would produce 4000
GWh per annum from the North Island and 9400 GWh per annum from
the South Island. The figures are not precise since in no component of the
programme is investigation of site complete, and in many cases little has
been done beyond reconnaissance. It was noted that, as North Island
hydro has very little storage capability, alternative sources of energy have
to be available to meet dry seasons. South Island hydro could meet North
Island needs only with additional transmission across Cook Strait.

49. The possible advantages of small hydro schemes, which are not
included in the MWD's suggested programme of hydro development,
were mentioned to us several times, especially by Professor J. T. Salmon,
who pointed out that there were 108 rivers in New Zealand with some
potential (30). The NZED has been reluctant in the past to become
involved in small hydro schemes, doubtless because financial and
manpower resources were fully committed to major hydro development.
However, though the potential of small hydro is not great in terms of total
electricity needs, proposals to assist supply authorities with investigations
and construction are being discussed with the Government (53).
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Table7.1
POSSIBLE PROGRAMME FOR FURTHER HYDRO AND

GEOTHERMAL DEVELOPMENT TO THE YEAR 2000 AD
Note: Stations listed in appendix V of the 1976 Power Planning Report are

Geothermal
50. The Waiiakei geothermal station has proved to be one of New

Zealand's most Reliable electricity generating plants. It has been in service
85 percent of the time to generate 80 percent of the energy that could be
generated if it were run at maximum rating. Wairakei first fed electricity
into the grid in 1958 and was completed in 1964 operating at 150 MW.
Since then, it has generated 16 percent of the electric power produced in
the North Island. A 150 MW geothermal station at Broadlands is in the
power plan, scheduled for commissioning in 1983-84.

51. The efficiency of a geothermal station is only about 10 percent.
Ideally, a geothermal plant should be used to produce hot water for
industry as well as,electricity. This is done to some extent at the Tasman
Pulp and Paper plant at Kawerau, and hot water is used for lucerne
drying at Broadlands. The distances of the bores from possible industrial
users hinder an extension of the scheme.

52. The DSIR estimates that, in addition to the present Wairakei and
proposed Broadland stations, there is 1390-2160 MW available from
other known geothermal sources in 13 places. It considers that, subject to

not included.
(Source: MWD Submission 104)

Annual Energy Potential
Production Additions
(GWh/year)
At 2000 AD Beyond 2000 AD

North Island Hydro—

Kaituna ... ...
270

Mohaka ...... 1 000
Wanganui ... 1 600
Rangitikei ... ... 700 200
Other... ... ...

430 600

Sub-total ... ... 4 000

South Island Hydro—

Upper Clutha II ...
2 190

Lower Clutha ...

...... 610 1 670
Lower Waitaki ...

...... 3 600 4-00
Buller 3 000 1 000

Sub-total ...... 9 400

Geothermal (North Island)—

Seven stations completed... ... 7 000 5 600

Total ...
... ... 20 400
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technical studies being completed, certain environmental and safety
questions being solved, and a more aggressive investigation programme, it
would be possible to produce from 0.5 to 1 GW by 1991. An extra 2 GW
could also be produced, part in 1991-2000 from known sources, and the
remainder after 2000 from various future developments (46).

53. The major environmental problem raised by the use of geothermal
steam has been associated with arsenic and other toxic constituents in the
waste hot water. Experiments have been carried out at Broadlands both
on the removal of these substances and the reinjection of the waste water
back into the ground. Successful experiments together with other studies
suggest that the problem is solved (57). However, we believe that there is
need for an early practical demonstration on site of the adequate disposal
of waste geothermal waters.

54. The DSIR considered that geothermal generation could have made
a greater contribution to New Zealand's power requirements than it has
done. It was critical of the NZED for not pursuing this option more
vigorously. The NZED argued that the PCEPD would not consider
geothermal as an option until wells had been drilled and the field
measured (Evidence p. 87). There does not appear to have been NZED
pressure for increased exploration and proving of new fields.

55. The MWD view of the geothermal potential that can be realised by
the year 2000 is somewhat more conservative than that of the DSIR. It
considers that seven stations producing 7000 GWh per annum wouldbe a
realistic estimate of what can be done (42). Much of the DSIR estimate is
made up of contributions from sources which are still in the "indicated"
and "inferred" categories rather than "measured".

Unorthodox Sources of Electricity Generation
56. Besides energy sources which are at present being used for produc-

ing electricity, there are a number of other indigenous resources which in
principle could also be used. Economics or technological factors may
make exploitation on a large scale not viable. It is conceivable, however,
that in the not too distant future, electricity could be produced in New
Zealand from solar radiation, wind, waves, urban wastes, and plant
material. The FFGNP discusses these and concludes:

Some of these sources have very considerable power potential. However, no
firm evidence has been produced that they will be harnessed to a sufficient
extent by the end of this century to permit them to be classed as viable
alternatives to nuclear power station generation (4).

57. The DSIR considered that wind, solar energy, and urban wastes
may contribute to New Zealand's electric power generation either
directly, or indirectly through substitution. Although likely to be valuable
the contribution is not expected to be large—an estimated 0.5 GW by the
end of the century. Nothing is expected from waves unless developments
overseas show the way. Electricity generation from burning plant material
is estimated as less than 0.5 GW (46).

58. Because these unorthodox energy sources were mentioned to us on
many occasions, we shall discuss briefly their extent where it is known.
Other aspects of the use of these resources are treated elsewhere in our
.report.
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Solar Energy
59. The sun's energy is unlimited, but there are two distinct disadvan-

tages to its use: the energy is diffuse, and it is intermittent needing some
form of storage.

60. The maximum intensity of solar radiation received at the surface of
the earth is about 1 kWm"2. But in New Zealand, even for a surface having
the optimum tilt and orientation, only 170 Wm'2 would be received as a
daily average. For a 10 percent conversion of this energy to electricity,
which is a probable value, it follows that large areas would be needed for
the direct conversion by photovoltaic methods. Nevertheless, there is
considerable interest in this possibility in the United States, although
present indications are that capital costs could be high, and that there is
unlikely to be any significant contribution to electrical energy require-
ments before the end of the century.

61. The direct use of solar energy to run conventional steam cycles is
also being considered in several areas in the United States, and deserves
watching. It is questionable whether New Zealand has either the appro-
priate land areas or insolation necessary to ever make such applications
viable.

62. Solar energy would most likely be applied in New Zealand to water
heating and space heating. Since these come under the heading of
conservation techniques, they will be discussed in the next chapter.

Wind Power
63. From an analysis of the wind records of the Meteorological Service,

Dr N. J. Cherry has estimated that the potential installed capacity for
wind-power generation in New Zealand is in excess of 20 000 MW (58,
59). Sites with a high average wind speed include the west coast of the
North Island, Cook Strait, Foveaux Strait, the Otago-Southland coast,
Banks Peninsula, Rakaia Gorge, and coastal areas that are elevated and
exposed to winds from the west or south.

64. The natural variability of wind complicates the use of wind power.
Although there have been proposals to connect wind generators into the
national grid (59), most schemes entail a complementary system with
storage. It seems feasible to use hydro-electric storage lakes for this
purpose.

65. Utilising the potential for wind-power generation means solving
technological problems of windmill design, and of systems analysis to
integrate such a scheme into the NZED network. The economics of wind-
power generation and its integration would need to be investigated more
exhaustively than they have been so far. Environmental considerations
are by no means negligible. It has been pointed out that the generation of
5 percent of New Zealand's energy needs for the year 2000 would require
350 X 2 MW wind generators operating at 55 percent plant factor (42).
Each generator would have a tower height of 55 metres and a rotor
diameter of 80 metres.

66. Although windmill development wouldbe an imported technology,
local research and development is appropriate in some areas. The
NZERDC has funded two major projects on wind energy: one to measure
and analyse wind conditions at a number of sites, and the other to
investigate the integration of wind-power generation into the supply
system.
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Wave Power
67. There is a considerable amount of interest and activity overseas in

the development of wave energy systems, especially in Britain where a
number of the approaches were noted by members of the Royal Commis-
sion. Averaged over a year, there are about 80 kW of power in each metre
of wave front approaching Britain from the Atlantic. The total power
available is close to 120 GW and it is believed that a very large fraction of
this could be converted to electricity. There are, however, large variations
(by a factor of 10 or more) in the wave-front energy due to storms,
seasonal changes, etc. Because of this, some kind of storage system is
necessary, and the conversion structures must be steel-stressed. Also, it
has been estimated that in Britain the cost of electricity from wave power
could be five times or more than that from nuclear sources (60).

68. The properties and magnitude of wave power on New Zealand
coasts is being investigated at present. The NZED is supporting a
programme of wave measurement to assess the potential (42). By
comparison, the small tidal range in this country is not considered to be
adequate for electricity production.

Biomass
69. Wood or woodwaste has been suggested as a renewable resource

that could be used for the generation of electricity. Troughton and Cave
give 19.66 GJ per tonne as the energy content of dry radiata pine, and
quote the annual dry matter production at 15 tonnes per hectare (61). If a
1200 MW thermal power station operated at 70 percent output factor and
35 percent thermal efficiency, a pine forest of 260 000 hectares would be
needed to supply the wood fuel (3). This corresponds to about 2 percent of
New Zealand's arable land.

70. Forestry need not compete with agricultural land. However, accord-
ing to the NZED, 40 percent of the present forest area and 10 percent of
the land area thought suitable for forestry development (at the 1974
Forestry Conference) would be needed to fuel a 1000 MW station (53).
With the present high value placed on sawn logs, and on the pulp and
paper industry, direct competition for forest products from the electricity
industry may not be in the national interest.

71. Combined timber milling and energy farming may be possible in
some areas. There are also areas set aside for forestry which are not ideally
suitable for exploitation by the pulp and paper industry. Based on
scheduled planting rates until 1980, Northland, Gisborne, and Canter-
bury could support a total generation of 1800 GWh by the year 2000;
ultimate capacity could be from 5000 to 7000 GWh.

72. Both the economics and social acceptability of growing timber for
fuel in electricity generation present problems, the former being discussed
later in this chapter.

73. The most serious energy problem that New Zealand will have to
face towards the end of the century is the provision of a substitute liquid
fuel for transport. Present technology can produce methanol and ethanol
from biomass. Whether it will be appropriate to use large areas to produce
fuel for electricity generation rather than liquid fuel for transport is a
question that must be faced.
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FUTURE DEVELOPMENT
74. Table 7.2 summarises the basic characteristics of the fully

completed 1977 Power Plan (42, 38).

Table:7.2
THE COMPLETED 1977 POWER PLAN

75. The main points to note are the predominance of the thermal plant
in the North Island, and its absence in the South. However, as already
noted, a 240 MW intermediate coal-fired plant is being planned for
Buller. The individual generating capabilities have not been indicated
since these could depend on weather patterns and changes in demand
characteristics. However, from the PCEPD 1976 report it is apparent
that, for the anticipated load pattern, a system of this nature is capable of
producing about 49 000 GWh a year.

76. Both Auckland No. 1 and No. 2 are scheduled as base-load stations,
and Huntly is scheduled as an intermediate-load station, although it could
also be used for base-load operation if need be. If present intentions are
followed, no further gas (or oil) base-load plants will be built beyond the
completion of this plan, although it is conceivable that additional plant for
either peak or intermediate application could use these fuels.

77. It is notable that, apart from the use of relatively small amounts of
oil, this system relies entirely on the use of indigenous resources. For
developments beyond this plan, possible contributions from the further
use of such resources are summarised in table 7.3 which is taken from a
NZED submission (53) with the addition of the South Island coal which
was considered to be also possible by the DSIR (46).

(Source:PCEPD Reports 1976, 1977)

Station Fuel Generating
Capacity in MW

North Island—

Meremere ... ... coal 196
Huntly... ... ... gas/coal 960
Auckland No. 1 ...

... gas 1 340
Auckland No. 2 ... ...

gas/coal 1 005
New Plymouth ... ... gas/oil 575
Wairakei ... ... geothermal 160
Broadlands ... ... geothermal 150
MarsdenA ... ... heavy oil 240
Marsden B ... ... heavy oil 240
Gas turbines, Otahuhu ... light oil 280
Gas turbines, Whirinaki ... light oil 220
Gas turbines, Stratford ... gas 220

5 586
Hydro ... ...

... 2 331
South Island—

Hydro ... ... ...
3 505

Total ... ...

11 422

Possible Generating Capability GWh ... 49 000
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Table7.3POSSIBLE ELECTRICAL
ENERGY

CONTRIBUTIONS
IN
THE
YEAR
2000

FROM
VARIOUSSOURCES;(additional

to
those
shown
in
table
7.2)

(Source:
NZED

submission
128

amended
and
modified)

Note:
By

way
of

comparison
the

1200
MWe
nuclear
station
shown
in
the

1976
Power
Plan
is

expected
to

produce
7400
GWh
per
year

when
it
is
fully

commissioned. Energy
Source

Annual
Energy

or
Generation

Contribution
Comment

on
Limitations

on
Development,

Enviromental
Impact,

ect.

Technique.

in
GWh

Coal— North
Island

......6
000

Commitment
of
coal
for

stations
beyond
those

already
in
plan
in

doubt.

South
Island......
6
000

Expanded
Hydro

Development...
13
400

Increased
allocation
of

resourcesto
hydro

development
required.
Lack

of

public.acceptance
may

inhibit
someof

the
proposed

schemes.

Small
Hydro

......3

000—4
000
Full

development
would
probably
requremorethan
50
small
hydro

stations.

Expanded
Geothermal

...7
000

A
number
of
schemes
each

requiring
enviromental
clearance.

Proof
of

enviromental
solutions
not
finali

Possible
land

subsidence/conflict
with

tourist
industry.

Wind

.........Possibly
Technical
feasibility
and
economics
yet
to
be

demonstrated.

3

400

Energy
Farming

......1

800

Large
land
areas

involved
need
to

be
fully
investigated.

Refuse

.........350

Overall
potential
not

great.

(in

Auckland)
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78. The table shows a total of about 41 to 42 000 GWh per annum,
which means that by the year 2000, 90 000 GWh per annum could
conceivably be generated from indigenous sources. This is considerably
more than the 60 to 70 000 GWh which the NZED has stated it would be
prudent to plan for. However, from the point of view of planning a power
system (for reasons given in the preceding section and summarised in
table 7.3) the sources listed in table 7.3 can, for the moment, be regarded
only as speculative. Again, there are economic factors and load matching
to be taken into account.

79. The MWD has stated that the capital costs for the development of
the hydro and geothermal sources shown in table 7.1 (up to 2000 only) are
$940 per kW and $620 per kW respectively at 1976 values (56). The
comparable cost for nuclear power is $770 per kW, interest and decom-
missioning costs being ignored in all cases (62). On taking into account all
costs, the NZED has stated that the new geothermal would cost 1.6 cents
per kWh, and the new hydro 2.5 cents per kWh (53). The costing refers to
base-load type operation, and for comparison the NZED gives 1.9 cents
per kWh for coal, 2.9 cents per kWh for nuclear, and 3.1 cents per kWh for
oil (62). In a letter to the Royal Commission in reply to some of
Treasury's criticism, the NZED stated that capital costs for the individual
schemes in the MWD hydro programme cover the range 1.87 to 3.12 cents
per kWh. The approved small hydro schemes are expected to cost about
the same as that for the new major State schemes, but it is believed that
further developments of small hydro could be more expensive (53). In the
absence of storage, wind (if technically feasible) could be competitive with
nuclear (53), but wood-fired power stations could be relatively expensive,
in the range 4 to 5 cents per kWh. This, presumably, is associated with the
fact that, due to furnace design, a small unit size of 60 MW is dictated at
present (53). On the other hand, more recent studies have shown that,
even with reinjection of waste water, the Broadland's geothermal costs
could be less than the 1.6 cents per kWh given by the NZED, being in fact
nearer 1.4 cents per kWh (57). It follows that, apart from the use of wood
and perhaps small hydro, direct economic factors are not in themselves an
impediment to the further use of indigenous resources. In fact the further
use of hydro, geothermal, and coal is to be preferred to the use of imported
nuclear or oil fuels. A discussion on the economics of nuclear, coal, and oil
plants is given in chapter 14.

Load Matching
80. The problem of load matching is a highly technical subject. Not

only must the consumption pattern be taken into account, but among
other factors a merit order of operation and minimum plant factors must
be assigned to the individual elements of the system. There are, however,
a number of general comments that can be made. The completed existing
power plan will presumably match the then existing load. Assuming that
a further 21 000 GWh is needed for the year 2000, corresponding to the
upper limit of 70 000 GWh suggested by the NZED, one reaches the
requirement of about a further 14000 GWh for the North Island and
about a further 7000 GWh for the South, if, as assumed, present geog-
raphic patterns of consumption persist. From tables 7.3 and 7.1 we have
for the North Island: geothermal, 7000; coal, 6000; major hydro, 4000.
Thus, with the development of these resources alone, the North Island
needs could be met. Furthermore, assuming that base plant must supply
60 percent of the load, this could be covered by geothermal, and by "fine
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tuning" of the system. Similarly, in the South Island with 9400 GWh of
major hydro and 6000 GWh of coal, there appears to be no major
problem. In the absence of the coal, however, there could be difficulties,
although these could be alleviated by a second Cook Strait cable costing
$160 million for a capacity of 1200 MW (53), and the development of
small hydro. If the accelerated hydro and geothermal programme put
forward by the MWD is vigorously pursued (which incidentally could
lead to over-capacity in earlier years), and if there is a significant but by
no means full exploitation of the remaining Waikato coal fields, it would
seem to be possible to provide the 70 000 GWh for the year 2000 which
would match our needs. This assumes no great environmental objections,
and that the necessary resources of manpower and finance will be made
available (see chapter 15). The South Island base-load requirements
would still have to be met by hydro. Whether there is any great objection
to this is uncertain, but it has been stated by Wong and Hewlett:

The aim now is to build future hydro stations wherever possible for low load
factor operation to complement the base load operation of future large thermal
stations which cannot perform the load cycling role as easily as hydro (50).
81. Whether or not this statement is relevant to the South Island power

system, it is of considerable importance to the aims of our Royal Commis-
sion. Taken at its face value, it implies that future hydro plant is not to be
used for base-load purposes, and is not therefore an alternative to nuclear.
We accept this, believing that the appropriate alternatives are either
geothermal or coal with the former being preferred for reasons already
given. We note with interest that accelerated programmes for both
geothermal investigation and coal exploration were included in the 1977
Budget.

Beyond 2001
82. Developments beyond the year 2001 are uncertain. Tables 7.1 and

7.3 show that there would still be about 25 000 GWh a year left, over and
above the 70 000 assumed for the year 2000. It is, of course, doubtful
whether wood will ever be regarded as a suitable fuel, and the use of wind
has still to be proved. Further, stations like Auckland No. 1 and Huntly
would have to be replaced as base-load plant by about 2010, and
Auckland No. 2 not long after.

83. The DSIR has considered a number of possibilities including other
major hydro schemes, the full development of the Otago-Southland coal
fields, developments in geothermal technology, and possible future
petroleum discoveries (46). Major developments in solar energy and wave
power are also possible. Again, a slower growth in the use of electricity in
this century could lead to consumption rates of less than 70 000 GWh a
year by 2000 leaving known reserves to be carried into the next century.
On the other hand, economic, environmental, and social factors could
restrict the further use of indigenous resources. Taking everything into
account, we are forced to agree with the following two statements made by
the NZED that: "Even if nuclear power is not essential before the year
2000 it may well be required beyond that date" (53); and that:

There is as yet no clear indication that by utilising indigenous energy supplies
New Zealand can become self sufficient in energy without excessive economic
and environmental cost. Until this is the case nuclear power must be considered
as. a possible option for the future, and investigations into its utilisation must
continue at a level commensurate with its potential importance (63).
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Chapter 8. ELECTRICITY CONSUMPTION
IN NEW ZEALAND

INTRODUCTION

1. Since the commercial acceptance of electricity as an energy source at
the beginning of this century there has been an extremely rapid increase in
its consumption. From the 1930s to the present day the growth in demand
for electricity has doubled about once every 10 years (see figure 8.1).
Departures from this rate of growth have occurred but these have
produced little more than an oscillation about the basic 10-year doubling
time.

Figure8.1
NEW ZEALAND ELECTRICITY GENERATION 1920-1991
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2. Public awareness of this pattern of exponential growth has come onlywith the realisation of an impending oil shortage, the necessity for
generation by means which, it is feared, might irrevocably affect the
environment, and the alleged inevitability of nuclear generation with allits peculiar ethical and social problems.

3. Although an ever accelerating increase in growth is unlikely to
continue indefinitely, we do not know when there will be a flattening inthe growth curve. It is generally accepted that our present pattern of
electricity consumption will eventually turn out to be part of a logistic or
S-shaped curve rather than a simple exponential. However, we can saylittle about the ultimate shape of this curve which will be determined bypopulation and industrial growths, social and economic standards, and

the possible substitution of some other energy source for electricity.
4. Presumably because it has been clean, convenient, cheap, and

relatively safe, electricity has largely displaced its competitors (oil, gas,coal, and wood) from the lighting, cooking, and water heating markets,and is now making major inroads into the space heating field. Within
industry it has become the major supplier of mechanical power. However,
the electronics field including communications and computers is the onlymarket for which electricity cannot be replaced by some other energy
source.

5. In this chapter, with these points in mind, besides discussing the
general pattern of consumption, we speculate on the ultimate size and
nature of the market for electricity. In this way we arrive at a measure of
the adequacy of the various estimates already made for future needs, and
test the hypothesis that future growth patterns can be controlled by policydecisions. In doing this we recognise that what may be relevant now maybe of little consequence in the future, the social and economic objectives of
the community being continually subject to change. Nevertheless, we
must emphasise that, contrary to common belief, because of the scale of
the particular technology involved the rate of social change accompanying
a new innovation can be slow, corresponding to a period of perhaps about
a human lifetime.

PRESENT PATTERNS OF CONSUMPTION
6. The pattern of electricity consumption for 1976-77 by economic

sector is given in table 8.1. In the transmission and distribution of
electricity there are inevitable losses between the generating stations and
the consumers. At present these losses are about 5 to 7 percent in the main
transmission network with a further loss of 5 percent in the local distribu-
tion system. These losses have been taken account of in the table.

Table8.1
ELECTRICITY CONSUMPTION BY SECTOR

(Source: Based on figures from PFUC (41) )

%

Domestic
... ... ... 45

Commercial ...
... ... 15

Minor industrial
... ... 18

Major industrial
... ... 22
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7. "Commercial" includes public services such as hospitals, univer-
sities, etc.; "major industrial", the forest-based, and metal-smelting
industries; "industrial", manufacturing, mining, food processing, farm-
ing, and construction. (Food processing accounts for about 5 percent and
farming about 2 percent of the total electricity consumed.) It is also
interesting to note that public lighting accounts for only 0.6 percent and
traction about 0.3 percent of the total (53). Much of the electricity used in
public transport (for trolley buses, etc.) is produced by the local authority
concerned and is not accounted for in the table. The quantities involved,
however, are believed to be relatively small (Evidence p. 2255).

8. The most rapidly growing sector over the past. 10 years has been the
major industrial, the growth being about 21 percent in 1976-77 (41). In
fact, as pointed out by the Friends of the Earth (64), from 1969 to 1976 the
major industries were responsible for 42 percent of the increment in
consumption. However, the PFUC does not anticipate any significant
change in this sector's percentage share of the total over the next 5 years
(41), while the scenarios of the NZED, referred to in chapter 6, actually
imply a relatively large decrease by the year 2001 (65).

9. In the domestic sector the average consumption for each household is
about 8000 kWh with close to 90 percent of all households being equipped
for both electric cooking and water heating. On the other hand, only
about one-third of all houses are heated solely by electricity, correspond-
ing to half the existing homes in the North Island and 20 percent in the
South. The typical electricity consumption for an average all-electric
home in the middle region of New Zealand is summarised in the following
table (53):
Table8.2
TYPICAL ELECTRICITY CONSUMPTION FOR AN AVERAGE

ALL-ELECTRIC HOME
(Middle region of New Zealand)

Although the energy consumption in space heating given in the above
table is not one of the highest items, it could conceivably become the
highest, possibly up to 10 000 kWh per annum, if widespread whole-house
resistance heating became popular (see paragraphs 20 ff).

10. Overall, on a national basis, about 60 percent of domestic electricity
is used at present for low-grade heat (in the ratio of about 3 for hot water
and 1 for space heating), and about 12 percent for high-grade heat, that is
for cooking (33). The ratios are probably similar for commercial buildings
although, with this sector also including public services such as hospitals,
etc., the percentage used for low-grade heat could perhaps be nearer 50
than 60 percent.

(Source: NZED submission 128—Summary of table 2)
kWh per annum %

Water heating ...
... 4 000 39

Space heating ...
... ... 2 000 19

Cooking ... ...
... 1 200 12

Lighting ... ...
...... 700 7

Appliances ... ... ...... 2 400 23

Total ... ...
... ... 10 300
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Table8.3
HEAT USE IN INDUSTRY

(GWh per year)
(Source: NZED submission 128)

Note: That the total electricity use for all purposes in the South Auckland area for the
industries surveyed was 450 GWh, and that in the Hutt area was 50 GWh.

Heat at Temperature

South Auckland (Penrose, Otahuhu, Panmure, Mt. Wellington, Wiri)
Total heat demand 126 244 345 429 746 1049
Heat supplied by electricity 22 23 23 23 23 98

Lower Hutt (Gracefield)
Total heat demand 70 111 134 231 231 256

Heat supplied by electricity 0.9 1.0 1.1 1.1 1,1 7.7

11. Table 8.3, based on recent surveys of the industrial sectors, implies
that only 5 percent of electricity consumption of those sectors goes into
low-grade heat (that is less than 120°C) and about 16 percent into high-
grade heat (greater than 240°C). The lack of an intermediate category
suggests that the use of electricity for high-grade heat is probably "non-
substitutable". It is also interesting to note that the total process heat used
in industries of the type surveyed corresponds to over twice their total
electricity consumption. Whether these observations are true for all
industry is uncertain, but the survey included freezing works, pulp and
paper manufacture, sawmilling, textile manufacture, glass and steel
manufacture, chemical works, and food and beverage processing (53).

12. Using these considerations, and table 8.1, we have estimated in
table 8.4 the pattern of electricity consumption in terms of end-use rather
than of economic sector. Our estimate assumes that the pattern of
consumption in the commercial sector is the same as that in the domestic
sector and that the use of electricity for the production of heat in all
industry is adequately represented by table 8.3.

13. According to this analysis 48 percent of the electrical energy at
present consumed in New Zealand is "fixed", that is, essentially non-
substitutable. In fact, assuming that industrial high-grade heat is also
fixed, this figure becomes 54 percent with only 46 percent being used in a
way which would readily permit replacement. This is an interesting
observation. For a practical situation, if we assume that half the domestic
and commercial buildings obtain half their hot water from solar panels,
that half the high-grade heat for cooking is provided by gas, and half the
space heating by either gas or heat pumps, the total saving is only 15
percent. This is considerably less than the 50 percent or more suggested to
us in several submissions.
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Table8.4
ELECTRICITY CONSUMPTION IN TERMS OF END USE

THE POTENTIAL MARKETS FOR ELECTRICITY

14. Many submissions pointed out that electricity should be little
different from any other consumable item. Like any such item it should
follow an S-type curve, a "saturation" level* being determined by the size
of the market and the activities of other competitors within it. In the case
of electricity, in terms of normal commercial expectancy, the rate of
market penetration has been relatively slow. The result has been that the
real growth characteristics have become confused by concurrent popula-
tion growth, technological developments, and increases in standards of
living, all of which have continually tended to increase the market size.
The potential market for electricity, a premium fuel, should be almost the
entire energy field. However, over any period the market can be limited by
both economic and technological factors, while the fraction of the poten-
tial available can be controlled by both pricing and policy decisions.

15. The apparent rapid growth of electricity in the past has been largely
due to its suitability as a substitute for other fuels. It should follow
therefore that both present and foreseeable markets should already be
reasonably well defined and identifiable, thus permitting planning as
distinct from forecasting. Unfortunately, this does not appear to be the
case, a point emphasised by the second submission of the Campaign for
Non-Nuclear Futures (66). The domestic sector has been extremely well
researched, even down to the consumption by individual household
appliances (33, 53), but the same cannot be said to be true of other
sectors. It was, however, apparent from cross-examination during our

*That is, not a true saturation as growth could still occur after the curve had passed through
a knee.

(Source: Royal Commission on Nuclear Power Generation)

% %

Low Grade Hot Water ...
... ... 30

Domestic ... ... 21
Commercial ... ... 7
Industrial ... ... 2

Space Heating ... ...
... ... 9

Domestic ... ... 7
Commercial ... ... 2

High Grade Heat ... ... ... ... 13
Domestic ... ... 5
Commercial ...

... 2
Industrial ... ... 6

Fixed (Lighting, appliances, etc.) ... ... 48
Domestic ... ... 13
Commercial ... ... 4
Industrial ... ... 31
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hearings that this deficiency is well recognised, and present and past
research by both the NZED and NZERDC is going a long way towards
filling this need. Subject to these restrictions, we attempt to estimate for
ourselves an upper limit for the consumption of electricity in the various
economic sectors for the year 2000. The prime object in doing this is not so
much to produce our own forecast for that year but more to understand
the limitations and appreciate the inherent assumptions in the many
forecasts that have been brought to our attention during our hearings.

Domestic Sector
16. The basic components of the domestic sector are well

defined—water heating, lighting, cooking, appliances, and space heating.
The market for the first three is close to saturation, and the use of
appliances is also approaching saturation. There appears, however, to be
enormous scope for space heating (and perhaps cooling) (53). To obtain
an estimate of a possible upper limit for the domestic sector in the year
2000, we assume that all houses are all-electric, with space heating
provided solely by electricity.

17. In 1976 there were 1.03 million housing units in New Zealand (see
appendix C). Ignoring demolitions (which are about 2000 a year (51)) by
the year 2001 this could increase by about another 700 000, corresponding
to 28 000 new units a year, which is close to the average over the past 5
years. From table 8.2, a typical all-electric house uses about 8000 kWh per
annum for water heating, lighting, cooking, and appliances implying a
total consumption of about 13 600 GWh by the domestic sector for these
purposes alone in the year 2000. At present the average (as distinct from
the "typical") all-electric house uses about 2500 kWh per annum for
space heating (53). The MER has pointed out:

In the past the growth rate in heating consumption per household is estimated
to have been in the range 1.5 to 3 percent per annum, giving a doubling time of
between 23 and 46 years. This growth rate is expected, without conservation, to
continue at the lower end of the range so that the average consumption after
about 40 years will approach the amount consumed by the larger domestic
users today (33).

18. Choosing the fastest growth rate referred to in this statement, the
average all-electric house could use 5000 kWh per annum by the year
2001 corresponding to a total of 8500 GWh for the postulated 1.7 million
housing units. It follows that the total consumption for all purposes in the
domestic sector for the year 2000 could be about 22 000 GWh. Since,
however, the average of 2500 kWh for present day space heating is
weighted towards the North Island (as pointed out previously), 22 000
GWh could be an underestimatefor all houses all-electric. Furthermore, it
has been pointed out on a number of occasions that the present incidence
of high-comfort space heating in New Zealand is relatively low. O'Malley
has stated:

The study revealed that the incidence of high comfort space heating was not
high. Moreover, it is highly income related—much more so than otherforms of
consumption. It is also particularly sensitive to fuel pricing, perhaps because
the substitution alternatives are more numerous, or because the running costs
are more noticeable. Clearly it means that energy consumption could poten-
tially continue to increase faster than real income (67).
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19. For an increase in real GDP of 3.5 percent per annum the real GDP
per head will have increased by 1.81 by the year 2001 (see appendix C).
We could therefore have underestimated the real demand for 2001 by
allowing for only a factor of 2 increase in space heating by then. Since the
problems inherent in resistance space heating were emphasised on several
occasions, especially by the Friends of the Earth (64) and Ecology Action
(Otago) (3), we believe that further discussion on this matter is
warranted.

20. Shaw and Stephenson in their NZERDC report on heat pumps
express the opinion that a suitable level of thermal comfort in New
Zealand could correspond to temperatures of 20° C (68°F) in living areas
and 15° C (59°F) elsewhere. They concluded that to reach these conditions
a fully insulated average New Zealand house (the average being over all
climate regions and housing types) needs about 11 000 kWh per annum,
and a house uninsulated except for ceilings, about 19 000 kWh per annum
for space heating (68). These figures are irrespective of the form of
heating, being the actual heat values over and above any thermal gain
from solar input, people, appliances, cooking, etc., necessary to maintain
the appropriate temperature difference between inside and out. In an

attempt to obtain an upper limit to the domestic space heating market we
assume that all houses are fully heated to the comfort level defined above,
with new houses being fully insulated and existing houses uninsulated
(except for ceilings). For the 1.03 million houses existing in the base-year
of 1976, 20 000 GWh would be needed for their space heating in the year
2000. Allowing for a 20 percent increase in size of an average new house
(the average three-bedroom house is at present only 102 square metres
(68)), the addition of another 700 000 houses would require a further 9000
GWh, giving a total of 29 000 GWh for space heating for that year. If this
heat was to be provided by electrical resistance methods only, the then
total domestic electricity consumption for the year 2000 could be 43 000
GWh, over twice the present consumption for all economic sectors.

21. If, however, such levels of thermal comfort were desired, the relative
economics would almost certainly lead to refitting of existing houses to
levels of insulation comparable with those of new houses. That is, the
space-heating need for the year 2000 could drop to about 20 000 GWh
rather than being 29 000 GWh. Furthermore, at these levels of heating it
is quite probable that heatpumps would be economic, reducing this figure
further to 10 000 GWh (for a coefficient of performance of 2, see para-
graph 39), a value little different from the originally estimated value of
8500 GWh. This means that on an overall national basis, conservation
techniques (discussed in detail later) are more likely to achieve the house
warmth required than the direct use of more electricity in purely
resistance heating devices.

22. One other aspect that should be taken into account is a possible
increase in summer air-conditioning. However, it has been pointed out by
Shaw and Stephenson (68) that in North American conditions air-
conditioning systems usually only operate at temperatures above 24°C. In
Auckland a daily average of more than 24° C comes only on 0.2 days a

year. Shaw and Stephenson thus consider domestic air-conditioning
unwarranted.

23. It therefore appears that our original estimate of 22 000 GWh, or
from the above discussion, say 23 500 GWh per annum, is a reasonable
estimate for the domestic sector in the year 2000. We are not saying that
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all houses will be or should be all-electric by that year, nor that all existing
houses should be refitted or even that those houses with a high space-
heating load should use heat pumps. We are merely remarking that there
appear to be sound economic incentives why the domestic load should not
exceed 23 500 GWh per annum in the year 2000, and pointing out the
potential impact that resistance space heating could have. We believe
furthermore, that because of the large demands that could be made on the
energy sector as a whole, the question of space heating deserves further
investigation with, as the Friends of the Earth have asked (64), emphasis
being placed on the general criteria for thermal comfort.

Commercial and Industrial Sectors
24. The individual components of the non-domestic sector cannot be as

readily identified as those for the domestic. There are, however, excep-
tions. The major consumers buy their electricity in bulk from the NZED,
the greater part of which is for specific well-defined purposes. Again,
electricity use in the transport sector is specific. There are uncertainties, if
any, only in the commercial and minor industrial sectors. Within the
former the pattern of consumption could still, by the year 2001, be similar
to that within the domestic sector. However, as noted by the NZED: "The
general trend . . . towards increased automation of process will be a
significant if small contributor to an increased use of electricity in
commerce" (53).

25. In the case of the industrial sector, as implied in the previous
section, consumption is essentially for "fixed" purposes. That is, apart
from its use for the production of small quantities of specialist process
heat, its primary use must be in the area of plant and machinery. This
means, in particular, that any question of "saturation" hinges on the
extent to which further appliances may be used in the future. We assume,
of course, that electricity will not for economic reasons be used for the
general production of process heat. On the other hand, as with the
commercial sector, automation could be important. The NZED stated:

Analysis has shown that electricity consumption per unit of industrial output is
rising . . . This continuing trend is interpreted as being the result of the
automation of process, the increased use of plant and machinery and improve-
ments in working conditions (53).
26. In a sense this statement stresses that the mode of consumption is

not well identified. However, the NZED has also shown for past patterns
of consumption (excluding the large forest-based and metal-smelting
industries) that there is a strong relationship between the rate of growth of
electricity consumption in the non-domestic sector and the rate of growth
of real GDP. This is shown in figure 8.2. A mathematical model using the
data from 1958 to 1976 has been developed to fit this relationship, and the
fit is good (53). This model is discussed in detail in appendix C and
considered again later in this chapter.

27. The nature of the model, and the data in figure 8.2 on which it is
based, are such that for a constant rate of change in real GDP the rate of
growth of electricity in the non-domestic sectors, excluding the large
industries, decreases with time, the change being in fact about 0.12
percent a year. That is, for example, for a growth rate of real GDP of 4
percent a year for all years, the model gives the present (1978) growth rate
for electricity at 6.6 percent but 7.8 percent for 1968. If the model should
be applicable to future growth patterns, then for the same rate of change
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of GDP, the corresponding growth rate of electricity will be 4 percent by
2001, implying a saturation level, that is zero growth, in about 60 years.

28. Higher and lower rates of change in real GDP give higher and lower
growth rates for electricity, and again since the rate of change of real GDP
actually fluctuates from year to year, so does electricity consumption.
Table 8.5 gives predictions on this model for the year 2000, corresponding
to the requirements of 6500 GWh (including an anticipated 10percent for
transmission losses) in the year 1976 for the non-domestic sector (exclud-
ing the large forest-based and metal-smelting industries).

Figure8.2
PERCENTAGE MOVEMENT IN NON-DOMESTIC ELECTRICITY CONSUMPTION* (Et)

AND REAL GROSS DOMESTIC PRODUCT (GDP)

29. Whether the model will still be valid by the year 2001 is of course
questionable. However, table 8.5 does give an indication on past patterns
of behaviour of the sensitivity of electricity growth to changes in the rate of
growth of real GDP. As a reference point, the OECD has implied that for
about the next decade the average rate of economic growth in New
Zealand could be in the range 3.3-3.5 percent a year (69).

30. If we assume that the ratios implicit in table 8.1 are still relevant to
the year 2000, then for a 3.5 percent rate of change of real GDP ayear, we
would expect from table 8.5 that for the year 2000 the major industries
would consume 15 500 GWh, transmission losses included. This is, of
course, a completely arbitrary assumption and is merely applying the
same model to the forest-based and metal-smelting industries as to the
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