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MEMORANDUM

TO: John Shupe, Chairman
Committee on Alternate Energy Sources for Hawaii

FROM: Doak C. Cox

The February 1975 report on Alternate Energy Sources for Hawaii is a
most important document, meriting wide distribution, extensive use, but also
critical review. It seemed especially appropriate for us in the Environmental
Center to review the environmental considerations in the report, and hence I
found time for such a review.

Though the result, submitted herewith is bulky, I do not regard it as very
thorough. I have suggested some ways in which the environmental conclusions
might be reexamined, but have been able only to give hints as to the probable
results of such reexamination. I have perhaps spent time examining general
aspects of alternative energy sources that might more usefully have been spent
focussed on environmental impacts.

However, I assume that the general problem of alternative energy sources
will remain a very important one for a very long time, and that there will be
much future opportunity for investigation of the environmental implications of
potential energy developments. The review will be of principal value, perhaps,
as an indication of the great and continuing pertinent interests of the
Environmental Center.

Doak C. Cox, Director
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ENVIRONMENTAL ANALYSIS
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This report on "Alternate " Energy Sources for Hawaii" (Hawaii Natural
Energy Institute and Department of Planning and Economic Development, February
1975) prepared by a committee of the State Advisory Task Force on Energy Policy,
represents an important milestone in the consideration of energy sources on
which increasing reliance must be made in the future as petroleum becomes
increasingly scarce and costly.

This review focuses on the environmental aspects of the alternative energy
sources discussed in the report, and particularly on the report of the Task
Force on Environmental Impacts, Appendix K, and the summary of that task force
in the main report (p. 20).

The report will probably serve well for several years as a reference on
the potential applicability in Hawaii of most conceivable alternative energy
sources. The analyses of environmental impacts it presents will also be useful
for some time. However, it appears that the tabulated rankings of energy
sources by the severity of associated environmental detriments suffer from the
means of treatment of missing data. Revised rankings are supplied in this review.

Differences in the rating of environmental detriments between the task
forces dealing with individual energy sources and the Environmental Task Force
indicate areas on which special attention should be focused in future analyses.
Hov/ever, such analyses should in addition give further consideration to alterna-
tive classifications of energy sources that might provide better discrimination
among the sources on the basis of their environmental effects, to the renewabi-
lity of sources and potential reserves of non-renewable sources, to appropriate
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weighting of environmental aspects whose detriments are rated, to environmental
benefits as well as detriments, and to additional environmental aspects.

Although the report as a whole suggests bases for some immediate decisions
on the development of alternative energy sources, its special value is in the
guidance it provides as to the priorities of further investigation as to the
feasibility and comparative benefits and detriments of alternative energy source
developments. Environmental as well as economic aspects must be considered, and
the development decisions should represent choices among the alternatives based
on overall benefits. Discussions presented in this review are not at all intended
to provide the comprehensive environmental analyses that should be made, but
merely to stimulate and provide some slight guidance to them.

Revised environmental rankings

The environmental evaluation survey reported presents two lists purporting
to show the rankings of those alternative energy sources that would result in
least environmental detriments. The sources are listed in order of increasing
detriment. The first list (pp. K-2 & 5) is based on the judgements of the task
forces concerned with individual alternative energy sources. The second (p. K-5)
is based on the judgments of the Environmental Task Force. The judgments in both
cases are detailed in Task Force Tables 1 and 2 (pp. K-3 & 4) which present
matrices showing ratings for each alternative energy source with respect to each
of 15 environmental detriments as well as total detriment ratings for each source.

The differences between the two lists and between the two tables suggest
disagreements in judgment between the individual task forces and the Environmental
Task Force. However, the differences are in part unreal, resulting from an over-
sight whose correction would result in changes in the lists themselves.

The overall ratings that were computed from the tables and were used in
ranking the energy sources were supposed to represent, for each energy source,
the total of the rating points for all of the detriments. However, the individual
task forces failed to supply ratings for certain of the detriments in the cases
of cane and pineapple bioconversion and geothermal energy sources, and supplied no
ratings for solar or wave energy or nuclear sources. The Environmental Task Force
failed to supply one rating for the hydroelectric energy source. In the summation,
the blanks were treated as zeros, thus implying detriments smaller than those
indicated by rating 1, "less than none to negligible," and hence underestimating
the overall detriments.

There is, of course, no way of supplying the missing rankings except by
going back to the task forces, but the oversight may be remedied approximately
by supplying the judgments of the Environmental Task Force where they were not
made by the individual source task forces or vice versa. (On the average the
Environmental Task Force tended to assign rankings 0.22 points higher per detri-
ment than the individual task forces, but adjustments correcting for this
tendency would be insufficient.)
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Making the substitutions, the alternative energy sources are ranked in
table 1 in decreasing order of total detriments, using the rankings of both the
individual task forces and the Environmental Task Force.

Discrepancies in rankings

Major discrepancies between the ratings assigned by the individual source
task forces and the Environmental Task Force suggest areas in which further
analysis is warranted. Table 2A indicates major discrepancies (equal to or
exceeding 4 rating points) in individual energy source totals for all detriments
(after adjustment of the totals to compensate for missing detriment ratings as
indicated above). Table 2B indicates major discrepancies (equal to or exceeding
4 rating points) in individual detriment totals for all sources. Table 2C indi-
cates major discrepancies (equal to or exceeding 2 rating points) for individual
sources.

The discrepancies in total ratings for individual sources are the most
important, of course. The discrepancies in individual ratings are of interest
primarily as they indicate priorities for further detailed analysis in attempting
to account for the discrepancies in source totals. The discrepancies in detriment
totals are of significance primarily as they may suggest biases in the estimation
of the individual task forces or the Environmental Task Force. Five of the nine
major individual rating discrepancies, for example, correspond to detriments for
which there were major discrepancies in totals.

No systematic review of the reasons for the discrepancies has been attempted
in this report, although some possible reasons are identified or may be implicit
from the discussions to follow. Attention has been focused instead on differences
in source characteristics and environmental impact aspects that appear to have been
overlooked or at least inadequately considered in this preliminary report.

For comparative purposes, it would have been very interesting if the
Environmental Task Force had provided ratings for the petroleum products that
are our present major energy source.

Classification of energy systems by source and use

In approaching the probable environmental impacts of the various systems
for using energy from alternative sources, some confusion has been introduced
by the classification of sources used by the Committee on Alternative Energy
Sources. For example, the "bioconversion" source identified as "gas" in tables 1
and 2 and as "fuel from cellulose" in the rankings on pp. K-2 and K-7 seems
intended to represent the production by physical means of liquid and gaseous fuels
from solid plant materials including waste materials, whereas the other "bio-
conversion" sources identified as "forest," "cane" (or "burning cane trash"),
"pine" (or burning waste pineapple plant material), and "other" seem to represent
direct combustion of plant materials (including wastes). The "solid waste"
sources identified as "PUROX" and "Garrett" also represent the production by
physical means of liquid or gaseous fuels from solid waste materials, including
those derived directly or indirectly from plants as well as others of organic
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total environmental detriment

Rating Totals
21
22

23

24
25

26

27

28

29

30
31
32
33
34

35
36

37
38

39
40

Individual Task Forces
Hydroelectric
Cane trash
Pine trash

Fuel, agr. mat.
Fuel, urban waste, Garrett

Wind

Fuel, .urban waste, PUROX
Coal, ocean-based

Ocean thermal

Geothermal
Other agr. mat.

Forest mat.
Coal, liquid

Coal8 land-based

Environmental Task Force

Hydroelectric

• w

Fuel, agr. mat.

• Wind
Solar

Fuel, urban waste, Garrett

Cane trash
Pine trash
Fuel, urban waste, PUROX
Waves
Ocean thermal

Urban waste

Coal, liquid

Other agr. mat.

Coal, ocean-based

Nuclear

Geothermal

Forest mat.

Coal, land-based

« Urban waste

Explanation
« • Connection between corrected ratings of a source by individual source task

force and by Environmental Task Force
? • Source rated by Environmental Task Force only
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Table 2. Major discrepancies in environmental detriment rating
(Environmental Task Force rating minus individual

source task force rating)

A. Individual source totals for all detriments B. Individual detriment totals for all source:
Geothermal (+9) Energy resource depletion (+7)

Coal: ocean-based (+8) Water consumption (+7)
Forest materials (+6) Water pollution (+7)

Cane (+6) Air pollution (+5)
Pine (+6) Noise (+5)

Other agricultural materials (+4) Area required (+4)
Thermal discharge (+4)

•

C. Individual detriments for individual sources
Forest materials

Energy resource depletion
Cane

Water consumption
Pine

Water consumption
Geothermal

Area for conversion
Coal: liquid

Air space
Coal: land-based

Air space
Water pollution

Coal : ocean-based
Water pollution
Transportation hazard

(+3)' *

(+2) *

(+2) *

(+2) *

(-2)

HI(+2) *

(+2)
(+2)

* Major individual detriment-source discrepancies
coinciding with individual detriment total
discrepancies
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origin, whereas "fuel" seems to represent direct combustion of such material as
fuel.

The overall environmental impacts of energy systems involving either the
direct combustion of agricultural products and waste materials for electric power
generation or the production of fuels from such products or wastes include not
only the impacts of the initial conversion of products and v/astes but those of
the transmission of the electric power, the transportation of the fuel, and the
eventual use of both. Looked at this way, there may be more important differences
in impacts between direct combustion of materials, whether they are urban wastes
or agricultural wastes, and fuel production from such materials, than between the
use of urban wastes for energy and the use of agricultural wastes for energy.

This suggests that the environmental impacts of alternative energy systems
would best be undertaken in relation to a matrix classification of the systems
by energy source and means of energy use.

Table 3 represents mainly a crude generic classification of energy sources--
those discussed in the environmental appendix to this report, some discussed in
other appendices, and a few not found in the report or its appendices. The use
dimension is not represented except in the discrimination between direct combustion
of and fuel production from waste materials. It is thus only a suggested start at
the suggested classification.

The Environmental Task Force discussion suggests a few important distinctions
associated with use not represented in the classification. It indicates, for
example, that solar heating may appropriately have much wider applicability to
water heating than at present, and that the environmental detriments of such a use
would be slight. The suggestion is that the detriments of such use may be much
less per unit of energy than those associated with electric power production from
solar energy.

Rating dependence on source renewability and potential reserves

The whole purpose of the environmental impact survey was, of course, to
determine comparative environmental detriment ratings among alternative sources
of energy. However, within some of the individual energy sources identified and
rated there appear to be alternatives as to source character that would lead to
variations in rating as important as those between the sources identified.
Whether the energy source is a renewable or non-renewable resource is, of course
most critical. Renewability ought to be judged in terms of the life expectancy
of the human race, not cosmic or geologic time scales. For sources that are non-
renewable in the human time frame, the relation of potential reserves to the
probable rates of extraction is critical. Also of importance are the duration
of cycles of natural availability. The discrimination in these respects repre-
sented in the identification of sources in the report is only partial. The
rough rankings in tables 3A, B, and C, based on renewability, cycling times, and
the time scales of resource depletion, indicate that some of the identified
sources ought to be subdivided for their adequate analysis.
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' Source identification by
Environmental Task Force

I. Direct conversion of nuclear energy
II. Indirect conversion of nuclear energy

A. Geothermal energy
B. Solar radiation

1. Direct conversion
2. Through meteorological processes

a. Wind
3. Through meteorological and oceanographic

processes
a. Waves
b. Ocean thermal
c. Ocean currents

4. Through meteorol., oceanog., and
hydro!ogic processes
a. Hydrostatic head
b. Osmotic head

5. Through biological processes
a. Combustion of agricultural

products or wastes
i) Sugar cane trash

•
ii) Pineapple trash

iii) Forest materials
iv) Other

b. Combustion of geologically altered
materials
i) Coal, lignite, etc.
ii) Petroleum
iii) Natural gas

c. Combustion from miscl. materials
(urban wastes, including agricultural
trash, paper, plastics, waste oil,
etc.)

Rankings

Geothermal

Solar

Wind

Waves
OTEC

Tables

Nuclear

Geothermal

Solar

Wind

Waves
OTEC

Hydroelectric Hydroelectric

Burning cane
trash
Burning pineapple
trash

Cane

Pine

Forest

Other

Coal

Solid waste: fuel



Table 3. Alternative Energy Sources

Production of fuels from biological
and geo.-biol. materials
i) Solid fuels

a) From agricultural materials
(chemical)

b) From fossil fuels (coke)
ii) Gaseous and liquid fuels

a) From fossil fuels
(e.g. gasoline)

b) From agricultural products
or wastes

c) From urban wastes

Source identification by
Environmental Task Force

Rankings Tables

Fuel from
cellulose
Pyrolysis

Byconversion:
Gas

Purox and Garrett



Table 3A. Non-renewable resources

Extremely long term potential resources

Short term (decades)

Solar energy *
Wind
Waves
Ocean currents
Ocean Thermal
Hydroelectric
Nuclear fusion
Coal
Nuclear fission
Petroleum

Natural gas

*The extremely long-term reserves of solar energy are of importance not only with re-
spect to continuing availability of solar energy for direct conversion, and for driv-
ing the meteorological, oceanographic and hydrologic cycles, with their energy conver-
sion capabilities, but also for the continuing production of all biological products.

Table 3B. Natural variation in availability of non-renewable resources

Long term cycles

Annual cycles

Diurnal cycles

Short term variation

solar energy at surface
average hydroelectric
average wind
average waves
average ocean currents

solar
hydroelectric
average wind
average waves

solar energy
wind

hydroelectric
solar energy
waves
wind

Table 3C. Renewable resources

Long term renewability (decades)

1
Short-term renewability ( a n n u a l )

Continuous renewal

Forests
Other agricultural
Cane
Pine

Other agricultural

Urban wastes *

*The combustible parts of urban wastes include some products based on fossil
fuels and hence are partly non-renewable.
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Weighting of detriments

It is unclear from the report whether the impact severity ratings assigned
to particular environmental aspects for particular energy sources are intended to
be relative to each particular aspect or absolute. An especially severe impact
for some particular aspect would be of great overall importance if the aspect
were an important one. An especially severe impact for some other particular
aspect will be of slight overall importance if the aspect were an unimportant one.
It would be helpful to distinguish between:

a) Relative severity ratings which, for any environmental aspect, may vary
from source to source.

b) Aspect weightings, which would be constant for any one aspect.

c) Weighted ratings representing the product of a) and b).

A ranking of sources based on the sums, source by source, of weighted
ratings for all environmental aspects is sound. A ranking based on the sums of
relative severity ratings is sound only if all aspects identified and evaluated
are of equal weight. The ranking of the overall environmental detriments of
alternative energy sources in terms of the totals of ratings for individual detri-
ments would be sound if, but only if, all of the aspects to which detriment
ratings were assigned were of equal weight.

Nine of the 15 environmental aspects recognized in the report were assigned
maximum severity ratings of 4 by the Environmental Task Force for one or more of
the energy sources. The other six were assigned maximum ratings of 3. This could
mean that severe weighted impacts for all (rating of 4) would have been of equal
weight, but that theoretically possible severe weighted impacts were not presented
by any of the energy sources considered for the 6 aspects: area of transmission,
use of air space, water pollution, toxic substances, solid wastes and public
health.

If the rating numbers are, thus, intended to be weighted ratings, it must be
concluded that the visual intrusion resulting from combustion of forest and other
agricultural products for power (rated 4) was considered as important as the
transportation hazard presented with nuclear power (also rated 4), more important
than the public health detriment of nuclear power (rated 3), and much more severe
than the water pollution, toxic substance and solid waste detriments of nuclear
power (rated 2). This does not seem probable.

If rating numbers do not relate to weighted ratings, and if the weightings
of the individual environmental aspects are not equal, ranking of the totals means
little. For example, the source task force rankings of power development using
cane trash as a fuel (22) and hydroelectric power development (21) would be
reversed if, for example, area commitment and visual intrusion each had twice the
weight of thermal discharge.
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Environmental benefits

The method of ranking energy sources in relation to the severity of environ-
mental detriments assumed that all significant impacts will be detrimental. Even
if it were assumed that all changes from natural conditions were detrimental, the
assumption would not be wholly valid because some changes that will be associated
with energy development will be changes from already unnatural conditions. If
benefits and detriments are rated in relation to overall long-term human welfare
the assumption is clearly invalid.

Critical in the determination of the overall benefits or detriments of
energy developments from a number of materials is the distinction between use of
materials extracted or produced entirely for the sake of the energy that may be
derived from them, and use of materials that are now considered wastes. There are
clearly benefits associated with some means for utilization of present wastes.

Areas required for energy conversion and transmission, for example, have
been rated, appropriately, as environmental detriments. In the case of waste
materials, however, areas required for present disposal ought to be considered.
Any reduction of such areas resulting from the utilization of the waste material
as an energy source should be counted as a benefit. It seems doubtful that the area
requirements for urban solid-waste pyrolysis plus disposal of the waste materials,
would be as great as the area requirements for present means of disposal.

Similarly air pollution has been rated, appropriately, as a detriment, but in
the case of waste materials, reduction of the air pollution from present disposal
methods should be considered a benefit. It seems doubtful, that the air pollution
resulting from use of agricultural wastes as fuels for electric power generation
would be as great as the air pollution resulting from field burning of these wastes.

Rating dependence on spacial and temporal characteristics

The severity of many of the detriments would appear to depend critically on
location. To the area required for conversion in the case of power development
from coal, the coal task force assigned a detriment rating of 3 if the power plant
were land based but only 1 if it were ocean based, presumably because land areas
?.re severely limited in Hawaii but not ocean areas around our islands. However,
the task force assigned equal ratings to both ocean and land based plants for
thermal discharge (3), water pollution (2) and air pollution (2). It would seem
that a thermal discharge and air and water pollution at sea would be of far less
consequence than on land or in an estuarine situation.

Neither the source task forces nor the Environmental Task Force could have
been expected to go into detail in the evaluation of site-dependent aspects of
environmental detriments for the purposes of the present report, but variability
with site will become increasingly important as the investigation of alternative
energy sources continue.

^
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Environmental aspects possibly overlooked

Consideration of the severity ratings provided for hydroelectric power
development suggests that some environmental aspects of importance at least to
that form of energy conversion were not taken into account.

Energy resource depletion and water consumption area were appropriately
rated as detriments, but some properties important to water as a renewable resource
appear to be overlooked. Water is not decomposed or chemically combined by its use
in conjunction with any of the energy conversion methods discussed. It may be
polluted and its temperature may be changed (water pollution and thermal discharge
detriments), its "consumption" otherwise must relate to its evaporation. (Inci-
dentally, it is not clear why water consumption ratings vary so greatly for
seemingly similar processes in which water is used for cooling.) The value of
water is dependent, however, on spacial and temporal characteristics.

The head loss involved in hydroelectric power development may be seriously
detrimental if the water whose head is lost might be used for some other purpose
at altitudes between the point of diversion and the point of release.

If no storage were provided, the imposition of a release schedule based on
power requirements might be seriously detrimental if times of power demand
coincided with the times of needs for other purposes in that altitude range or
If they coincided with times when the water was not needed for other purposes below
that altitude range.


	RG0019001
	RG0019002
	RG0019003
	RG0019004
	RG0019005
	RG0019006
	RG0019007
	RG0019008
	RG0019009
	RG0019010
	RG0019011
	RG0019012
	RG0019013

