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SUMMARY

The Statistical Commission considered a draft system of environment
statistics (B/CN.3/L52) at its eighteenth session, and recommended that work
in this area should continue. The present paper deals with one part of the
over-all framework of environment statistics proposed there, namely,
gtatistics con materials/energy'balances, proposing draft guidelines for the
compilation of such gtatistics. It is designhed on the same principles as the
System of Naticnal Accounts, and is entirely compatible with the naticnal
accounts. It is also entirely compatible with "Towards a System of Integrated
Energy Statistics” (Ech.ﬁ/h76), also before the Commission. Unlike the
latter, which is focused upon short-run possibilities and objectives, the
present paper is concerned with a longer-run statistical programme, cne which
may be thought of as an cobjective towards which to aim, rather than a project
for immediate implementation.

The paper discusses the uses of statistics of this type (chapter II),
degign criteria {chapter IIL) and the structure of the proposed framework '
(chapter IV). It then goes on to provide the necegsary definitions (chapter V).
Chapter VI ceontains a short note on the assessment of environmental damages
and abatement costs, and chapter VII suggests possible ways to approach
implementation in the shorter run.

76-06520



B/CI.5 /492

English
Page 2
chTENTs
\ Paragrabgﬁl
INTRODUCTION:; R ;f; e . 1. 12
I. ACTION BY THE COMMISSION . . . ... . ; C e . 13
'II; USE OF MATERIALS/ENERGY BALANCES N SIMULATION AND :
OPTIMIZATION MODELS T T
111;‘ DESIGN CRITERIA AND PROBIZMS . . . R é#'- 37
IV. STRUCTURE OF STATISTICS ON MhTERIALS/ENERGY BAIANCES . 38 - '59
v; DEFINITIONS OF NATURAIL RESOURCES, COMMODITIES AND
WASTES @ v 4 4 4 s o o v o & s s o « o s o o s 5 a o » 60 - 88
VI; ENVIRONMENTATL DAMAGES AND ABATEMENT COSTS v v v oo B9 - 97
VII; POSSIBILITIES FdR INITIAL TMPIEMENTATION . . . . . . 4 98 - 105

Anrex. MATRTX EEPRESENTATION OF STATISTICS ON
MATERIALS/ENERGY BATANCES



E/CN.3 /o2
English
Page 3

INTRODUCTION

. ) l/ . ' . L ,‘ . )
1. The present paper— is a continuation of werk on part of the programme out-

lined in "Statistics of the. environment", (E/CN.3/L52), considered by the Statis-
tical Commission at its eighteenth session,g/ It contains draft guidelines for
statistics on materials/energy balances, as part of the over-all development of
statistics on the environment. Those elements of these guidelines dealing with
energy statistics are in harmony with the programme outlined in "Tewards a System
of Integrated Energy Statistics" (E/CN.3/476), also before the Commission. The
framework proposed is intended to encompass a common core of statistics that would
be sguitable both for analysis of the energy economy per se and for energy statistics
pertaining to the environment.

2. The general character, purposes and possible uses of a system of environmental
statistics has been discussed extensively, both at meetings and seminars§7 and in
previous documents.:t/ Hence, only a brief re-capitulation is provided here.
Statistics on materials/energy balances were proposed as part of a phased programme
of work on environmental statistics to be undertaken over the next few years by the
United Nations Statistical Office and the Conference of Furopean Statisticians,
with support from the United Nations Environment Programme. It is thug conceived
ag a "module” in & larger system of statistics. The structure and content of the
complete system have not, as yet, been fully defined, pending more extensive inter-
zction between the agencies that would ultimately be responsible for defining
classifications and compiling statistics and potential users thereof, both naticnal
and international. In the case of the materials/energy medule, it is felf that
user needs are sufficiently well defined to permit a more detailed level of speci-
fication &t this time.

by Briefly, the primary purpose of a system of environmental statistics (and,
hence, of any module thereof) is to facilitate environmental studies and analysis
with policy implications, particularly by and for Governments and internaticnal
agencieg. Buch studies will, typically, reguire forecasts of the environmental
conseguences of various economic, demographic or technological trends or policies
or, conversely, of the economic and social implications of environmental changes.

4. Obviously, there is already a large amount of accumulated raw data relevant to
some environmental topics but much more is needed in other areas. ZRaw data may be
derived from mamy sources, such as scilentific measurements, questionnaires and
sample surveys, administrative records ete. Many of these data have been, or will
be, prcoessed, compiled and published as special-purpose statiétical series.

;/ Prepared by R,U. Ayres, aclting as consultant to the United Nations.

g/ Official Records of the Fconomic and Social Council, Fifty-eighth Session,
Supplement No. 2, paras. 86-~92.

3/ A meeting on Statistics for Environmental Studies and Policies was held by
the Conference of Furopean Statisticians, Geneva, 19-23 March 1973 ("Report of the
meeting”, CES/AC/L0O/5, 26 March 1973); a Seminar on Environmental Statistics was
held jointly by the Conference of European Statisticians and the Senior Advisors to
ECE Governments on Environmental Problems, Geneva, 15-19 October 1973 ("Conclusions
of the Seminar", CES/Sem. &€/11-Env. Sem 1/11, 27 November 1973).

4/ Conference of Huropean Statisticians, "Statistics for environmental studies
and policies" (CES/AC-N0/2) (Geneva, 13 February 19T§J_and "Steps towards a system
of environmental statistics (CES/Sem 6/2-Env/Sem 1/2) {Geneva, i September 1973).
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5. There are also on-going programmes to develop internationally comparable sta-
tistics on population, urbanizaticn, health, nutrition, education, social variables,
weather and climate, resources, energy, agriculture, trade and so forth.

6. In the context of the existing United Nations programmes, the proposed system
of environmental statistics hag two importent funetions. First, it will provide a
broad framewcrk for co-crdinating and harmonizing a number of concurrent statistical
activities. Secondly, it should provide guidance to both rational and international
statistical officeg in terms of evclving future activities in such a way as to fit
into a coherent over-all schenme.

7. Tt is natural to raise the guestion as to why a broadly ccnceived system of
environmental statistical is really needed. Why not, in other words, build another
get of gpecial statistics encompassing purely environmmental chahges such as ambient
pollution levels and discharges? This question is all the more important, inasmuch
as many statisticians have evidently assumed that environmental statistics, would,
indeed, be limited to this kind of data. The materials/energy balance module, on
the other hand, does not include statistics about the ambilent state of the environ-
ment but does, very clearly, overlap other existing types of special statistics
such as energy and industrial statistics.

8. The answer to this question can be found in the nature of the environment
itgelf--it is all-encompassing by definition--and the requirements imposed by this
attribute of comprehensiveness on the analytical tools needed to study or do re-
search on environmental issues. It is not encugh to consider biological or ecolog-
ical effects in isolation. For purposes of environmental policy evaluation and
assessment, changes in the biosphere or the climate of the earth must be traced
back to social and econcmit activities of man which, in turn, depend upon regource
constraints and technology. It is the causal connexions between these divercse
vhenomena that matter and for which an international system of statistics is needed.
A set of statistics that gimply describes the ultimate physical or bioclogical con-
sequences of the causal chain, without incorporating data on the critical dynamic
mechanisms, would have a very limited value to pelicy makers. I1is value would not
be consopant with the enormous cost of acguiring and processing the necessary data
cn a worldwide basis.i?

9. In short, specilal-purpose statistics are a valuable regource in the context of
short-range environmental problem-solving, but they are seldom adequate for longer-
range analytical studies--a purpose they were after all not designed to serve. For
the latter, it is essential to distinguish observed symptoms or effects (which are
by far the easiest to measure,and, hence, dominate the existing data), from more

i/ The possible scientific value of such data is another question. It must
be pointed out, however, that the kind of data most valuable to scientists is often
of little or no use to statisticians. For instance, marine bioclogists interested
in the movement of toxic substances (say, mercury) through a "food chain® of bio-
logical organisms would like to gather very complete data, covering a large number
of organisms, for a specific lake or bay for which mercury inputs could be monitored
exactly. On the cther hand, environmental policy makers would prefer to collect
time-series or cross-sectional data on the mercury content of all fish sold for
human cohgumption. The design of a suitable monitoring system will be completely
different in the two cases, and the data gathered for one purpose would generally
be of negligible wvalue for the other. It remains-to be seen, however, whether data
gathering projects can in principle be designed to serve scientific anhd envircon-
mental policy purposes simultanecusly.
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fundamental underlying variables or driving forces. While a Thorough explanation
of this distinetion cannot be undertaken here, suffice it to say That the system of
envircnmental statisticg--and materials/energy balances, in particular--will be
degignhed to satisfy the broader needs of governmental agencies for a systems
approach to the analysis of policy choices with respect to environmental implica-
tions of major public projects, technological developments, material substitutions,
fuel sbbstitutions and so forth. These purposes require devélopment of analytical
tools and medels utilizing extensive data on environmental media, resources, pro-

. cessesg, and stocks and flows of materials and energy.

10. An important distinction can be made between statistics that are derived en-
tirely from direct measurements (or survey responses) and statistics that are, in
part, synthesized frcm & combinaticn of direct measurements and physical, biclogical
or economic models. The importance of the distinction can best be explained by an
example. Let us suppose that it is deemed important to develop uniform. statistics
~on the discharge of pollutants into the atmosphere by region. The most straight-
forward approach is to sample the atmosphere in a large number of locations, uti-
lizing spectrophotometres, lasers and all other available instruments, and compile
the resulting measurements. Of course, the practical dlfficulty and expense of the
method dictates that the number of sampling locations and times will be limited, it
being assumed that measurements taken at random times and locations will be typical.é/
An alternative approach would rely on in-depth engineering gtudies, including de-
tailed measurements where necessary, of each industry, starting with the biggest and
most obviocusly polluting ones, to develop a set of characteristic coefficients re-
lating material and energy inputs, production of useful products and production of
-waste products. The ceoafficients can slso be statistically related to scale of
production, age of facility and other variables. {Tn short, a model is built for
each industry). GEstimates of production of pollutants for a region, then, can be
generated from a combination of engineering process data and eccnomic statistics on
industrial production by commodity, process and location. This alternate strategy
is particularly wvital in the envirommental area and will be a key factor in making
basic decisions in the design of the system cf envirommental statistics, and
especially materials/energy balances.

11. The use of partly synthetic statistics and other innovations can help to keep
the difficulty and cost of developing the module within reasonable limits, but, -
a8 will be seen, - its ultimate scope is nevertheless quite large. This naturally
raises three related questions. First, is it a practical goal to implement such a
large system? BSecondly, are there ways of implementing it in stages, starting with
comparatively small parts of the full system, so as to establish procedures and
work out difficulties before a full-scale commitment is made? Thirdly, would a

modest par{ of the complete system have signhificant wvalue in itself, independent of
the rest?

12. It is clear that if the answer to even one of these questions were negative,
the probability of success would be slight. Chapter VII argues for affirmative
answers to all three questions, however, and proposes a specific strategy for imple-
mentation in stages.

é/ This assumption is very likely tc be faulty. TFor obvicus reasons, teams of
techniciang carrying ocut sample surveys are quite likely to prefer working during
ordirary (daylight) business hours., Polluters know this. It is widely rumoured,
therefore, that major polluters save their worst pcllutants for discharge at night,
when visibility 1s bad.
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T. ACTION BY THE COMMISSION

1%. The Statistical Commisgion may wish to comment upon the scope, feasibility and
desirability of the framework described herein, as a basgls for crganizing statistics
on materials end energy balances, in the light of the relaticnship of that frame-
work to the wider body of environmental statistics, on the one hand, and to the
national accounts and balances, on the other hand.

Ir. UsSkE OF MATERIALS/ENERGY BATANCES IN SIMULATION AND OPTIMIZATION MODELS

1L. Probably the major application of statistics on materials/energy balances will
be as a basis for constructing large-scale models for environmental forecasting and
mahagement purposes, just as there is a natural application of national accounting
data to the development of input-output economic models. Indeed, the module will
facilitate the natural extension of input-output models to incorporate resource
requirements and waste residual outputs and to reflect the fact that the material/
energy inputs and outputs for the eccnomy must always balance.

15. Table 2 of the framework displays the origins and destinations of each individ-
ual commodity (material or energy). But this information can alsc be expressed in
the Torm of a commodity inpub-output table showing the relationships between all
materials and forms of energy simultaneously.

16. A table of this kind can be used as an adjunct to a conventional (monetary)
input-output table, or it can be used independently in an exactly analogous manher,
(Indeed, the basic equations are identical). Thus, if a certain set of "final"
material commodities is required, the matrix will immediately tell us the correspon-
ding total quantity of each material or form cf energy - lncluding all raw materials
and intermedistes - that must be produced, based cn current technology production.
When the matrix is inverted, we can also discover the amount of each material or
form of energy that is embodied both directly and indirectly in a unit guantity of
any specified final material.

7. Thus, the inverse commodity matrix will tell us exactly how much energy, by
type, 1s consumed both directly and indirectly in producing a given final product
commodity -~ whether it be a loaf of bread or an automobile. Hence, the materials/
energy input-output matrix will greatly facilitate answering questions that have
sometimes proved vexatious in the past. For example, there has been controversy as
to whether or not a hypothetical new technolcgy such as solar cells for direct con-
version of solar energy into electricity or direct micrcbiclogical conversion of
petroleum into protein (by-passing conventional agriculture) would actually con-
gerve more energy than it ccnsumes. These guestions can easily be settled by com-
puting the direct and indirect energy required to produce the solar cells and sup-
porting equipment, or the synthetic protein, respectively. These figures can be
compared to the expected lifetime electricity output of the solar cells, on the one
hand, or direct and indirect energy input to animal prctein produced by conventiopal
agriculture, on the other hand.

18, Optimization models may be expected to come into increasing use for purposes
of environmental management. Selections must be made among alternative investment
and abatement strategies, processes and/or manufacturing technelogies, sources of
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raw materials, lccations of productive facilities, planting patterns for crops,
product mix patterns for refineries and so forth. Models used for dealing with
gquestions of this sort are typically of the "activity analysis' type, with optimiza-
tion algorithms based on linear programming., Nen-linear programming, rank-order
enumeration and cother metheds can also be applied. ‘

19. The formal uses of materials/energy balances in constructing and implementing
envirocnmental assessment and/or forecasting mcdels of various types will be discussed
telow. However, it may be useful to review a typilcal situation where statistice on
materials/energy balances or their equivalent would be helpful to policy-level
planners. There have been a number of instances in recent decades where a particu-
lar pollutant was suddenly discovered to be potentially dangerous for some reason.
Examples incilude the following:

(a) In 1959 mercury poisoning was tentatively identified as the cause of
"Minimata disease', so-called because of a large-gcale outbreak near the village of
Minimata, Japah, beginning in 1953. Research in the last decade has shown that
matallic mercury discharged in industrial weastes is converted by bacterial action:
to organic methyl mercury which is water soluble and 1s incorporated into the
marine food chain, where it is gradually accumulated and concentrated in the bodies
of fish or other higher organisms that are eventually consumed by humans. When this
phenomencn was discovered it became apparent that mercury, in any form whatever, is
environmentally dangerous. ‘

{b) Alsc in Japan, a ney disease called "Itai-Itai" {the aching disease)
appeared starting about 1910 in the villages of the Jinzu River basin down-stream
from a copper mine. The cause of the disease was traced eventually to cadmium, dis-
charged with the mine waste. Like mercury, it is apparent that cadmium in the en-
vironment is exceedingly toxic and dangerous, regardless of clrcumstances.

(¢) Rachel Carson's landmark bock, Silent Springl/ identified DDT {endrin,
dieldrin and some other chlorinated hydrocarbons) as environmentally hazardous due
to its long residence time in soil and natural organisms. Like methyl mercury, IDT
passes through the food chain and is concentrated by organisms at the higher trophic
levels, such as fish-eating birds and insectivores. It can also cause harm directly
tc humans. For these and other reasons DDT, endrin and dieldrin have been banned in
tre United States of America. The long-term prognosis is not clear at this point.

(d) Evidence has been found that chlorinated biphenyls--another type of per-
sistent chlorinated hydrocarbon were building up in the oceans of the world. It
wag suggested that this might interfere with the growth of phytoplankton, the pri-
mary photosynthetic orgasnisms upon which the entire marine food chain depends--and
which also constitutes an important link in the oxygen cycle of the world.

(e) Some evidence has come to 1light that inert and long-lived chlorine-
bearing fluorccarbons, used as propellants for aerosol products may be accumulating
in the gtratosphere where the chlorine may combine with czmone, thus depleting the
"ozone layer”. This would allow mere intense ultra-violet radiaticn to reach the
surface of the earth, thus pofentially increasing the incidence of skin cancer.

7/ New York, Fawcett Worid, 1962.
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‘(f) Another organic chlorine chemical, vinyl chloride, has been found to be
highly carcinogenic. This chemlcal 1s exclusively used to manufacture the ubiquitocus
plagtic polyvinyl chloride (which is perfectly'safe) However, during the manufac-
turing process some of the vinyl chloride monomer may escape into the environment.
Workers, in particular, have some chance of exposure to it. Also, there is a possi-
bility that a small quantlty of unreacted vinyl chloride may be incodrporated in the
finished plastic product where users might be exposed to it.

(g) Carbon dioxide in the earth's atmosphere tends to absorb infra-red radia-
tion from the earth and re-radiate it isotropically, thus acting as & reflector.
This is called the "greenhouse eifect”, since it tends to warm the surface of the
earth by preventing heat from escaping. Combustion of fossil fuels produces carbon
dioxide and may increase the average concentration in the atmosphere, thus tending
to raise the average temperature of the surface of the earth. On the other hand,
combustion proguces small particles, especially in the range of diameters less than
one micron (10° metre or 10 mm) which reflect wisible light very effectively. An
accumulation of particulates in the stratosphere could, thus, lead to a cooling
trend. It is not yet kunown which of these phenomena is likely to be predomlnant
and the owver-all climatic conseguences of similtaneously injecting both carbon
dicxide and small particulates into the atmosphere via combustion and other processes
is a matter of fierce dispute among the experts.

20. It is evident that, in all such cases, discovery of z potential problem asso-
ciated with a particular waste residual naturally leads to questions about the over-
d4ll guantity of the residual, its geographical distribution, and the processes or
industries with which it is associated. This type of information is far from easy
to find, in general. One can say that carbon dioxide results from combustion cof
fossil fuels and estimate that approximately all fossil fuels produced in a year are
slsc consumed in combustion processus. Similarly, all DBT that is produced is pre-
sumably dispersed into the environment in one way or.another, though the geographical
pattern of use is not so easy to fix., But what about the other caseas?

21. Mercury is used in a variety of products, including fungicides, pharmaceuticals,
. thermometers, mirrors, mercury vapour lamps and dental alloys. It is also used as

e catalyst in a process for the manufacture of chlorine and acetic anhydride -
probably the major source of leakage into the environment., Cadmivm is a by-product
of zinc and is often found in zinc or coppdr mine or smelter wastes. It is also
nsed as a plating material, in hatteries, as a plgment and as a plasticizer - among
other uges. Some of these uses may lead to environmental problems while others will
not. How can we estimate the current gquantities and locations, and the likely future
changes in use and waste-flows?

22. Polychlorinated biphenyls are mainly uged as high-temperature coolants for
electrical transformers and similar devices. Chlorinated flucrocarbons are used as
inert aerosol propellants as already noted--and also as refrigerants Tor household
refrigerators and air-conditioners. Again, how can we estimate present production
and usage patterns and project future changes?

2%, Statistics on materials/energy balances are specifically designed to deal with
guesticns like these.
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! IIT. TESIGN CRITERTA AND PROBIEMS

o, The importance of desighing the system of environmental statisbics and its
various parts, such as materials/energy balances, to be compatible with the exiscing
System of National Accounts (SNA) has been repeatedly stressed. Clearly, the same
underlying structure and definitions should be used. Even if one system requires
more disaggregation than the other, categories should be consistent with each other
as far as possible, Thus SNA definitions and categories will be used unless there
is a specific reason not to do so. Any deviation must be explained and justified.
Similarly, the framework should be designed to cc-ordinate a wide range of existing
types of gpecial statistics on energy, rescurces, industrial production ete.

25. The primary purpcse of materials/energy balances is to trace the extractions
and transformations of materials and energy from natural resources through various
succegsive stages of processing to final use; and thence back tec the environment as
waste (or to seccndary uses). The statistics must, therefore, deal explicitly with
transformations from one form,(or category) to another. This introduces a number
of difficulties and creates risks of undercounting or overcounting. For ihstance,
coal 1s used to generate electricity, another form of energy. Clearly, electricity
generated from coal-fired bellers cannhot be treated as an item in the accounts
equivalent to coal itself, even though some users might consider them mutually sub-
stitutable. From the statistical viewpoint, processed forms of materials or energy
should be kept separabe from raw forms. Moreover, each stage of processing must be
cecnceptually distinguished. . o

26. Another difficulty is posed by the interconvertibility of fuels and materials
for other purposes. Natural gas, ©il, coal and wood can be burned for heat. Or
coal can be converted to coke which is used to reduce iron ore. The chemical energy
value contained in the coke is partly wasted in the form of heat and by-products
such as carbon dioxide and partly embodied in the product (pig iron). If the pure
ircn were oxidized (i.e., burned), it would revert to the chemical form of the ore
@é205 or Fe50h). Thus reducticon is, energetically, the reverse of oxidation.

27. An example which is currently quantitatively insignificant but may be important
in the future is the use of refined metals such as lead, zinc and nickel as battery
anodes. (In the future lithium, sodium or magnesium may be widely used in this
application). As the battery is discharged, the metal in the anode reacts with
oxygen or scme other element, resulting in a lower available energy content. The
process may be reversed by recharging the battery using an external electrical
supply. A satisfactory statigtical system must be capable of disentangling these
energy conversion processes,

28, Another troublesome case arises when natural gas, together with atmospheric
air, are converted intc ammonia. The hydrogen in the ammonia comes originally from
the methane in the gas. Thus, the gas 13, in effect, a feedstock for a non-fuel
chemical product.  (Of course, the ammonia has energy content and could actually

be used as a fuel). WNatural gas is also the main source of ethane and propane,
which are in turn converted to ethylene and propylene, basic building blocks of
organic chemistry leading to synthetic fibres, plastics and so forth., In the same
way bultane, benrene, toluene and xylene are generally obtailned from cracking crude
oil or, less frequently, from coal tar. Thege are used, in turn, to manufacture -
butylene, butadiene, styrene and a host of other synthetic elastomers and reolymers.
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29. Obviously, some materials that are manufactured from potential primary fuels
later become avallable again as secondary fuels. This applies especially Lo organic
meterials such as paper and paperboard. Similarly, secondary flows of non-fuel
materials must be considered. A satisfactory gstatistical system should explicitly
reflect these factors. o o

30. It is important to note, 'also, that many processed materials can be derived
from alternative - sometimes very diverse - sources. Acetic acid and methyl alcohol
can be obtained commercially from destructive distillation (pyroLySis) of wcod or
from fossil hydrocarbons. Ethyl alccheol for human consumption is derived from dia-
tillation of fermented carbohydrates (grain, potatoes, fruit etc.), whereas indus-
trial alechol is produced - much more cheaply - from natural gas liguids. Benzene and
toluene are industrially produced from coal tar aor from petroleum. Sodium carbonate
(soda ash) is currently obtained mainly from natural depcsits (trona), whereas it -
was formerly synthesized by the Solvay process from sodium chloride (rock salt) and
limestone. The reverse iz true of zluminium fluoride (cryolite), used in large
quantities in the aluminium industry, which was formerly obtained from a natural
deposit in Greenland but will, in the future, be manufactured synthetically (unless
its uge is cbviated by a process change).

31, Many industrial chemicals which are now produced directly from raw materials
will be derived largely or entirely from waste products in the future. The most
obvicus example i1s sulphuric acid, which is currently manufactured from elemental
sulphur but will eventually be a by-prcduct of coal or oil desulphurization or
‘stock-gas treatment. Fxamples are not confined to the chemical and metallurgical
industries. For instance, plaster of Paris - used in the building indugbry -is cur-
rently manufactured from the natural mineral gypsum, but will probably be available
as a by-product cf future stack-gas treatment processes. Future insulation, paving
materials and other constructicn materials will undoubtedly be derived increasingly
from recycled wastes. And already many food products and additives are being
derived from non-agricultural sources. This is notably true of synthetic beverages
and sweeteners, but animal feedstuffs and even synthetic proteins mey be manufactured
from fossil hydrocarbons in significant quantities before the end of this century.

32. An important conseguence of the foregolng, from the standpoint of designing a
set of tables, is that groupings that might seem "natural today may not be so a
few years hence. In particular, it cannct be assumed that a given processed mate-
rial always comes from the same raw material or that a given raw material or ore
will always be refined intc the same final product. Thus, while it is sometimes
useful to distinguish raw (unprocessed) materials from processed meterials, this
cannot be done meeningfully within a more narrowly defined category such as "agri-
cultural products”, "fuels", or "chemical products”.

33. The interconversion of materials and forms of energy raises a potentially
troublesome set of problems pertaining to units of aceount. Various inputs to a
physical or chemical conversion process may be traditionally measured in different
units; similarly, inputs and outputs mey %e measured in different units. For in-
stance, coal entering a generating plant is normally measured in mass (tonnage)
units while electricity cutput is measured in kwh. The eguivalence factor between
tons of coal and kwh of electricity is not a natural constant: it depends on the
gquality of the coal and the efficiency of the generating plant and varies over time.
(The "energy balance™ between outputs also involves different units--BTU and kwh).



R/CH.3 /o2
Inglish
Page 11

2Ly, Another example arises in the case of petroleum refineries where simultaneocus
materials and energy balances are needed. The input crude oil is measured in
physical volume (usually in barrels) which is characterized by a certain average
heat energy content (BTU/bbl). The cutputs are also measured in volume terms, but
the energy per unit volume of various refinery fractions (gasoline, naphtha, fuel
0il, resgidual 0il) varies quite considerably due to differences in specific gravity.
Thus, the total volume of outputs need not be exactly equal to the volume of inputs,
but the sum of weights and energies should, of course, balance when logses are con-
sidered._,The gpecific gravity of input crude oil will vary from one country to
another;—/ similarly, the specificationg (including specific gravity) of outputs
will also vary. Thus a set of supplementary weight/volume/energy equivalences must
be supplied for each conversion process and for each ccocuntry. Many cf the indicated
eguivalence tables will, of course, be reguired for international energy statistics.

35. It is important to bear in mind that materials/energy balances will not be
useful for cataloguing all actual or potential pollutants. They are necessarily
concerned with volume pollutants, such as organic wastes or combustion products, plus
specific major chemicals and metals. However, some pollutants are not subject to
congservation rules. These include noise - (a non-conserved form of waste energyﬁ,—
visual pollution and litter, carcincgenic, mutagenic, teratogenic or toxic organic
chemicals and radio-active wastes. These can only be dealt with by linking the
materials/energy balances to supplementary tabulations, such as the proposed Inter-
national Reglstry of Toxic Chemicals.—/

36, Logically, materials/energy balances could include the "stocks and flows' of
some elements such as carbon, nitrogen, phosphorous (and energy) ih major environ-
mental reservoirs, such as the atmosphere, soll, forests, surface waters and oceans.
At present, this must be regarded as an objective for the distant future, since it

is not practically feasible to quantify most of the flows at present. IFrom an
environmental point of view, this gap is a major challenge that must be filled, in
the first instance, by design of appropriate envirommental monltoring systems, such
as the Global Envircnmental Monitoring System (GEMS) currently being developed by the
United Nations Environment Programme.

37. Similarly, ecological and health effects assoclated with pollution cannot now
be incorporated into materials/energy balances. BSuch statistics are currently com-
piled to a minor extent by naticnal agencies, Food and Agriculture Organization and
World Heglth Organization., Similarly existing industrial and resource statistics
must also be co-ordinated. Links can be provided by developing supplementary tables
to reconcile relevant definitions and categories. At some future time, it would be
degirable for the gystem of envirommental statistics to incocrporate these external
data on a uniform and consistent basis.

8/ 1In tropical countries, crude is often "spiked" by addition of naphtha to
increase the output of light fractions, since heavy fuel fractions (used for heating)
are less required.

2/ See "The International Register of Potentially Toxic Chemicals - compcnents
and network", Report of the United Nations Environment Programme Workshop, 20
Janvary 1975, UNEP/WG.1/4/Rev.l. The linkage would be essentially automatic as long
as both systems use the same or related classifications.
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Iv. STRUCTURE OF STATISTICS ON MATERIALS/ENERGY BATANCES

38. The underlying design principle for the proposed statistics on materials/
energy balahces 1s conservation of materials and energy: all material and encrgy
inputs to the world economic system, as well as to individual countries, must be
accounted for either as final outputs or as changes in accumulated stocks, including
durable goods in service as well as inventories. Two "balanhce concepts are used:

8 gross (volume) balance is applied in the case of production, consumption and trade
of major resources and commodities. A more refined materials and energy balahce,

by process, is also applied to elucidate the relation between resource/oommodity
production and consumpticn and the generation of waste flows.

39. Some of the categories used are standard ones from national accounts statistics,
namely, domestic output, imports, exports, domestic consumption and sectoral classi-
fications of economic activity. There are two significant additions: (a) physical
stocks and flows, including commodities and wastes; and (b) explicit materials/
energy transformations, that is, processes.

40, The terms "stock” and "flow" are used above in a general and scmewhat undefined
sense. Definitions of these terms, as specifically used in the present document,
will be given below. Distinctions must be made between stocks that are physically
distinguishable natural reserveirs, such as ground water or oceans, and stocks that
are essentially accounting categories, differentiated by ownership, production pro-
cess ete. Similarly, flows may be additions to or subtractions from the guantity
of a physical resource contained in a given natural reservoir; they may be trans-
formations from one physical form to another; or they may represent shifts from one
accounting category to ancother. ’

41, A1l changes of stocks are equivalent to flows, and this accounting identity is
essential in constructing & statistical system. It follows, too, that changes in

a stock can either be determined by direct enumeration and/or direct measgurement,

or they can be inferred by measuring and summing the corresponding input and output
flows. Where both possibilities are feasible, one provides a useful check on the
other. Sometimes only one of the two approaches is feasible, however, and it is not
necessary to specify which approach is to be used in any given case.

42, Because of the interconnectedness of materials/energy stocks and flows, it is
natural to employ & schematic matrix form of presentation. This format emphagizes
the structural linkages with SNA; it also facilitates understanding of the differ-
ences between the two systems. The structure of the proposed framework is displayed
graphically in figure I and in matrix form in the Annex. (Explanatory notes ahd
list of symbols and accounting identities in the system are also included in the
Annex). It will be noted that balances can be defined at two different levels of
aggregation. In the first place, all material and energy input and output flows to
8 given category or interacticon box in figure I must exactly be accounted for by
depletion cor accumulation of some stock. This must hold not only for gross quanti-
ties (measured in mass or weight, for instance) but alsc for specific chemical
elements. Tor instance, all phosphorus consumed by a sector must be compensated

for exactly by the phosphorus content of production or of accumulation. By exten-
sion, of course, the same kinds of balances musgt also hold for groups of sectors,

or for the economy as a whole. Thus, all sulphur that is extracted from the earth
each year, either directly as sulphur or as a contaminant of petroleum or coal, must
either accumulate in some regervoir or stock of durables, or it must become a
corregponding flow of waste residuals.
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4%, The stock/flow data reqguired to complete the scheme outlined above can be dis-
played conveniently in four mejor tabulations. Table 1 displays aggregated data on
production, consumption and stocks of resgources at all stages of processing, begin-
ning with natural resources and unprocesged commoditles and proceeding through all
intermediate formg to finished materials and clagsifiable products. Fuels and
forms of energy are also included.

44, It is certainly possible, in principle, to subdivide table 1 into several
parts, as has been advocated. For instance, natural resources (not extracted), raw
materials, and fuel {as extracted), and processed materials and processed forms of
energy could be separated into separate tables for convenience. BSimilarly, natural
regourceg could be subdivided intc renewable and non-renewable categories with
separate tables for each., Thesge subdivisions may ultimately be done for convenience,
since the combined table will obviocusly be very large. However, any separations
alsc necessarily introduce some degree of arbitrariness. Is forage or pasture har-
vested by animals to be regarded as "extracted"” or not? Are ground water or top
gsoll "renewable” or not? To avoid fruitless controversy over such gquestions, it
geeps advisable tc avold unnecessary boundaries. :

45. The purpose of table 1 is to display gross accounting balances for each major
natural resource or ccmmodity in large-scale productlion. In the case of renewable
natural resources, such tables would provide a basic management tool, e.g., for
adjusting extraction rates to maximize output without depleting the resource. In
the case of non-renewable resources, the current extraction rate would typically
be measured against the rate of upward revaluation of stocks due to exploratory
activity or improvements of extraction techneclogy. Limitationa on current produc-
tion of rescurces and on its rate of expansion constitute an lmportant input to
resource/environmental management and economic forecasting models.

46. Commodity data are included in the same basic tabulation because they provide
the necegsary link between final demand for goods and services and calls on basic
resources. Apgain, these data would primarily be utilized in resource/environmental
management and forecasting models.

4T, The resource/commodity balance data in table 1 will generally be derived
annually from current government statistics on agriculturs, fisheries, forestry,
mining, manufacturing and trade. Departments of parks, tourism and urban affairs
will alsoc provide some data., While these standard statistical sources are not
necessarily of high quality, the over-all figures thus derived will nevertheless
constitute a useful means of updating and projecting the more detailed materials/
energy balance-by-procegs data in table 2, discussed below. Table 1 would include
production, consumption, import, and export figures for such materials ag DDT,
chlorinated biphenyls, fluorocarbons, polyvinyl chloride, mercury and cadmium, thus
providing baslic data to deal with guesticns of the type discussed above.

L3. Table 2 is an elaboration of table 1, providing breakdowns on material/energy
gource by extraction or production process, subsequent conversion {if any) by pro-

cess, utilization as such, by sector and incorporation into various durable goods,
by category.
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Table 1. Resource/commodity accounts
Country/year
ResOurce/ Re;ourie Be;purce Re;purce
Account commedity O G 2 ©. 3
name Hectares x 107 W Bbl

Opening stock not yet
extracted

Stockpile held for
strategic reserve

Withdrawals from (additions
to) strategic reserve

Domestic production (total)

Exports

Imports

Domestic consumption (total)

Domestic use for conversion
to other commedities

Domestic utilization in
uncenverted form

Additions to, or revaluations
of opening stock

Clesing stock
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Table 2. Conversion/disposition acccunts
i Resour?e/ Rescurce No. 1
Accounts commodity (un'ts)
(name, unit) +
Production Process Process Process Process Process Uther
) process
process name 1 2 3 4L 5
Sources, n-2.8-
by major Process
production type, code
Trocess
Quantity
produced
Conversion Process | Process Procegs Process | Process Othgr
process name 1 2 3 I 5 process
Disposition HeC.C.
by major Process
conversion type, code
processes
Guantity
convertaed
Commodity Commodity(Commedity |Commedity |Commodity | Commodity Other
Disposition |P2%€ 1 2 3 b 5 commodity
by X
incorporaticn Commod ity
. . code
in major
commodities Guantity
accounted
for
. Govern-
(- . Sector Agri- , Manuj Construc- Transport |ment and {Household
Utilization culture |facturing| tion T
services
by sector
g for
(final form) Quantity
- 5 : -
o x . Machinery | Producer ReS}den Personal |Household Other
Utilization Category and gtrue- tial . ) .
. . vehicles |appliance| private
by category eguipment| tures housing
of durables
(final form) |GQuantity
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49. The purpcse of table 2 is to display moderately detailed relationships between
inputs and ocutputs of materials and energy, including wastes, at the successive
stages of production and transformaticn of natural resources into commodities and
subseqguently intc final goods and services. The data will ultimately provide a
basgis for projecting detailed resource and energy requirements and gross residuals
generation prior tc abatement processes, consegquent to changes in the technolcgical
level of industry or the pattern of govermment regulaticn. It also permits, in
principle, the development of linear-programming or related mecdels to facilitate

the optimal choice of industrial development strategy and pollution abatement
strategy in terms of resource and conservation and environmental protection criteria.

50. Statistical data for table 2 are not completely available currently in most
countries, and would have to be gathered especially, through such sources as a
census of manufactures. This is unlikely to be carried ocut on an annual basgis in
the foreseeable future and would, in any case, involve significant delays for data
processing and checking. Thus, table 2 will normally be compiled several years
later than table 1; it will be several years out of data when published - and will
be prepared at less frequent intervals. It will constitute a "benchmark"™ in the
same sense as the input-output tables now prepared at intervals by several Govern-
ments. Table 2 would include information on key industrial processes. For example,
it would show the amount of chlorine that is produced by means of the so-called
"mercury-cell™ method of electrolysis (as opposed to the "diaphragm cell"). It is
only the forrer which leads toc loss of mercury to the enviromment. It would also
show the amount of cadmium that is used for plasticimers, which might ultimately
egcape to the environment via incineration of combustible solid wastes.

51. The connexion between tables 1 and 2 is not completely defined without a set of
supplexentary tableg displayirg the eguivalences betweern weight, volume, heat and elec-
tricel erergy'units for inputs and cubtputs of each conversion process. Tiypical equiva-
lence relaticnships that must be specified include: density (mass/volume), energy
content (BTU/kg or BTU/litre) and generating efficiency (kwh/BTU), &g noted pre-
viously, these eguivalences vary from year to year and from country to country.

52. Table 3 is concerned with production, consumption (depreciation) and stocks of
durable goods, by category. A supplementary table must also be developed, indicating
typical or average materials cohntent cof the various categories of durables.

53+ The purpose of table 3 is mainly to develop a record of stocks of durables in
use, from which inferences can be drawh with regard to future wastes to be disposed
of and materials potentially available for recycling, particularly metals. A gross
accounting type of balance is likely to be adeguabe. DMost of the data, except on
depreciaticn and scrappage, are already available from conventional sources. Data
on depreciation and scrappage of durables will require some extension of currently
available data from such sources as censuse of households and of manufactures.

54. The table would also be useful in the event that some material already in
widespread use was found to be potentially harmful (as, for instance, lead pipe or
lead-based paint). Many household appliances or machines contain component elements
that may cause environmental hazards when the equipment is eventually discarded,
especially if it is incinerated. Examples include Tluorocarbon refrigerants, high-
temperature coolants, mercury-vapour lamps. and mercury-switches. The rapidly
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Table 3. Accumulaticn accounts
Type of durable
Accounts Measure MaCZigery Producer |Residential [Personal{Household Other
.n gtructures housing |vehicles|appliances
gguipment
Value ($)
Cpening stock
Units W
Domestic Value .
production Units
Value
Exports
Units
Value
Tmports
Units
Domestic. Value
consumption
(addition to .
stock) Units
Domesgtic Value
scrappage
(depreciation .
of stock) Units
Revaluation Value
of opening
stock Units
Value

Cloging stock

Units
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gpreading use of synthetic fabrics and plastics for household furnishings and even
structural components, combined with an encrmous number of different plasticizers,
stabilizers, fire retardants, colouring agents, water repellants and so forth,
raises strong possibilities that currently unsuspected risks will come to light
from time to time. When this oceursg, statistical data on the distribution and use
of the dangerous substances will cbviously be needed.

55, Table 4 is concerned with generation and disposition of waste maberials and
forms of energy, by type. It lists categories of waste and tabulates sources by
production process, by type of end-uge, by sector etc. Wastes generated by depre-
ciation of durable goodg are also tabulated by category of durable.

56. Table 4 is, in certain respects, the heart of the materials/energy balances,
gince it is the link between economic activity and the production and disposition

of waste residuals which peollute the enviromment. The statistics will be used,
primarily, in forecasting the environmental consequences of economic growth and
development, in designing governmental programmes to improve the state of the environ-
ment or to minimize the adverse envirconmental impasct of development projects. Ibx-
plicit links are thus provided to specific rescurce extraction and commodity manu-
facturing procesgses and to various types of consumption. Waste residuals are also
linked to aggregate sectors. Waste flows are identified as to envircnmental media.

57. The basic source of these statistics will be some combination of engineering
studies (e.g., of a “typical™ plant exemplifying a given extraction or production
process) and of survey or monitoring data compiled by respensible monitoring and
regulatory agencles. These data are not currently available in adeguate detail in
most countries, and much attention will have to be given to the problem of designing
appropriate methods of measurement and aggregation.

58. Table 4 could include such data as the rate of loss of mercury to the environ-
ment from the mercury-cell chlorine menufacturing process, or the cadmium content

of wastes from zinc mining and/or smelting. It would also, in principle, show
mercury and cadmium regiduals resulting from the incineration of paper impregnated
with mercury-based fungicides or plastic products containing cadmium-based plastici-
zer. For IDT, polychlorinated biphenyls and fluorocarbonsg, it would show waste
flows resulting directly from "final" use of these materials.

59. 1t is important to point out that, while the data in table 4 should be fully
consistent in a materials/energy balance sense with data in tables l, 2 and 3, as

a generzl rule they would be derived independently from measurements of discharges
or ambient environmental pollutant concentrations. Discrepancies wculd normzlly
occur in fthe process of constructing the tables - as now happens in bulliding input-
output tables - and their resclution should help to strengthen the data base as com-
pared to what it would be if based only on production and/or consumption data.
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Table L, Waste residual accounts
Type
Accounts of waste Waste No. 1
(name, units) (units)
Othex
Production Process Process Process| Process Procesas ) et
procegs name 1 2 3 L 5 process
Waste source n.e.c
by majox Process
materials tvoe. code
production/ JPEs |
conversion Soil
a Wagte ;
process= . Ajr
quantity Wator
generated 6ZEEE
Conir- Utility Other Govern- | Persénal Other
Waste Sector t”01a & gerviceg |commerce ment trangport! house-
generated by ranspor hold
disposition . Soil
services and guantlty Air
consumption_/ v . Water
medium m
Sector Agri-- Manu- Construc-—Tr;}nn ort Gozerna House-
culture |facturing tion ansp men 'an hold
Waagte services
generated by Quantity S?ll
gsector Y Alr
(total) I Water
medium Ocean
Machinery | : -
’ JFroducer Res%den Pergonal |Household| Other
Type and struc- tial chicle Liance |orivat
Waste equipment| tures |housing | o C~SF |aPplLance pravabe
genera@eq-by Quantity 8911
depreciation b Air
of durables y . Water
medium Ocean
g/ Including alrborne wastes from incineration of municipal or industrial

gsolid wastes.

p/ Not including solid wastes that are subsequently incinerated (to avoid
double counting).
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V. DEFINITTIONS CFF NATURAL RESOURCES, COMMODITIES AND WASTES

60, The distinction often made between renewable and non-renewable resources has
already been mentioned. Tn brief, the renewable resources are primarily sunlight,
alr, water and chemical substances, such as carbohydrates and proteins, which are
major consgtituents of biological systems. These are extensively transported and
converted from cne form te another via natural, meteorological, biological and geo-
1oglcal processeg or are extracted by man from natural cycllc systems. Hydrogen/
water, oxygen, carbon/carbon dlodee,lg alkall metals (sodium, E tessium and
caleium) and nitrogen are chief constituents of such materlals.__? Becauge of the
existence of natural cycles, supplies of all of these elements are essentially in-
finitely renewable. [Elements such as silicon, sulphur and chlorine are also present
in such large amounts in the earth’s crust, relative to their incorporsticn in
living systems, that their possible natural cycles are of somewhat less interest.
Land is cften regarded as a renewable rescurce because 1t too is, in theory, indef-
initely reusable, l.e., it is not "used up" by conservative cultivation practices.
Obvicusly, this statement does not apply to specific nutrients in soil, which can
be and are used up by some types of agriculture and must be sgeparately replaced.
Alsc, it is evident that some agricultural practices result in irreversible erosion
losses of the top soill itself; this should be dealt with by means of supplementary
tables.

61. Some elements of the major natural cycles (land, air, water, living systems)
are accounted for and distinguished. Thus, 1f ground water is one source of water
for irrigation in a country, the table should include an estimate of the current
stock of the undergrcund reservolr available for pumping. It i1s not necessary to
try to estimate the total guantity of ground water available in the country. In
the case of tree crops, such as citrus fruits, apples, plums, peaches, nuts, clives,
coconuts, coffee, cocoa, natural rubker, and in the case of other perennial produ-.
cers, such as grape vines or alfalfa, the stock in guestion may be measured by the
number of producing trees or the area of land planted. 1In the case of dairy
products, the stcock {number) of producing cows is cf considerable interest, espe-
cially when significant expansion in the producing stock takes several years. One
important use of the statistical system should be to record significant trends,

guch as the substitution of anmial crops, for example, soybeans, for perennial crops
in certain countries.

62. The total stock of any renewable resource is fixed by nature, but the amount
in any given form or location can vary from time to time and may be affected by the
actions of man. The "flows" are transfers from one form, location or category to
another. In most instances, the total stock of a renewable resource in its natural
state is actually irrelevant {and may be unknown, except to a crude first approxima.-
tion); because what ccunts 1s the amount available in certain forms, locations or
times. This is generally a function of the rate of flow rather than the size of
the total resgervoir.

lg/ Hydrogen is biologically derived from water and vice versa; similarly
carbon and cxygen are biclogically interconvertible. Oxygen is, of course, involved
in both cases.

ll/ Phosphorus, the other egsential ingredient of biological materials, Is not
zyeled exceph ona’seological time-scale. This giveg rise to special interest in phosphorus
as a potential bottleneck of life on earth.
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63. It is clear, for example, that most of the water on earth is in the deep
oceans, but equally clear that what really counts for human purposes is the amount
of surface run-off and the stored surface fresh water which cah be diverted to
agricultural, industrial or municipal use before being returned. Most of the
earth's carbon is in carbon dioxide dissclved in the ocean or in carbonaceous rocks,
such as limestone, whereas only the free carbon dicxide in the atmosplere is avail-
able to plants. Similarly, most of the earth’'s oxygen is tied up with hydrogen in
water or as oxides, but cnly the free oxygen in the atmosphere is available to
tanimalg. Finally, the free atmospheric nitrogen is not available to plants or ani-
mals; not until it is "fixed" as water soluble nitrates (by specialized bacteria)
can it be taken up and utilized by biclogical organisms.

64, Renewable resources Lo be accounted for specifically in tables 1 and 2 include
the following:

Water (volume)

Fresh, surface; underground; ice/snow (water equivalent); saline {land-locked).

Laend {area)

Cultivated; fallow, grazed; grazing only; forest, harvested; forest, unharvested;
desert; tundra; urbanized; parks, urban; parks, nalural area; transition zone, salt
marsh; transition zone, dune; transition zone, up-stream valley; transition zone,
alpine meadow; ocean beach, protected: lake/riverside, protected.

Figsheries (annual production, by weight)

Balmon; tuna; sardines; cod; flounder; sole; cysters; clams.

Orchards and plantations (annual;production, volume or weight)

Grape vines (volume); tree fruit, by type (weight); nuts, by type (weight);
olives, coffee, cacac eltc.; pulpwood (weight); softwood (volume); hardwood (volume).

Livestock by type (producing units)

Cattle; sheep; goets; hogs; horses, mules; water buffalc; oxen.

Aggimilative capacity of water (for organic waste)

Agsimilative capacity of air for particulates and gaseous wastes

OCxidesg of sulphur; coxides of nitrogen; carbon monoxide.

Assimilative capacity of soil for organic wastes {(such as sewase sludge)

Sunlight, incident cn land per sq km per year
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65. Non-renewable resources are extracted from the earth's crust and not replaced
by natural cyclic processes, exceptl, perhaps, over geological time-scales. Non-
renewable resources to be accounted for specifically in tables 1 and 2 would include
at least the following:

Fogsil fuels

Coal; lignite; natural gas; petroleum; other,

“\“‘.
W

Metals and minerals

Alumium; antimony; arsenic; asbestos; barite; bauxite; beryllium; bismuths
bitumen; borax; brines(B, Li, XK, Cl1, Br, I); cadmium; chromium; clay/kaolin; coal;
cobalt; ceonstruction steone; copper; diatomite; dolomite; evaporites; feldspar;
fluorine; fluorite: gallium; gemstones; gold; granite, bullding stones; graphite;
gypsum; helium; iron; kyanite:; lead; limestone and dolomite; I1ithium, cesium and
rubidium; magnesium; manganese; marble; mercury; mica; molybdenum; nickel; niobium;
01l shale; phosphate rock:; platinum; potash; guartzite; rare-earth elements; rheniumg
salt; sand/gravel; scandium; seleniumj; silica sand; silver; slate; sulphur; talcs
tantalum}; thallium; thoriumj; tin; titaniumj; trona; tungsten; uranium; vanadium;
zeolite; zine; zirconium and hafnium. '

66. Commodities, in this context, are simply processed materials, forms of energy
or products. Any consistent internaticnal classification, such as the International
Standard Classification of A11 CGoods and Services (ICGS) can be used as a basis for
tables 1 and 2, although some elaboration will be needed. A full list of commodi-
ties, cannot be reproduced here, but lists are available in the ICGS, which is
before the Commission (E/CW.3/49%),

67. The main difficulty with most existing international commodity classifications
arises from their use of “basket" categories for chemicals. For the purpcse of
establishing balances, i1t is essential to avoid lumping together different chemicals
(or other major materials) in groups under general headings such as "eyclic inter-
mediates”. Rather, the major tonnage chemicals must be tabulated individually,
lumping 211 others in a not-elsewhere-classified (n.e.c.) category.

68. Categories of waste residuals have not yet been internationally specified, but
the following should probably be included, as a minimum:

Waterborne wastes

BOD;;g/COD;li/ digsolved solids (salts); suspended solids.

Alrborne wastes

Particulates; carbon monoxide; carbon dioxide; hydrocarbons; oxides of nitrogen;
oxides of sulphur. '

: ;g/ Biclogical Oxygen Pemand in water measured at the end of 5 days. This is
a measure of the quantity of bicdegradable crganic material in the waste water.

13/ Chemical Oxygen Demand.
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Solid wastes

Combustible solids; non-combustiblie solids.

Heavy metals

Lead; mercury; cadmium; arsenicj other (chromium, selenium, bismuth, thallium
etc.).

%
Chlerinated hydrocarbons

IDT; fluorocarbons {chiorinated); chlorinated biphenyls.

Thermal waste

Heated waste water > 5° above ambient; water vapour (steam).

Nuclear waste

Plutonium {curies); other high level {curies); other low level (curies).

69. As commented earlier, the System of National Accounts definitions are to be
adhered to as closely as possible., There is no difficulty with using SHA defini-~
tions for domestic preducticn, exports, imports and domestic consumption.

70. The terms requiring more careful definition (stock not yet extracted, stock in
strategic reserve, conversion/utilization ag such, conversion processa, durable
goods, deprecistion, waste) are dealt with below.

T1l. BSBtock not yet extracted. This term applies most obviously to a non-renewable
natural resource such as petroleum or iron ore. However, for consistency, one can
also apply the term to natural accumulations of renewable regources such as uncut
forests, potentially cultivable farm land or stored fresh water (underground or
surface). It does not apply to natural rescurces that cannot be stored at all, such
ag sunlight impinging on the surface of the earth or atmospheric water wvapour.

72. In the case of non-renewable resources (e.g., minerals or fossil fuels), the
obvious definition of "stock' would be the concentrations which can, in principle,
be extracted from the earth's crust. However, this is generally not a fTixed quan-
tity; 1t depends on the state of technology and the effort expended on extraction.
Mcreover, the over-all distribution of mineral ccncentrations is not known. Much
of the partial knowledge that does exist is not available to the public (or Govern-
ments), Hence, more limited concepts, such as "proved" reserves and "inferred"
reserves have come into use.

T%. The proven reserves of minerals or fossil fuels available at a given time
depend directly on the rate of discovery, the rate of extraction and the zssumed
market price of the commodity. The same can also be said for inferred or estimated
reserves. A rise in ccmmodity prices will automatically increase the expected
economic Tecovery from existing mines or wells and vice versa. This change can
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realistically be reflected in annual statistical series provided some reasonable
price convention is specified. Since mineral commodity prices are notoriously un-
stable, and true world market prices are not even defined for a number of commodi-
ties,lﬁ/ it cculd be highly misleading to use spot prices on a given date each year
or in a single location for purposes of estimating recoverable resources. It might,
however, be reasonable Lo use something like an extrapolation of a five-year rolling
average of historical prices taken from a number of locations as a basis for egti-
Qation. Another possibility is to use the prices on the futures market (appropri—
ately averaged, of course) where such & market exists.

Th. Unfortunately, one must recognize a fundamental difficulty in assigning any
consistent interpretation to estimates of proven and/or inferred reserves. Tae
problem is that transfers of known deposits from the latter to the former category
occur at the time specific mine investments are being planned in detail. This, in
turn, occurs as new sources are needed to replace depleted cres. Mining or pesro-
jeum companies have no incentive to carry out detailed surveys of known deposiss
pricr to such time. Hence, in many cases there is e marked tendency for proven
regerves to hover around the level of 20 years supply at current or extrapolated
output, simply because this is the economic lifetime of a typical mine or oil field.

75. An alternative theoretical possibility might be to use inferred reserves.
This figure is less gensitive to the economic parameters of the mining or drilling
business but, on the cther hand, it is intrinsically much more uncertain for two
reasons. First, by definition, the ore bodies or deposits counted in this category
have not been surveyed in deftail; hence, magmitude of yield probably can only be
determined on the basis of previous experilence in the same region or in gimilar
geological strata. Seccondly, much of the underlying data is currently not in the
public domain, being proprietary to the various mining and oil drilling concerns.
In the near future, at least, publicly available figures are likely to be signifi-
cantly incomplete and, therefore, highly unreliable. To be sure, it is widely
recoghized that more and better infermetion in thig area is needed and must ulti-
mately be provided under census-type legislation&i? as a matter of neceggity for
rational public policy meking.

76. Stock in strategic reserve. For purposes of these guidelines the "gtrategic”

stockpile is conceptually distinguished from normal ccommercial inventories of mate-
rials. It can be assumed that commercial users of raw and processed materials keep
the smallest quantities on hand that are consistent with risks of supply interrup-

tion and market fluctuation. These risks do not generally change dramatically from
year to year: hence, commercial inventcries remsin relatively constant,

;&/ This may be due to the prevalence of either long~term bilateral contracts
between producers and consumers or localized gources incapable of sgupplying markets
located far awsy. The latter may, in turn, be a consequence of lack of facilities
for storasge and preservation (e.g., for food products) or intrinsically high trans-
port costs {e.g., sand and gravel).

lﬁ/ Legitimate proprietary interests can be preserved (as in the census of
manufactures for most industrialized countries) by not publishing date for individual
producers or narrowly specified locations. However, useful national aggregates
could be prepared from individual producers' data.
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77. BStrategic stocks, however, are maintained by Governments for both national
security and political reasons. These stocks can and do change dramatically from
one year to the next depending on government policy. BSome stockpiles of critical
materials (such as tungsten, chrome and manganese) have amounted to as much as
gseveral years of normal consumption. If this material is sold off guickly - as hag
happened - it may have a sharp effect on current production and cause large dis-
crepancies between current production and current consumption.

T
T

78. Conversion versus utilization. The distinction here is critical, A resource
or commodity is "converted" if, and only if, it is physically or chemically in-
corporated into another commodity or product. Thus, chemical feedstocks are in-
corporated into synthetic rubber, plastics or Tibres. F[ibres (synthetic or natural)
are incorporated intc woven or knitted fabrics, which are in turn converted into
textile products. Similarly pulpsood is converted into pulp, thence to paper and
Tinally to paper preducts. Metal ores are converted to concentrates, then to crude
pigs or ingots, then to more refined alloys in castings, bars, sheet, fcoil, wire,
tube and finally (after cutting, shaping, machining, welding etc.) to metal products,
structures etc. 'The chemical energy of coal or residual oil is alsc "incorporated"
into a succegsor product by electrical generating plants.

79. It is important to note; however, that many important materials and energy
fuelg are not physically or chemically incorporated infto successor products. On
the contrary, they are used up, and discarded as wastes, at intermediate processing
or manufacturing stages. Thig applies for example, to cleaning agents, lubricants,
coolants, digpersants, bleaches, anti-freezes, fluxes, solvents and numerous cther
items. It is notably true of fuels and electricity used in industry and commerce
(except as noted above, where the fuel energy is simply converted to electricity).
It alsc applies to many products such as maintenance items and capital goods that
are not gold to final demand but used as intermediate inputs in industry. All of
thegse may be said to be used "as such™, in that they are not physically or chemi-
cally incorporated into successcr products.

80. Conversion process. 1In view of the foregoing definition, the meaning of "eon-
version" is probably sufficiently clear. In general, there are a number of differ-
ent, accepted methods of producing a given commodity or product. These may start
from different input materials or they may proceed by different routes. For example,
ethane can be produced either from pebroleum by fractional distillation or from
natural gas by separation. Similarly, ethylene can be produced {rom naphtha, ethane,
propane or from other hydrocarbons by thermal cracking. Again, ethylene dichloride
(EDC) can be manufactured from ethylene by direct chlerination or by oxychlorination.
Similarly, vinyl chlcride monomer can be produced eltker by pyrolysis of EDC or by
direct chlorination of ethane (see figure II). A1l of the above constitute distinct
procesges,

1. On the other hand, differences in scale or in detailed plant design do not con-
stitute different processes - cnly variations on & basic theme. In the basic mate-
rials industries (e.g., chemicals, metals) the number of different conversion pro-
cesgses 1n use is small enough so that there is wide agreement among engineers as to
their specific idenftities and characterization in terms of inputs, outputs, capital
equipment and labour requirements. Obviously, there is scme rocm for disagreement
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Noteg to figure IT

Processes 12, 13, 1t and 16 are pictorially identical to
processes 9, 10, 11 and 15, respectively, except that processes
13 and 14 use oxygen instead of air.

Unit processes participating in bottle marmufacture are:

1. Chlorine via salt electrolysis ~ mercury cell
2. Chlorine wvia salt electrolysis - diaphragm cell
* 3. Chlorine via HC1 oxidation using HNOj (Kel-Chlor)
. Ethylene from ethane pyrolysis
E Ethylene via autothermic cracking
6. Acetylene/ethylene via Wulff process {naphtha feed)
T Acetylene/ethylene from naphtha by partial oxidation
8. Acetylene from methane by partial oxidation
G EDC via ethylene chlorination (vapour)
*¥10, FDC via ethylene oxychlorination (vapour)
11, EDC via ethylene chlorination/oxychlorination (vapour)
¥12.  EDC via ethylene chlorination (liguid)
¥1%,  EDC via ethylene oxychlorination (liguid)
*1h, EDC via ethylene chlorlnat1on/oxychlor1natlon (llquld)
15 VCM from EDC pyrolysis
6. VCHM from EDC pyrolysis with waste treatment
17. VCM from concentrated acetylene

¥18, VCM from ethane oxychlorination (Transcat) - part
waste feed
19. PVC from VCM - bulk process ' .

23, PVC bottle manufacture

*¥Processes not presently in domestic production.

as to exact definitions, but an international group of experts should be able to
arrive at a catisfactory resolution of most difficulties. Mcre serious problems
arise in the industries which fabricate products or structures from finished mate-
rialg. Here the processes are not well-defined because the number and range of
Tfinal products is extremely large and processes can only be defined functionally
(e.g., cutting, drilling, weaving, assembly, painting) rather than in terms of
specific input/output combinations. Thus, in practice, a high degree of aggregatlon
of processes must be accepted in these 1ndustr1es.

82, This would be a sericus drawback but for the fact that fabrication and assembly
operations do not generate large waste Tlows (except for cumbustion prcducts and
scrap, which is largely recycled) and thus do not have gignificant adverse environ-
mental effects. Combustion of fuel in heating plants or stationary engines can be
regarded as distinct and reasonably well-defined processes.

83. Durable goods. The term "durable” is used here in essentially the same way as
it 1s used in national accounts. The distincticn between durable and non-durable
goods 1s based on average lifetime in service. A cne-year criterion ig normally
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assumed. Most producer goods (machines, tools, structures) are durable by this
standard. Consumer geods are more divided. Heouses, cars, household appliances,
recreational goods, furnishings and mcst clothing are durables. Food, beverages,
cleaning supplies, cosmetics, pharmeceuticals, newspapers, magazines and sundries
are clearly consumables, along with some items of clothing.

84, The distinction is useful because consumables are converted immediately to
waste {in varying forms), whereas durables only contribute to waste-streams as they
gare digcarded. BRegrettably, direct data on scrappage of durables is almost non-
existent. In some cases, e.g., automobiles, annual scrappage may be inferred for
many countries by comparing new registrations of wehicles with changes in total
registrations, although this procedure is far from foolproof. In some countries,
registration fees are so large in compariscn with the value of the vehicle that old
vehicles are never scrapped, but perpetually rebuilt. This is, to some extent,
tantamount to piece-meal scrappage spread over a long period of time. But reliable
data are unavallable as to the details of this process.

85. For other durable goods, even less information on scrappage is typically avail-
able, Consequently, it is necegsary to estimate scrappage by assuming that it
occurs when goods have depreciated to negligible econcmic value. Thus, depreciation
data are needed.

86. Waste versus recycling. In most cases, the term "waste”" is not ambiguous in
practice, The only source of ambiguity arises in connexion with recycling. Speci-
fically, any by-product of an industrial process 1s a waste product if there is no
immediate market for it and if it must be stored indefinitely or disposed of through
an envirommental medium (atmosphere surface water, soil etc, ) All consumables
become wastes at the polnt where they are discarded by their users and collected
for disposal.

87. By this definition, primary scrap material - metal, paper or plastic - that is
geherated in a factory, and collected and sold commercially to a specialist processor
is not clagsified as a waste stream, because this material was never actually dis-
carded or disposed of through an environmental medium. On the other hand, so-called
gecondary scrap material that is separated from mixed municipal or other refuse
(after collection from the original users) ig counted initially as part of a waste
stream, notwithstanding later re-use. In the present context, the term "recycling"
refers only to the recovery and re-use of secondary scrap.

88. A possible ambiguity arises in connexion with material that is discarded as
waste, which accumulates in one spot, and which is stbsequently found to have com-
mercial value for some purpose. Thils has recently happened, for instance, in the
case of some nineteenth-century mine tailings, which constitute viable ore based on
present-day technology. BSuch an eventuality can de dealt with by approprlate re-
valuation of the stock of the resource in question.
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VI, ENVIRONMENTAL DAMAGES AND ABATEMENT COSTSié/

89, One of the types of information mest frequently needed by policy analysts con-
cerned with environmental problems iz data on coste, both pald and unpaid. TIn the
category of paid costs one would include expenditures - either by producers cr by
consumers - directly or indirectly attribuiable to pollution abatement and/or
envircnmental management activities. The actual expenditures by affected parties
may often not be directly known, since they are not part of a government budget.

90. It i& clear that information on actual expenditures on pellution control and
abatement sghould, in principle, be derivable from the national accounts. Expendi-
tures by Governments attributable to environmental menagement could be explicitly
separated. On the production side, a separate industry to produce pellution abate-
ment or environmental management goods and services would also need to be distin-
guished from the other sectors. Purchaseg of such services by Governments, or by
other prcduction sectors, would constitute revenues to that sector.

91. The practical difficulty in cemplling this information arises from the fact
that it is very difficult to distinguish between goods and services purchased for
varicus purposesg by firms. Even the standard distinction between capital and
operating cogts is an essentially artificial one, though sanctified through long
recognition by the tax regulations of most countries and familiarity on the part of
accountants and auditors. But to distinguish between different kinds of capital
and different kinds of operating cogts would be very troublesome. Most firms would
have difficulty documenting the internal allocation of expendiftures in this manner,
and outsiders still more so.

092. The most plausible way out of thig difficulty would be for certain categories
of capital and operating expenditures to be explicitly desighated as for environ-
mental purposes by the tax authorities. (For example, purchases of electrostatic
Precipitators, complete water treatment plants, complete desulphurization plants,
catalytic convertors for automobiles etec.). £n accelerated depreciation schedule
or some other form of tax concession could be made available on condition that the
expenditures were properly documented. The information thus accumulated would con-

stitute a potential data base for statistics on the paid costs of envirommental
control.

9%. The problem of determining unpaid environmental damage costs 1s even more
difficult, since most of these costs are unpaid, at least in part, precigely
because there is no impersonal market mechanism for fixing their appropriate prices.
A number of economists have attempted tg develop cost-benefit methodologies for
estimaling real or potential damages.ii? Whatever their respective merits, all
these methods have the common disadvantage (from a statistical point of view) of
being indirect and theoretical. That is, there I1s no set of empirically derived
damage costs that could be compared on an international basis at this time.

16/ The present chapter should be read in conjunction with chapter IV in "The
feasibility of welfare-oriented measures to complement the national accounts and
balances" (E/CN}E/HTT), also before the Statistical Commigsion.

ll/ For a comprehensive summary of the relevant methods, see Government of
the United States of america, Department of Transportation, Economic and Social
Measures of Biologic and Climatic Change, edited by R.C. d'Arge, CIAP Monograph
Wo. € (Washington, D.C., September 1975).
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9k, In the near future, unfortunately, it seems unlikely that any fully satisfac-
tory resolution of these difficulties will be achieved. What can be done short of
guch an ideal solution? =As regards paid coste, the only possibility that strongly
suggests itself at this stage is the systematic use of engineering information to
estimate costs, and of survey data to estimate the extent of pollution abatement
activity. Ih water-pollution control, for instance, the following three-tiered
clagssification of water-treatment processes. has been establighed by wide usage:

K (aj Primary treatment. Se tling and flltratlon, removing most suspended
golids and 30 per cent of BOD,18

(b) Secondary treatment. Bacterial treatment of the output of the primary
treatment procéss, leading to cudulative removal of Q0 per cént of BOD, 50 per cent
of nitrogen, 20 per cent of phosphorus and 5 per cent of dlssolved salts.

{c) Tertiary treatment. ‘Various additional steps leadlng to cumulative removal
of 5 per cent of BOD, 95 per cent of nitrogen, 97 per cent of phosphorus and 50 per
cent of dlssolved salts.

I

05, Tt is feasible tc clagsify all industrial or other waste-water discharges
according to the highest level of ftreatment, for example, 10 per cent tertiary and
80 per cent secondary. Date of this sort could be broken down by region and source
category (industry, agriculture, industry) . Unfortunately, the classification into
primary, seccndary, tertiary levels of treatment is applicable mainly to municipal
wastes or process industries utilizing organic materials (pulp and paper, food pro-
cessing etc.). It is not very relevant for chemical or metallurgical wasties.

96, In a similar vein, it is feasible to classify levels of treatment of smoke for
major industrial or municipal steam-electric power plants, incinerators, coke ovens,
blast furnaces etc. Particulate removal by means of electrostatic precipitation can
be estimated in percentage terms. Levels of treatment of motor wvehicle exhaust can
also be estimated by engineering ahalysis and dynamometer tests on a cross-sectional
sample of each year's new vehicle output, combined with longitudinal surveys on a
few vehicles over their lifetimes to determine the effect of aging. Fractional
removal cf sulphur and ash from ccal and from fuel oil are feirly well-known and can
be determined by comparing samples of raw and finished fuels. Fractional removal

of sulphur dicxide from stack gases would be a known. function of the efficiency of
the treatment process (if any). Disposition of municipal solid wastes via land
£111, incinerator or by other means is not as well decumented as might be expected,
but good estimates are available in many localities.

97. With regard to other pollutanis, however, treatment or abatement methods are
generally not yet standardized and levels and costs of treatment will prove more
difficult to compile. This problem is particularly troublesome where ftrace con-
Taminants or wastes from metallurgical or chemical processes are concerned. UNo
immediate soluticn seems available,

l@/ Biclogical Oxygen Demand - that is, the amount of oxygen that will be con-
sumed by aerobic decay organisms in five days. It is a measure of the amount of
biodegradable organic material in the waste mater.
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VII. POSSIRILITIES FOR INITIAL IMPLEMENTATION

98, It is highly desirable to segment the framework proposed in these guidelines
80 as to permit gradual construction of the full system in smaller stages. Both
horizontal and vertical cuts are possible. A horizontal cut would begin with one
reasonably well-defined stage of materials flow (say, extraction of raw materials)
and identify all the relevant flows into and out of box 2 in figure I. This would
be a relatively simple extension of preduction and trade statistics already avall-
Bbhle in many countries. The two added features would be specification of waste
flows from primary extraction processes (by process) and specification of subsequent
utilization according to whether further conversion processes are involved or not.
The system could nok, of course, be "closed" in any sense and materials/energy
balances could only be struck for the extractive activities per se.

99. In a similar manner, otler sectors in figure I could be dealt with successively.
Thus, all imports and exports of raw materials, commodities and finished goods

could be compiled tc obtain a balance for the.rest-of-world sector. Dalances for
consumption of non-durables and accurulation of durables could be arrived at by s
combination of direct survey data and indirect (Synthetic) methods. The same is

true for conversicn industries and manufacturing industries. Here census-type data
woirld have to be supplemented by engineering studies. The inputs and ocutputs to

the wagte sector (presumably left to the last) would then be completely specified.

100." The weaknesses of this approach are clear: first, the piecemeal approach deoes
not. yield a very useful result until it has been completed. Moreover, by far the
largest and most difficult segments are perhaps still indigestibly massive projectsa.

161. The vertical epproach offers more promise. Here one would identify a single
element (or group of related materials) and follow it through the economy from raw
material to final consumption, taking account of all waste flows. At a later time,
one could aggregate the results to obtaln a complete system. Meanwhile, the partial
results are still potentially quite useful.

102, In fact, it would make sense to begin with a set of the most environmentally
critical materials, such as toxic heavy metals (lead, cadmium, mercury. etc.)}. Most
of these metals have a falirly restricted set of usges. Experience acquired in com-
piling the process-waste-consumption flow data on these metals would be helpful in
dealing with the more widely used and more complex flow patterns of the major
metals. DMoreover, the data sets for many metals overlap significantly. For in-
stance, cadmium 1s a coproduct of zinc refining. In compiling necessary data on
cadmium, one would necessarily obftaln 'quite a lot of relevant data on zinc, thus
simplifying the task for zinc. Similarly, zinc and lead often occur together,
along with copper, silver, arsenic apd other metals.

103. . The logic of a verticel approach beginning with the more toxic metals and then
gradually extending to other materials can also ve seen from the fact that some
materials or elements are far more critical than others, both from conservationist
and envirconmentalist standpoints. A disproportionate amount of environmental

damage is caused by a small number of processes (e.g. combusgtion of fossil fuels)'
and by chemjcal compounds composed of a small number of especially potent elements.
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10, In this context, it is noteworthy that the majcr elements of biological
systems (hydrogen, cerbon, oxygen) are relatively innocucus when combihed with each
other, but that four minor elements of living systems (nltrogen, sulphur, phosphorus
and chlorire) combine with these three, singly or all together, to form a large
variety of toxic or carcinogenic cémpounds from oxides of nitrogen and sulphur to
cyanides, mercaptans, nitrosamines, nerve gases such as phosgene, peracyl acetic
nitrate, bacteriocides, alglcides, fungicides, herbicides, insecticides, food pre-
servatives, vinyl chloride and polychlorinated biophenyls. Clearly, monitorihg
Ehese four elements and their uses should teke ptrecedence over monitoring the other
threa.

105, BSimilarly, a group of minor metals, including lead, cadmium, mercury, arsenic
and chromium, are far more dangerous to the environment than the more' widely used
.elements such as compounds or alloys of aluminium, calcium, iron, silicon and sodium.
Again, even though the lattér are fdgr more important etonomically, priority in
monitoring should go to the former. ‘

!
J
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Notes to matrix display

1.

The matrix display corresponds essentially to boxes 1 to 12 and
connecting lines in figure I in chapter IV above {see notes
below, however). Tabulations (or sub-matrices) are shown.
symbolically. An explanation of indices and nomenclature follows
these notes. |

In figure I, intermediate use (box 5) and final consumption of
non-durable goods and services (box 6)'are separated. However,
these are combined in some tables, e.g., ylp(t), me(t).

Current production of durable goods Wq(t) in material terms cannot
be derived from the obtker elements of the matrix. This is,
strictly speaking, a supplementary table. In principle, however,
it must be the sum of material flows from finished materials ylp
and intermediate products (flows from box 5 to box 7 in figure I,
net tabulated). Wote that current depreciation of durable goods
g 5) in material terms corresponds to the consumption of such
goods and their abandonment or demoliticn. This is, essentially,
a waste stream and can be defined as such (hence ¥gq = i mq).

m

Some useful aggregate variables do not‘correspond directly with
either stocks or flows in the diagrammatic presentation (figure I).
Examples include:

V5 (domestic supply of jth resource) ;
y1 (domestic supply of 1! material or commodity);
X, (totel waste of m® type).

Some flows (lines) in figure I have no corresponding tables (see
note 3 above), elther due to relative unimportance or lack of
data. These are denoted NT {Wot Tabulated) in the matrix, and
are shown as lines of dashes in figure I.

The stockpile of finished or partly processed materials has been
tentatively omitted. However, this omission should be considered
for possible future inclusion. It is shown in figure I as a
broken~line box (not numbered),
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Definftfon

(A1) Tetters, J ... §, except 0)

Matursl resource type

Extraction process (mode) for jth type of resource(')
Processed materfal or commodity

Waste restdua) type

Conversfon process type

Production or consumption sector

Type of tangible capital asset

Definition (Stock)
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Range of Indices

R L) PR |
k(3)n1, ... K{J)

s eee L

=i, .. M

p=1, ... P
al, ... Q

Maximum Number of Quantities

Stock of Jth resource not yet extracted

Stock of jth resource held for strategic reserves
th

th

Stock of m type of waste available for possible recovery

Stock of - type of tangible capital asset “in use”

Definftion (Flow)

Dmnesti:: consumption of Jth resource

Domestic output of resource j by k' process

Exports of J"h resource (unprocessed)

Inports of Jth resource (unprocessed)

Stockpile u1thdrawa'|s(°). Jth resource

Stock additions. () or reviluations, Jth FESOUTCS

th

Domestic supply of 1°" materfal/commodity

Output of u"h material/commodity by nth process
Exports of lth material/commodity

Imports of ot materfal/comnodity

Input of Jth resource to nth material/commodity
Input of Jth resource to nth process

utiifzation of j“‘ resource as such by pth segtor

th +th

Conversion of &~ material to t

th

material' (v, =0}

th

Input of 1" material/comrodity to n~ process

Utilization of materialfcormodity L as such 4n sector p
Ut1lization of mater{alfcommodity L as such in capital g
Current production of capital of type q

Current deprecfation {consumption) of stock of type g

Tolal waste generated of type m

Waste of type m produced by k(J)th resource extraction process

h

Waste of type m produced by nt conversion or consumption process

Waste of type m produced by covawmption use (a3 such) in pth

soctor, (d)

Waste of type m ?ruduced by depreciaticn (consumption) of
capital goods le) of type g

Input of mth wasle type o n“1

process (recycling)
Export of q" capital

Import of qm capital

J

<<

<

Maximum Number of Quantities

€<
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e
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JxP

LxlL
LxN
LxP
Lxg
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LIST OF SYMBOLS AND DEFINITIONS {Continued)

Accounting Identities Interpretation
E X = U, + ¥V, ¢ 20 Domestic supply equals preduction less exports plus imports plus stockpile
k) LI 3 i withdrawals. .
2 xm - U'_ V,’ : Same as above.
n
2 ¥, ¢+ 2 ¥ Consumption of J"h resource equals the amount of that resource converted to
T it p dp all other forms plus the amount of the rescurce used as such {without further

conversion). By definition resource supply equals current consumption,

zn:v.’ln* ZP:YJP

2 Y, = Zy Resources allocated among all conversion processes (n) must equal resources
T 7 dn converted to processed materials (&}, by definfition.
l‘ th .
vt + : Consumption of t° material or commodity equals the amount of the material
" " ;'Efj,vu zp:v"p zq: Tiq converted to other materials, plus the amount wtilized as such (without
further conversion] for intermediate production (e.g. of s_ervh:es), final
- 2 Y+ 2 Y+ 2 Y consumption goods and durable (capital) goods. The quantity of material/
n in p tp q tq commodity allocated among a1l (other) conversion processes must equal the
E, ‘ ] quantity converted to other materials and processes.
X - E L ot 21 Total waste generated of type m must equal waste produced by extraction,
g n k A g mP conversion, consumption and depreciation, respectively,
+ry ' '
2 g
MATERIALS BALAMCE BY PROCESS
Z LI E Y, z [ - The sum of a1} materials entering a process must equal the sum of all useful
J dn T g™ products plus wastes. Care must be exercised to include envircrmental
resources {air, water) on both sides of the equation.
(a) It 1s convenfent (and reasonable} to assume that each resource has & unique set of assoclated extraction processes and

(t)

{c)
{d)
(e}

that each process results in only one preduct. If a given extraction process (say strip mining} is applicable to more
than one resource, it is simply counted as a separate process in each case. This procedure is not followed for conver-

sion pmce{ses because of the problem of joint products. Thatis, each process yields several products. HKence pro-
cessés must be separately indexed,

Additions to stock are definzd as aross annual production in the case of renewable natural resources. In the case of
non-renewable resources, effective additions to stock arise from revised estimates ot recoverable fraction of existing
ore-bodies due to price changes or technological improvements, discoveries of new sources of standard types of ores and
development of practical methads of utilizing known but hitherto unutilizable ores.such as o1l shale, ocean nodules, etc.

Stockpile accumulation ts regarded as a negative withdraual. .
Conversion wastes are excluded, being separately accounted for 1n the extract{on and conversion stages.

Capital goods in this context specifically ‘Include consumer durables {automobile, housing) as well as producer durables
and $tructures. .



