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SECTION 1. INTRODUCTION

1.1 Background

The National Round Table on the Eavironment and the Economy (NRTEE) is develo in

performance indicators for sustainable energy production and use. As partof chisprocessp:h‘
Round Table has commissioned a series of papers, of which this document is one. Specificall ;
this paper considers options for a preliminary family of macro-level, national ener 'y
indicators directed at senior decision/policy makers and the general publie. &

The pages that follow are intended to be a discussion starter. As such, thi

- . . . is pa
deliberately been kept brief, and does not seek to address or resolve sll i'ssues rglaptei;gh::
indicators development. Morcover, the paper does not address issucs that are to be covered in
compamor: tfjowmcrn’: %cnng prc_fag_clq for t;\e NRTEE (specifically the issues of an overall
conceptual framework, data availability, and the role of energy in economic
sustainable development). performance and

Given the strict time and budget constraints under which this paper was prepared, and the f

thatitisonly a first step in a longer process, no external or peer review was undc‘rtakcn ot
to submission. Instead, the development of this paper consisted of an initial 'brainstom‘\)!'o:
meeting involving Marbek personnel, outside advisors, and NRTEE representatives: 3 1"m!?84
literature review; preparation of a "Concepts Paper® for discussion at a second 'braiﬂ'storl ieq
meeting; and finally preparation of this paper, ming

1.2 Energy Indicators

It is widely accepted that we must transform our society into one that operates in accordanc
with the principles of sustainable development. Sustainable development indicators ar:
conceived as a means of measuring our progress towards this goal (ie. the goal of bringin
about a process of sustainable development). ging

The task of developing such indicators, however, is made complex by man

significant being the fack of agreement as to what sustainable dcvclyopme:tfiasc(t::&gtua?x:
most abstract level, as embodied in the Brundtland definition) and the challenging (if not
impossible) task of selecting a manageable set of indicators that reliably reflect the
extraordinarily complex nature of our society and economy.

Given this, it is useful to attempt to develop indicators for a more specific topic: sustainable
energy pbrloducnon anddusc._ In dodxng s0 it must be recognized that movement towards more
sustainable energy production and use is only a component of progress towards th

sustainable development, 8 the goal of

Asisnoted above, this paper focuses on *macro level® indicators; that is, indicators that suggest
how Canada as a whole, or major elements of Canadian society, are doing with regard togthe
sustainability of energy production and use. This implics relatively aggregated data (which
can be problematic in a country as large and diverse as Canada).
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SECTION 2. GUIDELINES: CONSIDERATIONS IN THE SELECTION OF INDICATORS

Prior to identifying specific indicators, it is necessary to define th i i
. X b, ’ ¢ $¢o
this purpose, the following guidelines are suggested: pe of discussion. For

2.1 Defiaition of an ladicator

The term “indicator® has come to mean different things to diffe '

: : rent people. On th
extreme, ... its mcamngﬂappca.rs to have been expanded to the point where it i‘: c°mm°nlyeu2:;
as a synonym for data.” Similarly, the term has found widespread usage in relation to state-
of -the-environment reporting, where the collected data are oftéen referred to as indicators.

For the purposes of this paper, however, a narrower definition ha e

our indicators consist of only a few salient picces of data which ;?;:?daed:‘;t::e'rff;?ci:fa"yf'
the sustainability of energy production and use, as opposed to a detailed record r‘el':
difference between this definition of *indicator® and the broader usage is one of de ' y
of kind, but it is an important distinction. gree, not

2.2 "Bottom Line" Indicators

The needs of the primary audiences (senior decision/policy makers and th .

. . . . A [

imply a need for indicators that present the “bottom line® -- that is, progress tgz::;:!tg:bl;:;
of sustainable development rather than detailed analysis of contributing factors 8

This is an extremely important point. There is a tendency to expect r

For instance, many writers suggest that indicators should rycflect tphe ir:ﬁ)oa;?\:)i‘hsggcli??c'cul‘?“‘
initiatives. At teast for the indicators under discussion here, we argue that this _pobnc)y‘
uncealistic and inappropriate. Indicators can tell us how we are doing, but shoullsd o
normally be expected to tell us why a particular outcome has arisen. In other 'words indic not
are meant to be lndlc_atlve rather than explanatory; they are not meant to be an anai ﬁcala(tor!s
Where indicators point to a failure to achieve a desired outcome, more detailed aynal s.00-
indicate the source of the failure is implied. Such analysis would no doubt require bay 113, to
and current data beyond that captured in the indicators as such. seline

2.3 QOutcomes, Not Factors

' Given the "bottom line* oricntation' just referred to, we beli |

. Giv: ! ' ieve the focus shoul
indicators that measure outcomes directly (c_g. energy use per capita) rather than th%s'e)ethoalz
measure contributing factors(eg. the penctration of specifictechnologies, governmentspendin
on conservation, ¢tc.). That said, indicators that deal with such factors can be uscrugl

surrogates when data relating to outcomes is unavailable (a situation thatism i 1
when relatively disaggregated data is required). ost likely toarise

2.4 Internatlonal Comparisons

The ability to make int;rnational comparisons is important a .

indicators engaging, but is problematic. Such comparis%ns dcpensdau;;?)??l:eoarvanslaa'gﬁisg th:'
similar types of data in all countries with which comparisons are to be made, yet 5 t
availability varies from country to country. Moreover, even apparently similar dat'ayma ;ta
be dnrcctly.comparablc. Even where the data is technically comparable, structural dil'l‘f:rc.ym:ot
in economies between countries may make comparison of absolute values inappropfiate es

' Geélinas, Ron and Jan Slaats (1989). Selecting Indicators for State of the Environment

Reporting (Draft). SOE Reporting Branch, Environment Canada.
2
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Thus, while the ability to make international comparisons is desirabdle, it should not be o
requirement in the development of the first generation of energy indicators (see point 2.8
below). In the longer term, comparisons of rates of change in key indicators will likely be
more meaningful than absolute values, at least in the case of macro-level data.

2.8 Indicators or Indices?

[t is theoretically possible to combine or aggregate data from a series of indicators to produce
a dimensionless index of sustainability ( similar in some respects to the Dow Jones industrial
average or to air pollution indices). While the development of a single index of the
sustainability of energy production and use is an attractive idea in principle, it too is
problematic in practice. First, it is debatable whether a reasonable index of this sort could be
defined (and unlikely that such an index, if defined, would have sufCicient credibility to be
useful). Moreover, unlike most common indices, *sustainability of energy production and use*
is an abstract concept that is likely to be less well understood than its component parts
Finally, as.is pointed out by various authors, the methodological challenges in aggregation.
such as the risk of double counting, are significant. '

In view of all of the above, the goal in developing the first generation of energy indi
should not include the development of an aggregated index. 8y indicators

2.6 Indlicators, Not Targets

Energy indicators should, as has been discussed, indicate how we are doing with regard to

.sustainability of energy production and use. Over time, indicators should not only tell us

*where we are', but also how quickly we are moving towards or away from the general goal
of sustainable development. It isequally true that indicators alone can not tell us whether the
current situation or the rate of change is satisfactory. In order to make this judgement, targets
need to be established -- targets for both the end point and the rate of change. '

That said, the establishment of targets is clearly a separate issue from the development of
indicators. As such, the question of targets is not discussed further in this paper.

2.7 Data Avallability and Credibillty

At the risk of sta'tin.g the o_bvious. it is worth noting that the indicators selected must meet a
number of criteria, including the following: ,

. The required data must be available or it must be reasonable to assume that the data
could be acquired

. The data must be inherently credible (scientifically sound)

. -~ The data must be a reliable indicator of larger trends (ie. it must provide meaningful

information on the characteristic it seeks to represent).

Clearly, the indicators selected must also be readily understood by the target audiences --
decision/policy makers and the general public. To the degree they are understood, the
indicators will inform, influence decision-making, and enhance the accountability of decision-
makers regarding progress towards sustainability, The general point -- the need for the
indicators to be understandable -- reinforces the need for simplicity suggested by several of
the points previously made.

2.8 An Iteratlve Process
Finally, the development of the family of energy indicators should be an iterative process,

improving over time. Demanding pcrl‘_cction prior to initial adoption would fikely ensure that
no proposals are ever accepted. The history of the development of macro-level environmental

3
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indicators (a complex but probably simpler task than developing indicators of sustainability)
supports this conclusion: although consideradle effort has been applied, there are few results?

Development of 3 family of.indicuor's on an iterative dbasis, on the other Rand, would allow
data collection and publicm_on 10 bc_z:q in the near term, in parallel with the development of
the next, improved generation of indicators. This process produces tangible results in a

reasonable time frame, and allows actual experience with the first generation of indicators to
shape future generations.

SECTION 3. A FRAMEWORK FOR SELECTING ENERGY INDICATORS

Based in parton the guidelines presented above, this section outlines 8 framework for 2 family
of indicators.

it Sustalnable Developmeant

“Sustainable development® is a larger concept than “eavironmentally and economically
sustainable development®, in that the latter does not necessarily consider social, cultural,
ethical, or political sustainability., Thus, it could be argued that indicators of sustainability
in energy production and use should look beyond the economic and environmental dimensions
to consider factors such as social equity. However, it is our view that indicators that address
such issues are more appropriately and practically associated with indicators of sustainable
development in general, and as such we do not propose such indicators for energy specifically.
In other words, our indicators focus on the narrower topic of environmental and economic
sustainability of energy production and use.

While the economic and environmental dimensions of sustainability are interlocked,
organizationally it is useful to consider these two aspects separately,

3.2 Eavironmental Sustalnabliity

First, we believe that two generic characteristics of energy production and use must be
considered in order to measure environmental sustainability (or, more precisely, changesin each
of these two characteristics must be considered in evaluating progress towards the goal of
environmentally sustainable energy production and use). The characteristics are:

1) Quantity of energy produced and used
2) Environmental impact per unit of energy production or use,

It is our view that, over time, changes in the data showing declining energy use and declining
environmental impact perunit would clearly indicate progress towardssustainability, provided
the economic indicators outlined below show similar trends.” We therefore propose to develop
indicators to measure the two characteristics; our proposed indicators are listed in Section 4.

See, for instanoe, YHB Research & Consulting (1989). Indicators and Indices of the State
of the Environment. Prepared for Environment Canada and Statistics Canada. The
authors also note that “..the traditional approach to developing environmental

indicators has been too concerned with coverage and not enough with convenience, 100
much with theory and not enough with utility.*

This statement should not be seen as implying that the goal of sustainable development
requires energy use to decline, ultimately, to zero. What the statement does imply,
however, is that our energy consumption could be reduced significantly without
imposing unacceptable costs, and that doing so would enhance sustainability.

4
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33 Ecoaomlc Sustalaability

The characteristics which must be considered in order to measure the economic sustainability
of encrgy production and use are less obvious than those for environmental sustainability. As
a point of departure, we would argue that:

. Macro-level indicators of the performance of the economy a3 & whole, while
theoretically pertineat to the issue at hand, are nevertheless an inappropriate
component of the required family of energy indicators. First, traditional economic
indicators do not measure sustainabdility. Second, evea if adequate indicators of
sustainability of the economy as a whole were to be developed, it does not necessarily
follow that they would provide useful guidance concerning the sustainability of any
particular component of the economy (such as energy production and use).

. At the other end of the spectrum, indicators that focus on the health of the energy
industry would also be an inappropriate component of the family of indicators -- most
fundamentally because apparent health of the industry is influenced by a host of
factors that are unrelated to long-term economic sustainability (such as the macro-
economic policies of the government of the day or politics in the Middle East).

Implicit in the above two points is the suggestion that the required indicators of economic
sustainability should focus on the resource base supporting energy production and use, rather
than on the somewhat volatile industry and economy that is built on that base, Specifically,
we suggest that two generic characteristics be considered for indicator development:

1) Long term resource availability
2) Energy productivity of the economy.

These two characteristics require elaboration. Long term resource availability refers to the
*life expectancy® of the energy sources in use. In principle it should reflect characteristics
such as reserves of non-renewable resources, extent of use of renewable resources, and less
tangible variables such as nationai self sufficiency. Energy productivity of the economy
refers to the economic "mileage® we derive from our energy resources.

It is our view that, over time, changes in the data showing increases in long term resource
availability and in energy productivity of the economy would indicate progress towards
sustainability in energy production and use, provided the eavironmental indicators outlined
above show similar trends. We therefore propose to develop indicators to measure these two
characteristics; our proposed indicators are listed in Section 4.

34 Summary and Qualifications

In summary, it is suggested that the proposed family of indicators of eavironmentally and
economically sustainable energy production and use could consist of indicators that measure:
the quantity of energy produced and used; the environmental impact per unit of energy
production or use; long term resource availability; and the energy productivity of the economy.

These characterist?és are somewhat different than those suggested by the Round Table as an
initial list for consideration in the development of the indicators. However, the characteristics

suggested here incorporate the Round Table suggestions, albeit within a revised and expanded
framework. ‘

It is, of course, possible to debate whether our proposed characteristics adequately describe
sustainability, but a more significant probl.crq arises in the attempt to find indicators that
adequately address certain of the characteristics. This is the focus of the next section.



“ ’Marbek

SECTION 4, SELECTION OF INDICATORS

For each of the (our characteristics outlined above, this sectioa includes an exhibit that
provides: _

A brief discussion of key conceptual issues

A listing of recommended indicators

A short “shopping list® of other possible indicators

A list of selected methodological issues requiring consideratioa,

presented. There is no intended implication that all of the listed options should be a part of

the “family® of indicators; the degree to which disaggregated data is required deserves further
consideration. :

" For each of the recommended indicators, a series of options for disaggregation is also

Canada imports and exports large quantities of energy, which complicates development of s
number of the required indicators. For clarity of presentation, therefore, the four exhibits
just described focus on domestic energy use and on that portion of our energy production that
serves domestic needs. A filthexhibitconsidersindicators thatare concerned with the portion
of our production that is exported. (It is worth noting that the policy responses to
unsustainable domestic energy use may be entirely different from the responses to

unsustainable energy exports, scparating export-related indicators in this way might therefore
be considered logical as well as convenient.)

EXHIBIT 1
CHARACTERISTIC: QUANTITY OF ENERGY PRODUCED AND USED‘
DISCUSSION:

As noted above, this exhibit focuses on domestic energy usage; the question of additional
productioa (or export is addressed in Exhibit S.

Two specific issues warrant discussion:

1. Primary vs. secondary energy usage

The term primary energy refers to energy commodities at the point of production, whereas
secondary energy refers toenergy as delivered to the point of use. In principle, indicators of
encrgy usage could use cither primary of secondary energy data,

In part because there are methodological issues associated with how primary energy is
calculated, but more importantly because data relating to energy at the point of use is likely
to be more meaningful to most users of the indicators, use of secondary energy data is
recommended (Indicators 1.1 & 1.2 below). However, because the relationship between primary
and secondary energy is not constant (overall, the efficiency of the conversion is declining),

it is also appropriate to include an indicator that addresses the primary/secondaty ratio
(Indicator 1.3 below).

*  Thischaracteristicencompasses two of the areasidentified by the NRTEE for indicator

development (efficient end use and efficient conversion from source to end use).

6
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2. Iniensities

In addition to indicators that reflect total energy use (Indicator 1.1 below), it is useful to
include indicators that reflect energy intensity (for instance, energy use per capita). Such
intensities (Indicator 1.2 below) provide an improved picture of our energy use, but have 2
inherent limitation. Specifically, they do not measure changes in the variable used to define
the intensity. Forinstance, if energy use per passenger-kilometre was sefected as an indicator
for the transportation sector, it would teli us something about the technical efficiency of our
transportation system but not about changes in the number of passenger-kilometres (which
could have as much impact on sustainability as technical efficiency).

This problem is inherent in the use of intensities as indicators, but we do not believe it
precludes their use. It does imply, however, that any intensities chosen must be carefully
considered. For instance, for the present purposes, a more appropriate measure of intensity
in the passenger transportation sector might be energy use per capita. This indicator tells us
how we are doing, overall, in the sector -- which, as noted above, energy use per passenger-
kilometre does not. It is true that encrgy use per capita does not tell us why changes are
occurring, but we have argued in Section 2.2 that we should not expect our indicators to do
50.

In fact, it is appealing to consider the use of per capita data to indicate intensities in all
energy using sectors, in part because this would conceptually simplify the family of indicators.
However, energy use in some sectors is heavily influenced by import/export activity; in these
cases, per capita indicators have the potential to mislead (unless the data is manipulated to
correct for this factor).

(Note: One commonly used intensity figure relates energy use to GDP. This relationship is
addressed in Exhibit 4.)

PROPOSED INDICATORS:

INDICATOR I.1I: ENERGY USE
Indicator: National energy use (GJ)®
Disaggregation: Regional use (GJ)
Sectoral use (Gl)

INDICATOR 1.2 ENERGY INTENSITY
Indicator: National energy use per capita (GJ/capita)
Disaggregation:  Regional intensity (GJ/capita)
Sectoral intensity:

Residential (GJ/capita)’
Transportation (GJ/capita (passenger) and GJ/tonne-kilometre
(freight)) :
Commercial (GJ/m? floor space)
Industrial (GJ/dollar produced)

INDICATOR 1.3 EFFICIENCY OF PRIMARY/SECONDARY CONVERSION
Indicator: National secondary/primary ratio (dimensionless)
Disaggregation: Secondary/primary ratio by energy source (dimensionless)

5 For convenience, gigajoules (GJ) are used as the standard encrgy unit throughout this

paper.
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OTHER POSSIBLE INDICATORS:

1. A number of indicators that do not relate directly to energy usage are sometimes proposed
(for instance, penetration rates for energy conserving technologies, program expenditures,
etc). No such indicators are proposed here, given the premise outlined in Section 2.3 of this

paper and the fact that available energy data would provide adequate and m .
‘nformation to the intended audience. ore pertinent

2. For Indicator 1.2: _Various other disaggregated indicators are available, such as sectoral
energy use per capita for the sectors where this is not already proposed (but see discussion

above): GJ/household for the residential sector; etc.
SELECTED METHODOLOGICAL ISSUES:

1. Valuing of various energy sources in the calculation of primary ener for instance, i
such calculations hydroelcctric;ity has traditionally been treated as if tstrc(powr hadcgée':
generated from coal -- 8 practice many analysts consider questionable)

2. Validity of data for both primary and secondary energy.

EXHIBIT 2

CHARACTER[STIC: ENYIRONMENTAL IMPACT PER UNIT OF ENERGY
PRODUCED/USED

DISCUSSION:

As noted above, this exhibit focuses on domestic encrgy use; the question of the impa
additional production for export is addressed in Exhibit §, impacts of

Of the four characteristics for which indicators are proposed, environmental impact per unit
of energy used is perhaps the most complex. Impacts to be considered include wastes produced
emissions, land-usc issues, ecosystem stresses, etc,; these impacts must be considered for all
stages of energy production and use.

As a result of this complexity, our recommended approach to the selection of indicators is to
identify a set of major impacts which, because of their significance, could be considered
indicative of overall impact. This approach has the virtue of reasonable simplicity, but
conversely introduces the possibility of misrepresentation, given the wide rang'c of
environmental impacts that are necessarily ignored. (Note: Two alternative approaches were
considered; see "Other Possible Indicators®, below.)

An important methodological issue must be considered, whatever general approach is adopted
As is suggested above, the indicators selected must in principle reflect both the impacts of
using energy and the upstream impacts of producing and delivering it, However, some of the
upstream impacts occur outside Canada (for those energy commodities that we in'xport) while
some of the impacts that occur inside Canada are not attributable to Canadian energy u'sc (for
those commodities that we export). '

The implied data problem is more apparent than real, however. While aggregate production

impact data will not necessarily reflect accurately the impacts associated with domestic use
the required indicator deals with impact per unit of energy. Canadian averages for impactg

8
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per unit of production can therefore be used as approximations ia the suggested indicators.
(This implies acceptance of two simplifying assumptions: that the gverage production impscts
of energy produced for export and for domestic use are the §ame, and that average impacts
of production are the same inside and outside Canada. These assumptions can be challenged,
but we believe they are appropriate for at least the first generation of indicators.)

PROPOSED INDICATORS:

Selection of the "set of major impacts whic_h...coyld b; considered indicative of overall impact®
requires more consideration thancan be given m‘thns short paper. The following is therefore
a preliminary list of possibilities rather than a {irm recommendation:

INDICATOR 2.1 GREENHOUSE GASES

Indicator: Greenhouse gases released per GJ of energy used (Tonnes of co,
equivalent/GJ) '
Comment: Must account for releases during production, transportation, and use:

should include at least CO, N,O, and methane data, adjusted to CO,
equivalence (vis a vis impact on global warming)

INDICATOR 2.2 OTHER AIR EMISSIONS (SO, NO,, VOC, particulate, other?)

Indicator: Aggregate emissions per GJ of energy used (Adjusted tonnes/GJ)
Comment: Must account for releases during production, transportation, and use;
weighting of various emissions is required.

INDICATOR 2.3 WASTE GENERATION (High and low level radioactive waste, mine
tailings, refinery waste, ash, emission control wastes, etc.)

Indicator: Annualgeneration of wastesper GJ of energy used (Adjusted tonnes/GJ)
Comment: Mustaccountfor wastesgeneratedduring production,transportation,and
' use, but production wastes will predominate; weighting of various wastes
is required.
INDICATOR 2.4 AREA OF LAND AFFECTED BY ENERGY PRODUCTION
Indicator: Land area committed to energy production per GJ of energy used
(Adjusted hectares/GJ)
Comment: Weighting of different energy related land uses is required, based on

nature of use (¢.g. pipeline vs open pit mine) and sensitivity of land (e.g.
tundra vs urban)

DISAGGREGATION: Each of the above indicators could, in principle, be disaggregated by
energy source and/or regionally (or bioregionally),

OTHER POSSIBLE INDICATORS:

1. Alternativesor additionstothe spcciﬁc indicators listed above include effluents discharged
to water, marine spills, occupational health and safety statistics, ete.

2. Asanalternative approach, the use of surrogate indicators (such as investment by industry
inabatement ($/GJ)and compliance record visa visenvironmental and occupational health
and safety legislation) was considered, but rejected as providing less detailed and reliable
information than the recommended approach set out above.

3. Use of an "impact index® was also considered. This concept involves the calculation of an
index for each particular energy source, and the tracking of changes in that index over
time. (Ideally, the indices for different energy sources would be comparable, allowing
aggregation; at least in the near-term, however, this scems unrealistic.)
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The index might be developed as follows:

s Forcachenergysource, a group of independent experts would be asked to ideatify the
key environmental impacts; to assign relative weights to each (weight should reflect
the importance of the iype of impact, not the exteat of the impact); and to identify

_mcasurable variables that would allow monitoring of the extent of each ideatified
impact (on a national basis).

e« Atany given time, the index could be calculated for each ¢nergy source, based on the

agreed upon weights (which would be fixed) and the measured ext i
(which would vary). , _ red extent of each impact

. Such an impact index would, in principle, be an appropriate indicator of overall
' environmental impact, and could be readily converted to identify impact per unit of eaergy
produced/used. Inour view, however, development of such an index is probably impossible
‘n the near term, due in part to the difficulty of arriving at agreed upon weights, (A~
r similar but, we believe, less challenging problem is associated with Indicators 2.1 -2.3).

SELECTED METHODOLOGICAL ISSUES:

t I. Adequacy of emissions, waste, and land use data and/or of our understanding o‘-- s
: significance

. 3. Relative weighting of different emissions, wastes, and land uses.

' ' EXHIBIT 3
CHARACTERIST!C: LONG TERM RESOURCE AVAILABILITY*
DISCUSSION:

At any given time, long term resource availability is & function of & number of factors |
r inctuding: ‘ '

e« Levels of energy consumption

e« The mix of energy sources (renewable and non-renewable)

« The economically accessible reserves of each non-renewable resource, which in turn is
dependent on physical reserves, current energy prices, and technology.

. In other words, long term resource availability will increase as a result of 1) declining energy
consumption; _2) changes in the energy mix towards renewables and/or towards those noa-
renewables with relatively large reserves; and 3) increases in economicatlly accessible noa-
renewable reserves. Any indicator developed to measure long term availability should

f therefore address all of these factors.

One indicator that achicves this goal is: the portion of our encrgy consumption that is met by
sources that are cither renewable or have reserves adequate to meet current levels of Canadian

¢ Thischaracteristic encompassesone of the arcas identified by the NRTEE for indicator

development (sustainable supply --energy mix/timely conversion tosustainable sources).

10
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use for more than a given number of years (say 30 years). Because of its conceptual simplicity,
this is the indicator we recommend below,

Calculation of reserves is perhaps the major methodological challenge sssociated with this
indicator. Reliance onsupply curves that plot reserves against price o}fers one option. Using
these curves as a tool, the approximate life expectancy of cach non-renewable energy resource
can be calculated based on current annual Canadian usage and current energy prices (or other
prices, as appropriate).

As noted above, this exhibit focuses on domestic encrgy use; the question of additional
production for exportisaddressed in Exhibit 5. However, in calculating the available reserves

ata given energy price, the it may be appropriate to reduce the reserves by the amount of any
commitied ¢xports,

Finally, there are other dimensions to the question of resource availability, including national

self-sufficiency, regional self-sufficiency, and security of supply. Ia Cact, the indicator

proposed here directly measures tong term national self-sufficiency and could, through

regional disaggregation, address the question of regional self-sufficiency (an important issue

given the size of Canada and the great variation in energy resources across the country). The
question of security of supply is not covered.

PROPOSED INDICATORS:

INDICATOR 3.1 PROPORTION OF ENERGY USEMETBY ABUNDANT RESOURCES

Indicator: Proportion of energy use met by resources that are renewable or have
reserves adequate 10 meet current levels of Canadian use for more than
(say) 50 years (%) -

Comment: Reserves should be determined based oncurrent energy prices. A second
version of this indicator could incorporate reserves available at higher
energy prices (say 125% of current)

Disaggregation: Regional proportion (%)
Sectoral proportion (%)

OTHER POSSIBLE INDICATORS:

1. An indicator of energy richness® -- a measure of the diversity of energy sources making
a significant contribution to Canada’s energy balance

2. An indicator of security of supply, particularly on a regional basis. The indicator might
address oil storage and delivery capacity, vulnerability of electrical transmission and
gencration, etc. Note, however, that security of supply is more related to short run
dislocation than to long term sustainability,

SELECTED METHODOLOGICAL ISSUES:
l. Reliability of data concerning reserves

2. Definition of renewability (particularly given that existing data concerning renewable
energy use does not distinguish sustainable from non-sustainable usage)

3. Selection of primary or secondary energy data.

11
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EXHIBIT 4

CHARACTERISTIC: ENERGY PRODUCTIVITY OF THE ECONOMY
DISCUSSION:

A somewhat traditional indicator of the energy productivity of the economy is the size of the
Gross Domestic Product (GDP) per GJ of energy consumption. This is not an ideal indicator
because the GDP itself is imperfect -« but the wide acceptance and use of GDP suggests that
jtserve as at least an initial basis for the required energy productivity indicator.

It is worth noting that one of the important criticisms of the use of GDP in energy analym
is of limited sngmﬁcance in the present context. According to Schuppcr for instance, *...use
of the ¢nergy-GDP ratio can give very misleading signals about changes in encrgy effmcncy o
The reason for Schipper's conclusion is that factors other than (technical) efficiency influence

the ratio -- most importantly, s}rugtural changes in the economy. For our purposes, however,
it is in fact desirable that the indicator reflect these structural changes.

PROPOSED INDICATORS:
INDICATOR 4.1 ENERGY PRODUCTIVITY

Indicator: Real Gross Domestic Product per GJ of energy consumption ($/GJ)
Disaggregation: Regional ratio (§/GJ) - -

Sectoral ratio ($/GJ)
OTHER POSSIBLE INDICATORS:

1. Percentage of GDP spent on energy (production and use)

2. A national primary/tertiary energy ratio (tertiary energy rel‘ers to the amount of useful
work actually done by the energy delivered to users).

3. For Indicator 4.1: Use pf a different economic indicator, such as employment or an
improved GDP-type indicator (when it becomes available).

SELECTED METHODOLOGICAL ISSUES:
1. Selection of appropriate GDP data

2. Treatment of the energy contribution to GDP.

EXHIBIT §

CHARACTERISTIC: INDICATORS ASSOCIATED WITH ADDITIONAL PRODUCTION
FOR EXPORT

DISCUSSION:

Because Canada imports and exports large quantities of energy, there are significant
differences between levels of energy production and of domestic energy use. In Exhibits 1-

7

Schipper, Lee (1990). Energy Saving in the U.S. and other Wealthy Countries: Can the
Momenium be Maintained? International Energy Studies, Lawrence Berkeley Laboratory.

12



, Ma_rbek

4, indicators associated with the domestic market (including production and use) were
proposed. This exhibit considers indicators associated with additional production for export.

In principle, such indicators should address the same characteristics a3 the indicators proposed
for the domestic market (i.e. the quantity of encrgy; the eavironmental impact per unit of

energy; long teem resource availability; and the energy productivity of the economy). Each
of these is addressed in turn below.

l. Quantity of energy produced or used

On 2 global basis, energy production levels ace ultimately dependent on usage (although there
is of course a feedback loop: supply influences price which influences demand). Moreover
from a global perspective the question of whether a given use is supplied from a foreign or'
domestic source is of secondary importance when considering long term sustainability.,

Nevertheless, from the Canadian perspective, additional production for export is of
consequence, and the impacts on sustainability from a national perspective are clearly related
to the scale of the activity. Therefore, an indicator measuring additional energy production
for export is required. Specifically, we propose an indicator that addresses net exporis rather
than gross, for two principal reasons. First, this *{its® with the indicators proposed in the
previous exhibits, whereas a measure of gross exports would produce double counting within
the family of indicators. Second, it is appropriate to regard off-setting imports and exports

as convenient commercial arrangements rather than as factors to be considered in assessing
sustainability.

Note that the indicator presented below refers to net energy exports. However, although
Canada is a net exporter of energy at the aggregate level, this might not always be so.
Moreover, at the level of individual commodities, considerable (luctuation in our
import/export situation can be expected over time, and some regions of the country depend

heavily on imported encrgy supplies. From this it {ollows that the net exports indicator could
in some cases be a negative value.

2. Environmental impact per unit of energy

The same generic indicators outlined in Exhibit 2 (greenhouse gases, other air emissions, ete.)
can and should be used to address the impacts of energy production for export. Howcve'r the
actual data would require refinement to exclude the components of each impact associated
with energy use (as distinct from production, transportation and other upstream impacts).

3. Long term resource availability

The same generic indicator outlined in Exhibit 3 (proportion of energy use met by abundant
resources) can be adapted to reflect the impact of net exports (or net imports) on long term

resource availabil.ity. Specifically, the ingicator would compare Canadian reserves to the sum
of annual domestic use and net exports (imports).

4. Energy productivity of the economy

The question of energy productivity of the economy islargely unrelated to the question of net
exports. Assuch, we suggest that no further indicator is required to address this characteristic.

NOTE: There is substantial conceptual similarity between the indicators below and those
presented earlier, but the two sets of indicators do speak to an entirely different set of policy

issues. Accordingly, it may be worth developing the proposals below as part of the second
generation of the family of indicators.
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PROPOSED INDICATORS:

INDICATOR 5.1: NET ENERQY EXPORTS T
Indicator: Net energy exports (GJ)
Disaggregation: Net exports by energy source (G)
INDICATORS $2-55 ENVIRONMENTAL [MPACTS
[ndicators: Same as Indicators 2.1 - 2.4 inconcept; however actual data would be

different as it should exclude impacts of energy use.

Disaggregation: None suggested
INDICATOR 5.6 PROPORTION OF ENERGY PRODUCTION MET BY ABUNDANT
RESOURCES
Indicator: Proportion of energy production (domestic use plus net exports) met

by resources that are renewable or have reserves adequate to meet

current levels of Canadian use for more than (say) SO years (%)
Disaggregation: None suggested ,

OTHER POSSIBLE INDICATORS:

1. For Indicator 5 J: Use physical quantities of the energy commodmes rather that GJ
3. VYariants on the “Other Possible Indicators® presented in Exhibits 1 - 3,

SELECTED METHODOLOGICAL I[SSUES:

1. Use of primary or secondary energy data.

SECTION S, CONCLUSION

The ideas and indicators outlined above represent a point of departure for further discussion,
elaboration, refinement and eventually testing. Throughout this development process, and
particularly at the testing stage, the central question must be: do the indicators serve the
central purposes they were designed for? Above all, do they have the ultimate effect of
influencing encrgy policy in the direction of sustainability?

The answer to this will depend on many factors, of course. Are the indicators sufficiently
compelling to mgger action? Arethey ambiguous or are their umphcanons readily understood
(particularly given that all of the indicators will not always move in the same direction)? Are
the conclusions suggested by the indicators consistent with *real world® experience? Is the

scope of the indicators sufficiently broad, or should additional questions (such as globa!l
encrgy reserves) be addressed?

In fact, we believe that useful, high impact energy indicators can be developed. Combined
with an effective delivery system, such indicators could undoubtedly play an important
support role in the move towards sustainability.

14



General comments on the complete set of indicators follow.,
3) Suppont for Preliminary Indicators

Workshop participants agreed that the preliminary set of indicators provided a useful basis for
discussion and that work will be needed to develop a second generation set of indicators. Some
indicators were better received than others, but improvements were suggested for many of the _
proposed indicators. Some were considered more useful at the sectoral or corporate level than
at the national or macro level.

The two indicators receiving the highest level of support were those of sectoral energy efficiency
(energy used per unit of product or service provided), and air emissions and waste (by category).
Indicators of total energy use and diversity of the energy mix received moderate support.
Participants felt it useful to know this information, but stated that these data by themselves were
not indicators of sustainable development. Efficiency of energy conversion for the full fuel cycle
also received moderate support as an indicator although it was cautioned that there may be
difficult definitional and double counting problems.

There was a mixed reaction to proposed national indicators of energy intensity (energy use per
capita) and energy productivity (GDP per unit of energy used). Some participants, particularly
in the policy group, thought these two indicators could be useful within Canada to track
economic reliance on energy. However, most participants, including energy suppliers and users,
agreed these two indicators were inappropriate for international comparisons because they
inaccurately portray Canada’s performance regarding energy efficiency. This is because a large
part of Canada’s economy, particularly our export market, is tied to energy-intensive development
of natural resources.

However, if these two indicators were used to evaluate trends and rates of change, they would
be acceptable. The participants only disagreed with these indicators being used for direct
comparisons among nations which could portray Canada as a profligate energy user when the
cause of the disparity flows from different national economic bases. In the aggregate Canada
could look bad, since forestry, agriculture, mining, and petroleum production and processing form
the base of the economy. Less energy intensive economies based on manufacturing, services, and
production for the domestic market would appear "better" because different activities are in fact
being measured for energy use without examining the efficiency with which that energy is
applied.
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There was little support for an indicatoc based on the amount of land affected by energy
development. There were questioas raised about the usefulness of this indicator because of the
variabilities regarding the degree, longevity, and risk of impacts. As well, there was little — if
any — support for measuring the proportion of energy use met by less abundant resources
because of high variability due to changing technology and market prices.

b) Energy Exports

There was moderate support for the preliminary indicators related to export proposed by Marbek.
No agreement was reached on how to define and report energy export indicators.

Some participants argued that what is important is the overall level of energy production,
efficiency of production and resulting eavironmental impact(s), whether energy is produced for
export or not. They stated Canada did not need separate indicators for energy exports.

Others argued that because Canada provides energy and other natural resources to the rest of the
world, Canada should explicitly state the amount of energy use, efficiency of production, and
environmental impact(s) (e.g. greenhouse gas emissions) related to that export. Failure to do so
could result in a distorted picture of Canada’s performance regarding sustainable development.

Still others argued that if energy embodied in products destined for export had separate
indicators, the energy embodied in imports should also be identified and net energy imported or
exported used as the basis for these export indicators.

c) Additional Indicators

Several participants stated that the proposed set of indicators is based on available data and is
not a complete list. The need for a more comprehensive list and supporting data was identified.
Two additional areas where suggested:

Water Quality and Use — e.g. water contaminants, water consumption, efficiency of
water use, amount of water recycled;

Socio-Economic Factors — e.g. jobs and other spin-off benefits provided by energy
production and environmental clean-up, cost of environmental clean-up, economic health

Natioca! Round Tatle on the
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of industry (e.g. cash flow, return oo investment), intellectual capital, technology
availability, quality of life consideratioas, human health coasiderations.

It was not clear from the discussion whether participants considered these indicators important
at the national (macro) level or at the corporate/organization (micto) level or both.

d) Linking Micro Indicators with Macro Indicators

Participants identified about 50 micro indicators currently in use or being considered by
corporations or organizations. The majority of these indicators could be linked to the proposed
macro indicators. These obvious linkages confirm that there is a "real world" foundation for
many of the preliminary macro indicators (Table 3). Those corporate/organizational level
indicators which could not be linked to a proposed national indicator suggested a need for
additional macro indicators (see sections on Additional Indicators and Contributing Factors).
There were no indicators identified at the corporate/organization level that could be linked 10
national indicators dealing with energy export (Indicators 5.1-5.3).

It was suggested by several participants that attempts to systematically aggregate micro indicators
from individual companies or organizations into macro indicators would pose unrealistic
accounting problems. Micro indicators currently are in their very early formative stages and they
are not yet standardized nor widely adopted within industry sectors. As well, many organizations
are currently focusing on the actions required to integrate environmental considerations into
business planning rather than on actual outcomes, which is the focus of the proposed macro
indicators. Nevertheless, participants agreed that macro indicators should be sensitive to general
changes measured through micro indicators and act as a national gauge of actions towards
sustainable development at the corporate or organization level. The question was raised as to
how to measure efficiency nationally, by product or sector. A private sector energy user
participant in the government-industry program called Canadian Industry Program for Energy
Conservation (CIPEC) suggested that CIPEC might be an existing avenue for accomplishing this.
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e) Indicators of Contributing Factors

Many participants over the course of the two-day workshop identified a need to measure factors
contributing 1o sustainable development outcomes rather than only the outcomes themselves,
particularly at the micro level. Coatributing factors were defined as the actions or policies
required to achieve sustainable development. [t was argued that indicators of contributing factors
are more likely to motivate changes in behaviour at the micro level than are indicators of
outcomes. Examples of contributing factors provided by workshop participants include:

. market penetration of energy efficient products

. market penetration of emission reducing technologies

. acceptance and implementation of procurement policies, such as energy efficiency and
waste reduction |

acceptance and implementation of energy efficiency audits
' acceptance and implementation of environmental audits
. acceptance and implementation of demand side management programs by electric utilities
. investments in research and development

. acceptance and implementation of full cost and full cycle accounting methodologies

i Natioza! Round Tatie on the
X Eavircoment aad the Eccnomy (NRT)
i - . N

I8 ) aeryy fadicares Workshep



5.0 NEXT STEPS AND FUTURE DIRECTIONS

Workshop participants were asked to identify and discuss future directions in developing
indicators of sustainable development in energy production and use. Key suggestions arising
from these discussions follow.

5.1 Set National Framework

All small groups identifled a need to develop a coherent national policy framework to help
determine indicators of sustainable development. This would apply to all levels of indicators
— national, regional, sectoral, corporate/organizational and individual. As part of this
recommendation, participants recognized the importance of developing sustainability criteria
which could be used to determine appropriateness and adequacy of indicators. This work could

build on the sustainability criteria proposed by the policy group at the workshop and on other
related work currently being done by the NRT.

The need to develop clearly defined goals or targets for sustainable development also was
identified by workshop participants. Indicators could then be used to assess progress towards
these goals. Noteworthy, however, is the widespread concern expressed about the process for
defining criteria and goals. Participants stressed that definition of criteria and goals should not

occur unilaterally or through bilateral negotiation but rather through a consultative process
involving all affected sectors.

5.2 Continue to Develop National Indicators

There was solid support for having a set of national indicators of sustainable development
related to energy production and use. All groups identified a need to more clearly define the
preliminary set of energy indicators as discussed at the workshop. This would include
reassessing and revising the indicators of energy intensity and productivity to place more
emphasis on indicators of energy efficiency. Participants strongly suggested there is some
urgency for accomplishing this so that it could be included as part of Canada’s position for the
United Nations Conference in Brazil in June, 1992. There was general agreement that indicators

of water quality and socio-economic indicators needed to be factored into developing a
comprehensive set of indicators.

/.
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$.3  Eacourage Development of Micro Indicators

All small groups recogulzed the lmportance of developing micro indicators, particularly
within corporations and organizations. It was suggested that these are the indicators most likely
to motivate changes in individual and corporate behaviour and easure accountability. Although
workshop participants proposed few specific pilot projects on micro indicators, most of the
energy suppliers and users represented at the ;.vorksbop indicated they are beginning to define and
develop pecformance indicators related to environment and sustainable development. Another
suggestion to assist the development of micro indicators was for an ongoing exchange of
information on indicators among the national, provincial and territorial round tables, government
agencies (federal, provincial, municipal), industry and public interest organizations, such as
consumer and eavironmental groups. One specific recommendation was to provide NRT’s report
on this workshop to the parties mentioned above and another was to set up a centralized
information base on sustainable development indicators. Several participants stated that the
workshop helped provide a context for their work on indicators and stimulated their thinking on
the matter. The workshop also set the stage for future consultation.

5.4  NRT Role in Development of Sustainable Development Indicators

The National Round Table on the Environment and the Economy (NRT) was identified by
all small groups as the body which should help provide the policy framework for indicators,
promote the development and use of indicators and collaborate with other groups better
suited to do the technical work. NRT is structured to draw on the expertise of several federal
government departments, including the Departments of Eavironmeat, Finance, and Energy, Mines
and Resources. Moreover, NRT is structured to include representatives of industry and
environmental organizations, whose advice and support is essential. Also, NRT has ties to
provincial and territorial round tables which provide avenues for public consultation. Finally,
NRT advises the Prime Minister. Political support for the concepts of sustainable development
is essential in setting the policy framework for national indicators.
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APPENDIX 2
Moeasuring Sustainable Development;
Energy Production and Use in Canada

February 28 - March 1, 1991 Montreal, Quebec
Delta Montreal, 475 avenue President Kennedy

SUMMARY AGENDA

Thursday February 28th

7:30 a.m. Registration and Continental Breakfast

8:30 a.m. Introduction

9:30 a.m. National Energy Indicators
Overview of Discussion Paper
Panel Discussion
Plenary Discussion and Questions
Small Group Discussions and Working Lunch
Plenary Discussion and Synthesis

3:15 p.m. Practical Links Between Macro and Micro Indicators
Concurrent Workshops
Plenary Progress Report

7:30 p.m. Reception and Dinner

Eriday March 1st

7:30 a.m. Continental Breakfast

8:30 a.m. Summary of Key Issues and of Progress

1:.00 p.m.

Next Steps
Concurrent Workshops
Plenary Discussion and Concluding Remarks

Lunch
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Workshop Chair: Pierre Marc Johnson, Vice - Chair, NRT
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Workshop Goals and Outcomes: Fraser Wilson, Partner,
Environmental Management, Ernst & Young
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Overview of Discussion Paper: George Matheson,
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Panel Discussion:

~ Moderator: Pierre Marc Johnson

Panel: Tony Reinsch, Canadian Energy Research Institute
Mike Robertson, PetroCanada
Charlie Ferguson, INCO

Cynthia Praul Wright, California
Energy Commission, U.S.A.

David Runnalls, Institute for Research on
Public Policy
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Retalted Agenda
Thursday February 28th cont’d.
NATIONAL ENERGY INDICATORS cont'd.
Plenary Discussion: Questions from the Floor
Moderators: Plerre Marc Johnson

171:30 a.m. Small Group Discussions, including,

12:30 p.m. Buffet Style Working Lunch
Facilitators: Jay Barclay, Cheryl Bradley, Kevin Brady,
Jane Hawkrigg, Mike Kelly, Ken Ogilvie, Steve Thompson

1:30 p.m. Plenary Discussion & Synthesis:
Moderators: Pierre Marc Johnson and Fraser Wilson
Break
RACTICAL E ND M NDICATOR
3:15 p.m. Concurrent Workshops

Facilitators: Jay Barclay, Cheryl Bradley,
Jane Hawkrigg, Mike Kelly

1. Energy Suppliers
- 2. Energy Users
3. Policy Issues

5:15 p.m. Plenary Progress Report
6:00 p.m. Adjournment
7:30 p.m. , Reception and Dinner

Guest Speaker: Hans Rode,
National Energy Administration, Sweden
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Plenary sesslon: General Discussion of Key Issues and
Diraction for Concurrent Workshops on Next Steps
Moderators: Pierre Marc Johnson and Fraser Wilson

Break

Concurrent Workshops
Facilitators

Plenary Report and Concluding Remarks
Moderators: Jim MacNeill and Fraser Wilson

Lunch
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