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Table8.4
ELECTRICITY CONSUMPTION IN TERMS OF END USE

THE POTENTIAL MARKETS FOR ELECTRICITY

14. Many submissions pointed out that electricity should be little
different from any other consumable item. Like any such item it should
follow an S-type curve, a "saturation" level* being determined by the size
of the market and the activities of other competitors within it. In the case
of electricity, in terms of normal commercial expectancy, the rate of
market penetration has been relatively slow. The result has been that the
real growth characteristics have become confused by concurrent popula-
tion growth, technological developments, and increases in standards of
living, all of which have continually tended to increase the market size.
The potential market for electricity, a premium fuel, should be almost the
entire energy field. However, over any period the market can be limited by
both economic and technological factors, while the fraction of the poten-
tial available can be controlled by both pricing and policy decisions.

15. The apparent rapid growth of electricity in the past has been largely
due to its suitability as a substitute for other fuels. It should follow
therefore that both present and foreseeable markets should already be
reasonably well defined and identifiable, thus permitting planning as
distinct from forecasting. Unfortunately, this does not appear to be the
case, a point emphasised by the second submission of the Campaign for
Non-Nuclear Futures (66). The domestic sector has been extremely well
researched, even down to the consumption by individual household
appliances (33, 53), but the same cannot be said to be true of other
sectors. It was, however, apparent from cross-examination during our

*That is, not a true saturation as growth could still occur after the curve had passed through
a knee.

(Source: Royal Commission on Nuclear Power Generation)

% %

Low Grade Hot Water ...
... ... 30

Domestic ... ... 21
Commercial ... ... 7
Industrial ... ... 2

Space Heating ... ...
... ... 9

Domestic ... ... 7
Commercial ... ... 2

High Grade Heat ... ... ... ... 13
Domestic ... ... 5
Commercial ...

... 2
Industrial ... ... 6

Fixed (Lighting, appliances, etc.) ... ... 48
Domestic ... ... 13
Commercial ... ... 4
Industrial ... ... 31
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hearings that this deficiency is well recognised, and present and past
research by both the NZED and NZERDC is going a long way towards
filling this need. Subject to these restrictions, we attempt to estimate for
ourselves an upper limit for the consumption of electricity in the various
economic sectors for the year 2000. The prime object in doing this is not so
much to produce our own forecast for that year but more to understand
the limitations and appreciate the inherent assumptions in the many
forecasts that have been brought to our attention during our hearings.

Domestic Sector
16. The basic components of the domestic sector are well

defined—water heating, lighting, cooking, appliances, and space heating.
The market for the first three is close to saturation, and the use of
appliances is also approaching saturation. There appears, however, to be
enormous scope for space heating (and perhaps cooling) (53). To obtain
an estimate of a possible upper limit for the domestic sector in the year
2000, we assume that all houses are all-electric, with space heating
provided solely by electricity.

17. In 1976 there were 1.03 million housing units in New Zealand (see
appendix C). Ignoring demolitions (which are about 2000 a year (51)) by
the year 2001 this could increase by about another 700 000, corresponding
to 28 000 new units a year, which is close to the average over the past 5
years. From table 8.2, a typical all-electric house uses about 8000 kWh per
annum for water heating, lighting, cooking, and appliances implying a
total consumption of about 13 600 GWh by the domestic sector for these
purposes alone in the year 2000. At present the average (as distinct from
the "typical") all-electric house uses about 2500 kWh per annum for
space heating (53). The MER has pointed out:

In the past the growth rate in heating consumption per household is estimated
to have been in the range 1.5 to 3 percent per annum, giving a doubling time of
between 23 and 46 years. This growth rate is expected, without conservation, to
continue at the lower end of the range so that the average consumption after
about 40 years will approach the amount consumed by the larger domestic
users today (33).

18. Choosing the fastest growth rate referred to in this statement, the
average all-electric house could use 5000 kWh per annum by the year
2001 corresponding to a total of 8500 GWh for the postulated 1.7 million
housing units. It follows that the total consumption for all purposes in the
domestic sector for the year 2000 could be about 22 000 GWh. Since,
however, the average of 2500 kWh for present day space heating is
weighted towards the North Island (as pointed out previously), 22 000
GWh could be an underestimatefor all houses all-electric. Furthermore, it
has been pointed out on a number of occasions that the present incidence
of high-comfort space heating in New Zealand is relatively low. O'Malley
has stated:

The study revealed that the incidence of high comfort space heating was not
high. Moreover, it is highly income related—much more so than otherforms of
consumption. It is also particularly sensitive to fuel pricing, perhaps because
the substitution alternatives are more numerous, or because the running costs
are more noticeable. Clearly it means that energy consumption could poten-
tially continue to increase faster than real income (67).
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19. For an increase in real GDP of 3.5 percent per annum the real GDP
per head will have increased by 1.81 by the year 2001 (see appendix C).
We could therefore have underestimated the real demand for 2001 by
allowing for only a factor of 2 increase in space heating by then. Since the
problems inherent in resistance space heating were emphasised on several
occasions, especially by the Friends of the Earth (64) and Ecology Action
(Otago) (3), we believe that further discussion on this matter is
warranted.

20. Shaw and Stephenson in their NZERDC report on heat pumps
express the opinion that a suitable level of thermal comfort in New
Zealand could correspond to temperatures of 20° C (68°F) in living areas
and 15° C (59°F) elsewhere. They concluded that to reach these conditions
a fully insulated average New Zealand house (the average being over all
climate regions and housing types) needs about 11 000 kWh per annum,
and a house uninsulated except for ceilings, about 19 000 kWh per annum
for space heating (68). These figures are irrespective of the form of
heating, being the actual heat values over and above any thermal gain
from solar input, people, appliances, cooking, etc., necessary to maintain
the appropriate temperature difference between inside and out. In an

attempt to obtain an upper limit to the domestic space heating market we
assume that all houses are fully heated to the comfort level defined above,
with new houses being fully insulated and existing houses uninsulated
(except for ceilings). For the 1.03 million houses existing in the base-year
of 1976, 20 000 GWh would be needed for their space heating in the year
2000. Allowing for a 20 percent increase in size of an average new house
(the average three-bedroom house is at present only 102 square metres
(68)), the addition of another 700 000 houses would require a further 9000
GWh, giving a total of 29 000 GWh for space heating for that year. If this
heat was to be provided by electrical resistance methods only, the then
total domestic electricity consumption for the year 2000 could be 43 000
GWh, over twice the present consumption for all economic sectors.

21. If, however, such levels of thermal comfort were desired, the relative
economics would almost certainly lead to refitting of existing houses to
levels of insulation comparable with those of new houses. That is, the
space-heating need for the year 2000 could drop to about 20 000 GWh
rather than being 29 000 GWh. Furthermore, at these levels of heating it
is quite probable that heatpumps would be economic, reducing this figure
further to 10 000 GWh (for a coefficient of performance of 2, see para-
graph 39), a value little different from the originally estimated value of
8500 GWh. This means that on an overall national basis, conservation
techniques (discussed in detail later) are more likely to achieve the house
warmth required than the direct use of more electricity in purely
resistance heating devices.

22. One other aspect that should be taken into account is a possible
increase in summer air-conditioning. However, it has been pointed out by
Shaw and Stephenson (68) that in North American conditions air-
conditioning systems usually only operate at temperatures above 24°C. In
Auckland a daily average of more than 24° C comes only on 0.2 days a

year. Shaw and Stephenson thus consider domestic air-conditioning
unwarranted.

23. It therefore appears that our original estimate of 22 000 GWh, or
from the above discussion, say 23 500 GWh per annum, is a reasonable
estimate for the domestic sector in the year 2000. We are not saying that
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all houses will be or should be all-electric by that year, nor that all existing
houses should be refitted or even that those houses with a high space-
heating load should use heat pumps. We are merely remarking that there
appear to be sound economic incentives why the domestic load should not
exceed 23 500 GWh per annum in the year 2000, and pointing out the
potential impact that resistance space heating could have. We believe
furthermore, that because of the large demands that could be made on the
energy sector as a whole, the question of space heating deserves further
investigation with, as the Friends of the Earth have asked (64), emphasis
being placed on the general criteria for thermal comfort.

Commercial and Industrial Sectors
24. The individual components of the non-domestic sector cannot be as

readily identified as those for the domestic. There are, however, excep-
tions. The major consumers buy their electricity in bulk from the NZED,
the greater part of which is for specific well-defined purposes. Again,
electricity use in the transport sector is specific. There are uncertainties, if
any, only in the commercial and minor industrial sectors. Within the
former the pattern of consumption could still, by the year 2001, be similar
to that within the domestic sector. However, as noted by the NZED: "The
general trend . . . towards increased automation of process will be a
significant if small contributor to an increased use of electricity in
commerce" (53).

25. In the case of the industrial sector, as implied in the previous
section, consumption is essentially for "fixed" purposes. That is, apart
from its use for the production of small quantities of specialist process
heat, its primary use must be in the area of plant and machinery. This
means, in particular, that any question of "saturation" hinges on the
extent to which further appliances may be used in the future. We assume,
of course, that electricity will not for economic reasons be used for the
general production of process heat. On the other hand, as with the
commercial sector, automation could be important. The NZED stated:

Analysis has shown that electricity consumption per unit of industrial output is
rising . . . This continuing trend is interpreted as being the result of the
automation of process, the increased use of plant and machinery and improve-
ments in working conditions (53).
26. In a sense this statement stresses that the mode of consumption is

not well identified. However, the NZED has also shown for past patterns
of consumption (excluding the large forest-based and metal-smelting
industries) that there is a strong relationship between the rate of growth of
electricity consumption in the non-domestic sector and the rate of growth
of real GDP. This is shown in figure 8.2. A mathematical model using the
data from 1958 to 1976 has been developed to fit this relationship, and the
fit is good (53). This model is discussed in detail in appendix C and
considered again later in this chapter.

27. The nature of the model, and the data in figure 8.2 on which it is
based, are such that for a constant rate of change in real GDP the rate of
growth of electricity in the non-domestic sectors, excluding the large
industries, decreases with time, the change being in fact about 0.12
percent a year. That is, for example, for a growth rate of real GDP of 4
percent a year for all years, the model gives the present (1978) growth rate
for electricity at 6.6 percent but 7.8 percent for 1968. If the model should
be applicable to future growth patterns, then for the same rate of change
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of GDP, the corresponding growth rate of electricity will be 4 percent by
2001, implying a saturation level, that is zero growth, in about 60 years.

28. Higher and lower rates of change in real GDP give higher and lower
growth rates for electricity, and again since the rate of change of real GDP
actually fluctuates from year to year, so does electricity consumption.
Table 8.5 gives predictions on this model for the year 2000, corresponding
to the requirements of 6500 GWh (including an anticipated 10percent for
transmission losses) in the year 1976 for the non-domestic sector (exclud-
ing the large forest-based and metal-smelting industries).

Figure8.2
PERCENTAGE MOVEMENT IN NON-DOMESTIC ELECTRICITY CONSUMPTION* (Et)

AND REAL GROSS DOMESTIC PRODUCT (GDP)

29. Whether the model will still be valid by the year 2001 is of course
questionable. However, table 8.5 does give an indication on past patterns
of behaviour of the sensitivity of electricity growth to changes in the rate of
growth of real GDP. As a reference point, the OECD has implied that for
about the next decade the average rate of economic growth in New
Zealand could be in the range 3.3-3.5 percent a year (69).

30. If we assume that the ratios implicit in table 8.1 are still relevant to
the year 2000, then for a 3.5 percent rate of change of real GDP ayear, we
would expect from table 8.5 that for the year 2000 the major industries
would consume 15 500 GWh, transmission losses included. This is, of
course, a completely arbitrary assumption and is merely applying the
same model to the forest-based and metal-smelting industries as to the


