WORKING PAPERS
IN ECONOMICS

DEPARTMENT OF ECONOMICS

The University of Sydney
Australia 2006




WORKING PADPERS
IN ECONOMICS

DEPARTMENT OF ECONOMICS

The University of Sydney
Australia 2006




IS MEDIUM TEMPERATURE SOLAR THERMAL
PROCESS STEAM VIABLE FOR AUSTRALIA?
SOME PRELIMINARY RESULTS

by
V.B. Hall & D.R. Mills

No. 117 November 1988

Abstract

A new solar boiler technology is shown to be financially viable (in mid-
1986 $A prices} against LPG for private industry conditions in inland New
South Wales. This conclusion could also hold against natural gas for the
Sydney region in the near future. If continuous positive net cash flow is
required by the business enterprise, then some form of loan strategy
should be preferred to up—-front purchase of the solar collector.

The technology is also shown to be economically viable for public sector
installations. Slightly longer time periods are required for positive net
present values to be obtained than for industry, and in three of the four
cases examined this was achieved before the end of the solar collector’s
first life cycle. For the fourth case, a positive net present value was
obtained when the annual energy collected was taken as 2.6 rather than

2.0 GJ per M2, The higher figure is considered realistically
representative of the more advanced version of the solar collector
currently being developed.
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IS MEDIUM TEMPERATURE SOLAR THERMAL PROCESS STEAM VIABLE
FOR AUSTRALIA? SOME PRELIMINARY RESULTS

V.B. Hall and D.R. Mills*

1. INTRODUCTION

In a recent Energy 2000 Discussion Paper, i1t was
concluded by the Australian Department of Resources and Energy
(1986, p.vii) that the major impediment facing most renewables is
a lack of economic viability. In the area of solar thermal
energy, resildential solar water heating was judged to be
currently viable, while solar water heating for industry was
considered to have short to medium-term potential. Specifically
in relation to industry (1986, p.4), it wag considered that:

"... at high production rates and current energy
prices, 1t 1s economically viable to use flat-plate and
evacuated-tube collecgors in situgtions which require
temperatures up to 80°C. Above B0 C these systems
remain workable, but become increasingly uneconomic as
system complexity increases...R & D into solar thermal
Industrial systems should focus on extending the
economically vigble temperature range from 80 C to
perhaps 120-150"C. Evacuated tube collectors are seen
to be the most 1ikely to achieve this goal”

This paper provides new results on 3he life-cycle
financlal and economic viability of "above 80°C" systems,
utilising pilot study data for a new solar steam boiler
technology. The technology is suitable forlproducing both
industrial and public sector process steam”™, and so results on
viability are presented for both sectors. The technical data used
relate to a conventional boiler installation which has been
operating for some time at the Parkes District Hospital in inland

* Department of Economics and Department of Applied Physics respectively,
University of Sydney, NSW 2006, AUSTRALIA. We wish to thank Professors John A.
Carlson and Walter J. Mead for helpful comments on an earlier draft.

1 Some prelinminary results for domestic hot water installations, based on
. this technology, have been published in Hall and Mills{1986).



New South Wales(NSW}.

The financial viability results are more relevant for an entity
operating under private sector industrial conditions, as the
underlying assumptions used reflect private sector costs. In
particular, net transfer payments from the public to the private
sector are explicitly taken into account. In contrast, the
economic viability results excluge transfer payments, reflect an
economic or social cost analysis™, and are therefore more
appropriate for representing the viability of public sector
installations. Conclusions have been derived with the assistance
of a small set of personal computer-based models, focusing on
life-cycle net present values for energy produced by solar
thermal and its closest fossil fuel competitor.

Section 2 provides summary information on the soclar
boiler technology, and key cost and fuel parameters. Section 3
presents a brief description of the evaluation methods used.
Empirical results for the industrial and public sector
installations are given in sections 4 and 5. In both sections,
analyses are presented for a case where the solar collector is
purchased and installed on an up-front basis, and for two
illustrative loan strategies. One loan strategy is based on
traditional borrowing methods, and the other on flexible
financing which tailors principal and interest payments to net
fuel savings. Major conclusions are summarised in section 6.

2. THE SOLAR STEAM BOILER TECHNQOLOGY, KEY TECHNICAL AND
COST PARAMETERS ik
&

The new medium temperature solar technold§y3 is
dirgcted at the market for thermal energy between 100°¢ and
2507C. It would therefore cover such established activities as
food processing, refrigeration, laundering, and steam heating of
buildings. We are not aware of ,any comprehensive analysis having
been done on potential markets” . For the purposes of this study
which is focused primarily on viability, it is sufficient to note
that the industrial sector would seem to provide a potentially

2 Social or economic analysis is concerned with the most efficient
allocation of resources for society as a whole, leading to optimum overall
production at lowest cost.

3 This technology has been developed by the Department of Applied Physics
at the University of Sydney. For further technical details on the evacuated
tube and other aspects of the solar collector, see Mills(1986).

b McLenhan Magasanik{1985, pp.63-68,90) have done some preliminary
snalysis -on market constraints applying to SIPH systems. One of their msajor
conclusions was that, for the forseeable future, solar's potential market
would be constrained mainly by the increased ready availability &nd low cost
of natural gas.



greater market than the public sector.

Like most solar thermal installations, the solar
collector system evaluated here is a solar/fossil fuel hybrid.
That is, solar is used as a fuel saver, and the cheapest fossil
fuel becomes the back up energy source when required. The new
collector uses a patented evacuated absorber tube in combination
with an inexpensive stainless steel parabolic mirror. The system
has no moving parts save for the mirrors, which are adjusted
manually en masse about 15 times a year. Natural two-phase
circulation 1s used for heat transfer, and on site no heat
exchanger is required because the solar collector 1is treated
simply as another boiler in parallel with existing conventional
boilers, connecting directly into the main steam distribution
lines.

The installed system cost (in mid-£986 SA) was
estimated to be $150-180 per meter squared(M™), a much lower
figure than for previous medium temperature technologies. This is
consistent with an ex-factory Erice of the industrial process
heat system of about $90 per M” in large scale production,
including 28 per cent (before tax) profit. At the Parkes site,
annuai collected energy has been estimated at 2 gigajoules(GJ)
per M”, using the current technology. Improved technology is
undeg development which could increase performance by 25 per
cent”, with 1ittle or no increase in relative cost. However, base
calculations in the current paper have been based upon current
technology because the cost of improvements is not yet certain.

Steam is used at hospitals for various purposes such as
laundering, sterilisation of instruments, and hot water heating.
At Parkes District Hospital, the laundry shuts down on weekends,
but there 1s still enough residual demand in other areas to
utilise the entire solar output. To date, the solar system output
has matched daytime demand extremely well, but has not been able
to satisfy either peak load or the whole of total annual demand.
Thus, no storage is requéred because all of the solar output can
be utilised St all times . Total annual demand is 3900 GJ of
steam at 1507C, of which 1820 GJ can be supplied from the
hospital roof.

3
5 A 200M” pilot roof-mounted array will be installed in 1988 at
Campbelltown Hospital on the outskirts of Sydney, providing a peak of 80kw to
a steam dish-drying facility five floors below. It will therefore provide data
for a more comprehensive viability study in the future.

6 Annual net fuel savings would, of course, be somewhat lower than
calculated here if a seven day week were not operated. In this context,
however, it should also be pointed out that no savings in conventional plant
have been assumed. Some savings in labour, capital cost and maintenance should
occur in actuality if the solar system were to supply a sizeable fraction of
peak load.



Both LPG and electricity have at times been used at
Parkes to satisfy the total annual demand load for steam, but as
electricity then became relatively much more costly, it has been
assumed here that the entire back-up load 1is carried by LPG at
the (mid-1986) price for that site, $8.54 per GJ.

The present LPG steam boller has a thermal efficiency
of 72 per cent, and line distribution losses are 30 per cent;
these will be virtually unchanged by installation of the array.
The solar output includes module feedline losses, SO we may
assume a 100 per cent utilisation of this energy as a first
approximation. Each GJ of solar output will, as a result, replace
1/.72 = 1.39 GJ of LPG. A conservative 15 year length of life of
the solar hot water tank has been assumed. Length of life of the
array would be considerably longer than this, but for convenience
has also been taken as 15 years.

In summary, capital and recurrent costs for inland NSW
country conditions have been taken as:

. installed solar system costs are $150-180 per 52, based on
estimated annual collected energy of 2GJ per M 5
corresponding operating and maintenance costs are $3 per M
per annum

. the cheapest competing fossil fuel is LPG, priced at $8.54
per GJ

. the LPG boiler efficiency is 72 per cent, so that each GJ of
solar will replace 1.39 GJ of LPG

3. THE EVALUATION METHOD

The accepted-procedure7 for this class of problem
involves the use of discounted cash flow methods to arrive at the
net present value (NPV) of relevant annual net cash flows (NCF)
less the installed capital cost of the solar collector(K_).
Calculations can be done in either nominal or real terms, so long
as all items in the numerator and denominator are treated
consistently.

The NPV formulation, with the right hand side wvariables
in nominal terms, can be written generally as:

N
NPV = 3 SNCF /(1 + r)" - 8K (1)
na n o

where r = nominal discount rate, n = time period (in years), and
N = number of years under consideration. The term SNCF can in
turn be expressed as:

7 Explanations of the procedure can be found in Kreith and Kreider(1978)
or in Copeland and Weston{1983)



SNCF = SCFLSV + $TAXSV - SSOPMC - SINT - SLOANRP (2)
STAXSV = t(SSOPMC + SDEPRCN + SINT - SCFLSV) (3)

where for year n, SCFLSV = savings on conventional fuel costs,
$TAXSV = tax savings out of net recurrent deductable expenses,
$SOPMC = operating and maintenance costs for solar, SINT =
interest payments per annum on borrowed funds, SLOANRP = loan
repayment instalment, t = nominal (marginal) corporate income tax
rate, SDEPRCN = depreclation deductable per annum on SKO.

Equations (1) to (3) are then used in different
specific forms, according to whether the viability analysis is
for the publiic or private sectors, according to whether the
analyst has a preference for working with right hand side
variables in nominal or real terms, and according to whether
finance is provided up-front or through some form of loan.

For an individual business egterprise operating under
private industry financial assumptions , the financilal analysis
would require:

. for up-front (or equity financed) purchase: SK_>0; r being
replaced by the nominal after-tax discount ratg, d = r{(1-t);
0<t<1l; STAXSVEO or >0; SINT = 0O and SLOANRP = O
for an installation based on borrowed funds: SK_ = 0; SINT>0
and SLOANRP>0 during the relevant repayment per?od

For the public sector (i.e. economic or social cost)
analyslis, however, r is the nominal before-tax discount rate, and
t = 0, as is $TAXSV. Settings of the remaining parameters for up-
front purchase or locan-based work are as indicated in the
previous paragraph. That 1is, SK_>0, SINT = 0 and SLOANRP = 0 for
purchase, and SKO = 0, SINT0 afd $LOANRP>0 for loan financing.

If it is preferred to conduct the analysis using
variables on the right hand side of equations (1) to (3) in real
terms, it is necessary to define real discount rates. For the
private sector case, the real after-tax discount rate, d4d', is
defined to vary with the relevant nominal before-tax rate of
return on invested funds (r), the 1ncome tax rate as defined
above, and a common escalation rate (p)} . We therefore have:

8 Recall that the industrial case 1s distinguished from the public sector
case, primarily through the deductability of expenses and assessability of
fuel savings as income for corporate income tax purposes, and hence through
the existence of positive or negative tax savings.

9 This formulation implies a constant-over-time nominal discount rate,
interest rate, tax rate, and inflation rate. Fuel prices and costs are assumed
to escalate at the common inflation rate. Differential escalation rates,
allowing in particular for fuel prices to change at different and non-constant
rates, can be incorporated into the analysis without significant difficulty



d =1r(l1l -t) (4)
and

d' = (1 +d)/(1 +p) -1 (5)

(d - p)/(1 + p)

n

Hence, equation (1) can alternatively be written in real terms
as:

N
NPV =3 NCF /(1 + da")" - K_ (6)
n=1

with NCF and its relevant components for each year n, and KO
being expressed in mid-1986 S$A prices.

The corresponding real terms expressions for a public
sector application would be:

r' = (1 +r)}/(1 + p) -1 (7)
= (r - p)/(1 + p)
and
N n
NPV =n)‘:‘1NCFn/(1 + ') - Ko (8)

The NPV figures for each year n, emanating fram q%e of
equations (1), (6) or (8) are used as the summary measures for
our empirical results presented in Figures 1 to 12. They reflect,
for each year of a solar collector 1life cycle, the net positive
and negative values resulting from LPG generated process steam
being replaced by that produced from scolar thermal ocutput.

An additional important summary measure is obtained by
calculating the present value per GJ,(PV/GJ), for solar and LPG
individually. Equations (1),(6) or (8) are therefore used here
for each of solar and for LPG, and the resulting PV figures
divided by the number of GJ produced over time up until the
period required. The PV/GJ figures for the individual fuels, as
at the end of the first solar life cycle period (i.e year 15) are
presented in Table 1.

Representative values chosen for the (financial)
parameters in equations (1),(4),(5) and (7) are consistent with
Australian experience over the past decade or so. For r,
reflecting before-tax interest rates, the values were in the
range .12 to .20, leading to r' being between .087 and .026. The
corresponding after-tax rate values for d were from .102 to .061,
consistent with d' between -.058 and .030. These figures reflect
aggregate inflation rates of 3 to 17 per cent (i.e. positive real



interest rates of 9 and 3 per cent), and a corporate income tax
rate of 49 per cent. A fixed depreciation rate of 20 per cent per
annum was chosen, allowing full write-off of the installed
capital cost after five years.

4. INDUSTRIAL SECTOR EMPIRICAL RESULTS: FINANCIAL
VIABILITY

Up-front Purchase

For up-front purchase of the solar collector from
existing equity capital, or from some other form of budgeted
corporate funds, the NPV outcomes over two life-cycles are
presented in Figures 1 and 2. Both Figures show results for the
a}ternative installed solar capital costs of $150 and $180 per
M“; the distinguishing feature being a d' of -.058 in Figure 1
and a d' of .030 in Figure 2.

Using the accepted criterion that NPV must be positive
at the end of the 1life cycle for the incremental investment to be
worthwhile, the overall conclusion from the two Figures is that
installing the new solar boiler technology is financially viable
for all four parameter sets. Negative NPV's exist for 7 to 13
years of the first life cycle, depending on the set chosen.

From the after-tax PV/GJ fuel costs for each of solar
and LPG, presented in Table 1 for the 15th (life-cycle) year, it
is clear that values differ substantially according to the
discount rate used. More importantly, however, for both discount
regimes and irrespective of the installed capital cost value
used, the PV/GJ costs for solar are well below values for LPG.
For the more expensive solar installation, for example, solar is
estimated to cost $4.14 per GJ(d' = .030) and $5.06 per GJ( 4d' =
-.058), as agalnst corresponding values of $4.80 and $10.10 for
LPG.

Traditional and Flexible Borrowing

Key additional elements affecting whether a corporation

should adopt some form of borrowing strategy are the tax
deductability of interest payments and the opportunity to achieve

- a somewhat smoother pattern of net cash flows over time.

To this end, loan periods in the traditional borrowing
case have been chosen as short as possible, consistent with
achieving sustained positive NPV's. A traditional borrowing
pattern involves a constant nominal annual repayment of principal
and interest. This has been_galculated from the "annuity
formula”, S$K_[r/1 - (1 + r} "], where T is the period chosen for
the 1loan. Yegrly interest payments are calculated on the previous
year end's reducing balance, and will therefore become steadily
smaller over time,




Under these conditions, the loan Eeriods shown in
Figure 3 for the $150 per M™ and $180 per M” installations are 8
and 9 years respectively. In Figure 4 the corresponding periods
are 10 and 12 years.It 1s evident from Figures 3 and 4 that
negative annual net cash flows in the early years can be
eliminated through use of a traditional loan with appropriately
structured length.

Results for a more flexible borrowing method, which is
also consistent with achieving sustained positive net NPV's, are
depicted in Figures 5 and 6. Under this procedure, each year's
net savings on conventional fuel use are applied first towards
payment of interest and the ‘balance goes towards repayment of
principal. Excess monies are shown to cumulate variously from 7
to 13 years onwards, and could then be applied either to purchase
of a new solar collector, or to investment ocutside the firm, or
to use in other parts of the business.

The advantage of this type of financing is that the
firm doesn't pay more than 1t otherwise would have for continuing
to use conventional fuel in any given year. It therefore helps to
overcome the payback time concerns of certain commercial firms in
Australia who would otherwise demand that the distributed solar
energy pay for itself within 2-5 years against long term
amortized conventional fuel sources. It also allows the low life-
cycle cost of solar to become immediately apparent to the
industrial process heat consumer.

5. PUBLIC SECTOR EMPIRICAL RESULTS: ECONOMIC VIABILITY

Up-front Purchase

For hospitals and other public sector institutions
installing collectors out of budgeted funds, NPV outcomes are
presented in Figures 7 and 8. Positive NPV's are recorded for
three of the four parameter sets prior to the end of the first
life cycle, so in these cases the new solar boiler technology is
clearly econcmically viable. For ths fourth set, reflecting the
higher installed cost of $180 per M~ and the higher real discount
rate of .087, installation should be regarded economically viable
at the margin, as a small positive NPV 1s achieved only if the
collector were to have a 17 year rather than a 15 year lifetime.

The corresponding 1ife cycle fuel costs in PV/GJ for
solar and LPG are presented in columns 3 and 4 of Table 1. For
the real discount rate of .026, solar's 1life cycle costs of $6.23
and $7.23 are well below LPG's $9.74. This remains the casg for a
discount rate of .087 and the installed cosg of $150 per M“.
However, for a collector costing $180 per M™, the discount rate
of .087 leads to LPG's cost of $6.47 being slightly lower than
the $6.82 for solar.
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So, while economic viability has been established for
three of the illustrative public sector parameter sets, less
favourable results were obtained for the fourth set. This
marginal case was therefore run with a somewhat higher value for
annual collected energy, in order to provide some guide as to how
outcomes might change in the forseeable future. The assumed value
of 2.6 GJ per M“ 1s 1in contrast to the base value of 2.0, but was
considered realistically representative of the technically more
advanced version of the collector currently being developed.
Results incorporating the value of 2.6 are represented by the
dashed lines in Figure 8. This leads: to positive NPV's after only
8 and 10 years for the $150 and $180 collectors, and provides a
solar life cycle cost in PV/GJ of $5.25 for $180, now comfortably
below the $6.47 for LPG.

Traditional and Flexible Borrowing

For ease of comparison, public sector loan period
lengths were initially chosen the same as for the private sector,
i.e. B and 9 years for r' = .026, and 10 and 12 years for r' =
.087.

From Figures 9 and 10 for traditional loans, it is
clear that small negative NPV's persist for a number of years.
Sustained positive NPV's can, however, also be achieved for the
public sector either by lengthening somewhat the pericd of the
traditional loan or, as shown in Figures 11 and 12, employing the
flexible borrowing method. The dashﬁd lines again reflect annual
collected energy being 2.6 GJ per M rather than 2.0.

6. CONCLUSIONS

Under representative empirical assumptions about
current technology and inland NSW fuel costs, positive
conclusions reported recently by the DRE(1986) on the economic
viability of low temperature solar thermal industsial systems
have been extended to the medium temperature (150°C) range. This
conclusion could be extended to the Sydney region in the
forseeable future, when considerably improved technology
currently being developed becomes commerclally available.

Positive NPV's for solar, and therefore life cycle
PV/GJ costs which are lower for solar than LPG, were obtained
initially for all cases save one. This case was then shown to be
viable if either the collector were to last 17 rather than 15
years or technological advances currently under development were
to be taken into account.

For a private sector enterprise, borrowing under
structured loan conditions is a more viable shorter-term strategy
than up-front purchase. The up-front purchase strategy, while
also viable in the long term, leads to negative NPV cash flows
for the earlier years. Flexible loan programs, with repayments
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linked to replaced conventional fuel costs, can often eliminate
negative cash flows in early years, thereby avoiding payback time
concerns of some corporations.

For a public sector installation, negotiating a
flexible loan would be better than either up-front purchase or a
traditional loan of the same length used by the private sector.

Finally, it should be emphasised that none of the

conclusions presented rely on any form of direct cash or tax
subsidy for installation of the solar thermal collector.
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Table 1. Industrial and Public Sector Process Steam (150°C):
Life Cycle Costs,in PV/GJ for Solar and LPG
(in mid-1986 SA)
Industrial Sector Public Sector
(after-tax S$A) {non-taxed SA)
% %k
d'=-.058 d'=.030 r'=.026 r'=.087
Year 15
Solar ($150/M2) $4.43 $3.55 $6.23 $5.82
Solar ($180/M2) $5.06 64.14 $7.23 $6.82
LPG $10.10 $4.80 $9.74 $6.47

As the values presented are for year

15, figures are the same

whether up-front purchase, traditional or flexible loan methods

are used.

*
For the assumed wvalue of 2.6 GJ per M2

for annual collected

energy, the corresponding figures are $4.48, $5.25 and $6.47.



NPV ($)

NPV ($)

NPV ($)

INDUSTRIAL PROCESS STEAM

13

UPFRONT PURCHASE
600 600
Fig. 1: d' = 0.058 Fig.2: d'=0.030
500 1 400 1
400 1 400 1
300 1 300
200 200 1
100 1 100 1
04
-100 1
-200 Y T T v
-] 10 135 20 23 10 2] 190 185 20 23 30
YEARS YEARS
TRADITIONAL LOAN
0o 600
Flg.3: &' =-0.058 Fig.4: d =0.030
300 1 00 1
00 4 400 1 _
300 4 100 4 "
100 200 4
100 4 100 1
4
'

-o— K a 130, B year losn =K n 130, 10 your loan
+100 -— K 2 100, 9 yoor loan ~100 1 =K x 180, 13 yoas loan
200 v T v -200 v T v r -

] 10 14 i0 293 o 0 10 18 20 28 10
YEARS YEARS
FLEXIBLE LOAN
620 §00
Flg.5: &' = -0.058 .
s00. 0 w0, Fig.6: &' = 0.030
4001 400
300 1 4
200 1 200 4
100 1
°.
-— K= 150 Fe— K = 130
100 4 —Kn i +100 1 >— K = 180
- v ¥ T v -200 T Y T .
mo 10 15 20 23 30 o 10 15 20 25 30

YEARS



NPV ($)

NPV ($)

NPV ($)

14

PUBLIC SECTOR PROCESS STEAM

UPFRONT PURCHASE
600 £00
500 - Fig.7: rs 0.026 300 4 Fig.8: r' = 0.087
400 1 400J

ad
rrr:;”Arr::rrrff’”rrr‘

JRPSIOTT L ediield

@ -Kn 130, 28GJ

o—Ka150, 206Gt

& —K=180,26GJ
Kz 160,20GJ

10 15
YEARS

TRADITIONAL LOAN

T T

20 3 30

600 600
200 Flg.9: r = 0.026 300 Fig.10: ¢ = 0.087
4001 4001
300 1 3001

200 1

100
0] Tambm | e prpta
o 10 s 20 2s 30 2% 10 1s 20 2s a0

YEARS YEARS
FLEXIBLE LOAN

600 600
5001 Fig. 11: r'= 0.026 5001 Fig. 12 : ' = 0.087
£00 1 400 4
300 1 300 1
2001 2001
1004 w“;“: w{ e




61.

62.

63,

64,
85,

E6.

&7.

68,

69,

70.

1.

72,

73.

4.

15.

76,

17.

78.

79.

80.
81,

8z,

83.

84.

85,

-1

87.

89.

so,

9r.
sz,

§.5

E.HM

w.P.
V.B.

.Joson

Ross

Merrilees

Bogan
Phipps

.A. Gross &
Hogan

Hall

Yates

V.B. Hall

wW.J

«< 009 n =

R.T.

.G

c
E.M.
W.P,
I.G.
F

s.K

2 ™

M.C.

W om

wW.P

Michael C,

.C.
.G.F. Simkin

G.
.G.F. Simkin

Gi1ll

-Merrilees

Blad

Yates
F. Simkin

Hall

Josen

Ross

Yates
Ross

Groenevegen

.F. Simkin
A. Groass,
Hagan &
Sharpe

Gill

. Kim
Kiernan &
. Madan
Gross
Blad &
Gross

Saunders

. Hogan

Nicholas Oulton

Blad &

Working Papears in Economics

The Gatt Agreement on Government Procuremants: Canada and Australia;
July 1982

General Report of the 1980 Survey of Work Patterns of Married Women in
the Sydney Metropolitan Region; July 1982

Pension Bensfits and the Decline in Elderly Male Labour Force
Participation; September 1982

Industry,Employment and Inflation; Qctober 1982

Australian Unemployment: Some Evidence from Industry Labour Demand
Functions; November 1982

Short Term Management of the Australian Exchange Rate, 1977-82;
December 1982

Industria}l Sector Interfuel Substitution Following the First Major 041l
Shock: January 1983

Access to Housing Finance and Alternative Forms of Housing Loans in
the 1980s; July 1963

Major CECD Country Industrial Sector-Interfuel Substitution Estimates:
1960-79; August 1583

Inegquality anpd Arbitraticn of Wages in Australia: An Historical
Perspective; December 1983

Do Wage Subsidies Stimulate Training? An Evaluation of the Craft Rebate
Schema; November 1983

Economic Policy and Catastrophe Theory: November 1983

Does Money Matter in Singapore?; April 1984

Home Purchase Aasistance for Low Income Earners; March 1984

Long-term Aspects of New Zealand‘'s External Deficlts; April 1984
Methodological Scepticism; July 1984

Industrial Sector Fuel Price Elasticities of Demand Following the First
and sSecond Major 0il Shocks; August 1284

Substitutability of ‘Buy Local’ Policy for Tariff Protection in Small
Economies; January 1985

Analysis of the 1580 Sydney Survey of Work Patterns of Married Women:
Further Results; January 1985

Discr;nination in Lending; May 1985

Measuring Underutilisation of Labour: Beyond Unamployment Statistics:
May 1985

Alfred Marshall as Professor of Political Economy at Cambridge 1885-
1908;: June 1985

Popper’'s Methodelogy and Economic Theory: July 1385

Market Information and Potential Insolvency of Australian Financial
Inatitutions: July 1985

Over-Award Payments; Result of a Survey conducted in 1982; December
1985

Short Run Policy Analysis of Employment, Food Price and Rural-Urban
Migration for a Labour-Abundant Developing Economy: January 1986
Stochastic Stability in a Rational Expectations Model of a Small Open
Economy; March 1986

A Note on the Testability of Fama's Efficient Capital Market
Hypothesis; February 1985

Multinational Producers in an Arrow-Debreu type General Equilibrium
Model; March 1987

Explaining International Differences in Public Expenditure: An
Empirical Study; August 1986

International Debt and Foreign Exchange Markets; January 1987
Union-Firm Bargaining as a Repeated Prisoner's Dilemma; January 1987



93.

94.

96.

27.

98,
99,

103.
lo04.

105,

106.

110.

111.

115.
116,

R.T.Ross

W.P. Hogan
J. Yates
B.W. Ross

F. Gill

o

.J. Phipps
.T. Roass

-]

L. Haddad

John Piggott

J.A. Carlsen &
D.W. Findlay

M. Waterson

P.D. Groenewegen

L. Ermini
G. Mills
B.W. Ross
§.5. Joson
B.W. Ross
L. Ermini
L. Ermini

P.D. Groenewegen

B. Hall, T.P. Truong &
+A. Nguyen

B, Hall, T.P. Truong &
A. Nguyen

G111l

Kingston

V.B. Hall &
D.R. Mills

Tha Heckman Procedure for Estimating Static Disaggregate Labour Supply
Functions: An Intecrnational Comparison of Eatimates for Married Women;
March 1987

Azsessing Insider Trading; June 1987

Housing Policy Reform: A Conatructive Critique; June 1987

The Leisure Factor in Entrepreneurial Success during the ‘*Robber Baron’
Era; July 1987

Determination of Wage Relativities under the Federal

Tribunal: 1953-1974: August 1987

Union Objectives, Wage Bargaining and the Phillips Curve; Octobar 1987
The Labour Market Fosition of Aboriginal People in New South Wales:
November 1987

Liat Revisited: Dynamic Consideration of Trads and Protection; November
1987

General Equilibrium Computation Applied to Public Sector Issuss:;
December 1987

Relative Prices, Wage Indexation and Unemployment; Dacember 1987

A Model of Product Differentiation and Profitability; December 1987
Taxation and Decentralisation: A Reconsideration of the Costs and
Benefits of a Decentralised Tax System; March 1988

Some New Evidence on the Timing of Consumption Decisions and on Their
Generating Process; March 1388

Spatially-Differentiated Trucking Markets: Egquilibria under Price
Regulation without Entry Restrictions; April 1988

Strategic Commltment, Unknowledge and the Nature of Entreprenuerial
Activity; April 19588 -

Offsets and Development of Defence Support Industries in:Small
Economies; April 19488

The Conglomerates and the Focussed Agglomerate: Modern Forms of the
Leader—Commanded Firm; July 1988

Inertial Behavior on Schedule and Hierarchical Decomposition;

July 1888

The Limits of Systems Control Theory in Economic Policy-Making;
July-October 1988

Neo-Classical Value and Distribution Theory: The Engliash Speaking
Pioneers: September 1988

An Australian Fuel Substitution Tax Model: ORANI-LET;

October 1988

Responses to World 01l and Coal Shocks, in an Australian

Short—Rua Fuel Substitution Tax Model:; October 1938

Social Justice and the Low-Paid Worker; October 1588

Theoretical Foundations of Constant-Proportion Portfolio Insurance;
Cctober 1988

Is Medium Temperature Solar Thermal Process Steam Viable for Australis?
Some Preliminary Results: November 1988

Copiles are available upon request from:

Department of Economics,
The University of Sydney,
N.S5.W. 2006, Australia.



L3

Working Papers in Economics -Published or Accepted for Publication Elsevhere

2. I.6. Sharpe & Journal of Accounting Research, Vol. 13,
R.G.Walker Ne.2, Autumn 197%
3. N. V. Lam Journal of the beveloping Economies, Vol. 17, No.l, March 1979
4 V.B. Hall & New Zealand Economic Papers, Veol. 10,
M.L. King 1976
5. A.J. Phipps Economic Record, Vol. 53, No. 143, September 1977
. N.V. Lam Journal of Developmeént Studies, Vol. 14, No. 1, October 1977
7. I.G. Sharpe Aystralian Journal of Management, April 197s
9, W.P. Hogan Economic Papers, No. 55, The Economic Society of Australia and Nes
Zealand
12. I1.G. Sharpe & Economics Letters, 2, (1979)
P.A. Volker
13. I1.G. Sharpe & Kredit and Kapital, Vol. 12, Ro.1l, 1979
P.A, Volker
14, W.P. Hogan Some Calculations in Stability and Inflation, A.R.Bergstrom et.al.
(eds), John Wiley and Sons, 1978
15, F. Gill Australian Economic Papers, Vel. 19, No. 35, December 1930
la, I.G. Sharpe Journal of Banking and Finance, 4, 1980
21, R,L. Brown Australian Journal of Management, Vol. 3, No. 1, April 19%7s
23. I.G. Sharpe & The Australian Monetary System in the
P.A. Volker 1970s, M. Porter (ed.), Suﬁplement te the Economic board 1978
24. V.B. Hall Economi¢c Record, Vol. 56, No. 152, March 1980
25. I.G6. Sharpe & Australian Journal of Management, October 1979
P.A. Volker
27, W.P. Heogan Malayan Economic Review, Vol. 24, No. 1, April 1979
28, P. Saunders Australian Economic Papers, Vol. 19, No. 34, June 1980
29, W.P. Hogan Economics Letters, 6 (1980)

I.G. sharpe &
P.A. Volkser
29, W.P. Hogan Economics Letters, 7 (1981)
I.G. sharpe &
P.A. Volker

30. W.P. Hogan Australian Economic Papers, Vol. 18, NO. 33, December 1979
3z, R.W. Bailey, V.B. Hall Xeynesian Theory, Planning Models, and Quantitative Economics,
& P.C.B. Phillips Vol. II, 703-767, 1987
38. U.R. Xohli Australian Economi¢ Papers, Vol. 21, No. 39, December 1982
39. G. Mills Journal of the Operational Research Society 33, (1982)
4. U.R. Kohli Canadian Journal of Economics, Vel. XV, No. 2, May 19582
42. W.J. Merrilees Applied Economics, Vel., 15, February 1983
43, P. Saunders Australian Economic Papers, Vol 20, No. 37, December 1981
45. W.J. Merrilees Canadian Journal of Economics, Vol. XV, No. 3, August 1982
46. W.J. Merrilees Journal of Industrjal Economics, Vol. XXXI, March 1983
49. U.R. Kohli Review of Economic Studies, vol. L{1l) No. 160, January 1983
50. P. Saunders Economic Record, Vol. 57, No. 159, December 1981
53. J. Yates AFSI, Commissioned Studies and Selected Papers, AGPS, IV 19582
54. J. Yates Economic Record, Vol. 538, No. 161, June 1982
55, G. Mills Seventh Australian Transport Research Forum-Papers, Hobart, 1982
56. Vv, B.Hall & Econcomic Record, Vel, 60, No. 168, March 1984
P. Saunders
57. P. Saunders Economic Record, Vol. 59, No. 166, September 1983
58, F. G111 Econcmie Appligquee, Vol XXXVII, 1984, No‘s 3-4, PpP. 523-541
59. G. Mills & Journal of Transport Economics and Policy,
W. Coleman Vol, XVI, No. 3, September 1982
60, J. Yateas Economic Papers, Special Editioen, April 1983




61,
62.
63.
65,
67.
69.
190,
71.
T4
7.
78.
79.
al.
a2.
a4,

s,

£ H X Mo R XN B S 9 E S Q» fo0 0

T m S S 3w

o H ®»n oD

Joson
Ross
Merrilees
Phipps
Hall

Hall

Gill
.J. Merrilees
Yates

Hall
Joson
Ross
Ross

Groenewegen

.M.A. Gross,
.B.
G.
P,

Hogan &
Sharpe

Hogan

Australian Econcmic Papers, Vol. 24, No. 44, June 198%5

Australian Quarterly, Vel, 56(3), Spring 1984

Economic Record, Vol. 58, No. 166, September 1983

Australian Economic Papers, Vol. 22, No.4l, December 1983

Economics Letters, 12, {1983)

Energy Economics, Vol. 8, No. 2, April 1986

Australian Quarterly, Vol. 5%, No.2, Winter 1987

Australian Economic Papers, Vol. 23, No. 43, December 1984

Australian Quarterly, Vol., 56 (2), Winter 1984

Economics Letters, 20, (1986)

Journal of Policy Modeéling, Vol. 8., No. 2, Summer 1986

Economic Record, Vol. 62, No. 178, September 1986

Australian Bulletin of Labour, Vol. 11{4), September 19835
History of Political Economy, Vol. 20{4), Winter 1988
Australian Economic Papers, Vol. 27, No. 50, June 1938

Company and Securities Law Journal, Vol. 6, No. 1, February 1988




