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Abstract
Widespread anxiety about long term oil prices coupled with concerns about the effect of a carbon price on energy costs, has led to research into alternative energy sources such as wind and tidal power, electric vehicles, fuels from algae and waste, and fuels from biomass.  The biomass option, particularly from trees, has attracted considerable interest in New Zealand.  In this paper we use a general equilibrium model of the New Zealand economy to investigate the macroeconomic and industry impacts of using trees to produce liquid bio-fuels for use in transportation.  We find that cost of biofuels is likely to make them uncompetitive against oil, although there are circumstances where the savings associated with lower carbon emissions outweigh the relatively high production cost of biofuels.  
The general equilibrium analysis presents an interesting illustration of how something that is productively inefficient can nonetheless lead to an increase in economic welfare if externalities are properly internalised and there is an improvement in allocative efficiency. 
* Adolf Stroombergen is with Infometrics.  Peter Hall is with Scion. Paper presented by Adolf Stroombergen.
CONTENTS

11.
Introduction


22.
Methodology


43.
Biofuels from Purpose Grown Forestry


43.1 Introduction


53.2 Modelling Results


184.
Conclusions and Further Research


20Glossary


21Appendix A: PGF Ethanol Costs


22Appendix B: PGF Biodiesel Costs


23Appendix C: The ESSAM General Equilibrium Model




Acknowledgement

This research was commissioned by Scion, with funding from the Foundation for Research, Science and Technology, as part of Scion’s Bioenergy Options for New Zealand project.   
1. Introduction

With widespread anxiety about long term oil prices and availability, coupled with concerns about climate change, New Zealand’s forestry research institution Scion have sought to investigate the options for producing biofuels for transport from forest that is grown specifically for the production of biofuels.  We refer to this as Purpose Grown Forestry (PGF).

This report uses the ESSAM general equilibrium (GE) model of the New Zealand economy to analyse the economy-wide effects of PGF biofuels – either ethanol or biodiesel.  We examine the case for these PGF biofuels under a range of alternative assumptions about the price of oil, the price of carbon, the price of agricultural products and cost of manufacture. 

New industries for the production of ethanol and biodiesel are incorporated into the model, with data being provided by Scion.
   In most of the scenarios examined the cost per MJ of PGF biofuel is more than the cost of petrol or fossil diesel.  It is therefore assumed that regulatory intervention in the form of mandatory blends is used to force consumption of biofuels up to some exogenously imposed constraint that is determined by the amount of land devoted to PGF and its productivity in terms of biomass delivered. 

The model estimates the effects of the various bio-energy scenarios on the allocation of resources in the economy, the terms of trade, our international competitiveness and so on, and through these variables the effect on measures of economic welfare such as the standard of living of households.

2. Methodology

We begin with a ‘business as usual’ (BAU) scenario which represents a picture of the economy in 2050/51.  This long time horizon is required to allow for a fully rotational plantation forest to be established.

It is important to stress that the BAU is not necessarily the most likely forecast of what the economy might look like.  Rather it is intended to be a plausible projection of the economy that can constitute a frame of reference against which other scenarios may be compared.  The main inputs into the model that are required to produce the BAU are as follows:

· Population and labour force

· Capital stock and total factor productivity

· Energy efficiency and electricity generation mix

· Carbon price

· Oil price

· Balance of payments

More detail on these input is available from the author on request. 

Given the BAU, the model is then ‘shocked’ with a number of bio-energy scenarios, described in the following section.  The model then converges to a new equilibrium.  In all scenarios the following macroeconomic closure rules apply:

1. Total employment is held constant, with wage rates being the endogenous (generated by the model) – equilibrating mechanism.  While employment may be more variable than wage rates in the short run, in the medium term the nature of the labour market and employment law in New Zealand mean that how the economy adjusts to a price on carbon is more likely to affect wage rates than employment.  

2. Total capital stock (plant, equipment, buildings etc) is held constant at the BAU level.  The alternative closure rule is to hold the rate of return on capital constant, with capital stock being endogenous.  Given the long time horizon, we prefer to isolate the effects of biofuels on allocative efficiency rather then have them confounded by the effects of changes in the size of the nation’s capital stock.  

3. The balance of payments is a fixed proportion of nominal GDP, with the real exchange rate being endogenous.  This means that any adverse shocks are not met simply by borrowing more from offshore, which is not sustainable in the long term.  Relaxing this constraint would mean that in the long term New Zealand could run a larger external deficit than it other wise would – not a view likely to be shared by foreign lenders and investors.   

4. The fiscal surplus is held constant at the BAU level, with personal income tax rates being endogenous.  This rule prevents the results from being confounded by issues around the size of government.  If for example the government was to forego petroleum excise tax on locally produced ethanol (though we do not assume that), it would need to make up the potential revenue short-fall in some other way.

Taken together the closure rules as specified above enable us to analyse the effects of various bio-energy scenarios on the allocation of resources in the economy, the terms of trade, our international competitiveness and so on, and through these variables the effect on measures of economic welfare.

The following model limitations should be noted:

· Aggregation bias – All industries in the model represent aggregations of companies, products and processes, but even with 53 industries, aggregation bias remains.  For example we cannot distinguish between the production of fertilizer and paint in the Chemicals industry.  

· Lumpiness in production – The model assumes that small increments and decrements in production are possible.  For industries that are dominated by a single plant dependent on economies of scale this could be unrealistic, especially with respect to increments in output.  

· Pricing – Being an ‘equilibrium’ model, unless specifically altered, industries must price their output at the average cost of production, including a return to capital.  There are no long run economies of scale so marginal costs equal average costs. 

· Costs of Resource Re-Allocation – The model looks at the situation after resources have been reallocated in response to changes in relative prices and changes in policy.  It does not measure transition costs

Note also that although scenarios are run as ‘shocks’ relative to the BAU, it is implicitly assumed that the various policies are implemented early enough for the economy to reallocate labour and investment in response to new price signals.

3. Biofuels from Purpose Grown Forestry

3.1 Introduction

Based on an average New Zealand price of petrol over recent years of $0.96/l prior to taxes and levies, the figures supplied by Scion (see Appendix A) show that the cost of producing ethanol from purpose grown forestry (PGF) is about 3.1 times more expensive per unit of delivered energy.  Compared with the model’s base year of 2005/06, the price factor is about 3.8, with the rise in oil prices since then accounting for the difference.

As might be expected with this sort of price difference, incorporating ethanol in the model as a substitute for petrol at those relative prices would see a voluntary take-up rate of zero.  Hence we must assume that regulation forces ethanol to be mixed with petrol, with the motorist buying the blended product and seeing only the weighted average price.  

The model treats such a scenario as a reduction in the productive efficiency of producing petrol.  That is, instead of resources being used in exporting industries to earn foreign exchange to import petrol (or crude, with some resources being used for domestic refining), resources are diverted out of exporting industries and into forestry and ethanol manufacture.  There will be a macroeconomic welfare loss to the extent that forestry and ethanol production use the economy’s resources less efficiently than exporting industries.  Judging by the price ratio of 3.1, the opportunity cost could be significant.  However, there are a number of considerations that work in the opposite direction, and we which we pick up in the modelling:

5. The real oil price in 2050 is assumed to be US$200/bbl, not the prevailing US$80/bbl.  On it’s own that would reduce the bio-ethanol cost penalty from 3.1 to about 1.6.

6. Reducing imports of oil will raise the terms of trade, as the price of oil rises faster than the prices of other traded goods and services, relative to 2005/06.

7. At the margin there may be further gains in the terms of trade gains as exporters can no longer compete in low value products and markets.

8. If the direct plus indirect carbon content of PGF ethanol is less than that of exporting to buy and consume imported oil, New Zealand will not have to purchase as many emission rights offshore.  This allows a larger proportion of GDP to be directed to private consumption.  Given that forestry is carbon neutral, that burning oil is not, and assuming that the electricity required to produce ethanol is not met from thermal generation, a net reduction in carbon emissions seems likely.  

Points (1) and (4) above are significant, and may be sufficient to produce a net welfare gain from PGF ethanol. 

3.2 Modelling Results

Table 1 shows the main results if PGF planting is 0.8 million ha.  The first column shows the average annual percentage change relative to BAU.  It is presented purely to provide the reader with a general flavour of the characteristics of the economy in 2050/51.  As noted above, it is not intended as a best guess forecast.  

Scenario 1: BAU plus PGF Ethanol

The second column, labelled Scenario 1, shows the results of the PGF ethanol scenario, expressed as changes relative to the BAU.  This reflects the strength of the model being in comparative scenario analysis, rather than in forecasting absolute levels of economic activity over a four decade horizon.  Numbers are shown to two decimal places simply to better indicate the directions of relative differences, but the implied accuracy is spurious.

Table 1: Summary of Model Results

	
	BAU
	Scenario 1
	Scenario 2
	Scenario 3

	
	% pa on
	PGF ethanol
	PGF ethanol
	PGF ethanol

	
	2005/06
	0.8m ha

Oil: US$200
	0.8m ha

Oil: US$100
	0.8m ha

Oil: US$300

	
	
	(% ∆ on BAU)
	(% ∆ on BAU

with oil at US$100)
	(% ∆ on BAU

with oil at US$300)

	
	
	
	
	

	Private Consumption 
	2.5
	0.16
	0.09
	0.22

	Exports
	2.7
	-1.50
	-1.53
	-1.51

	Imports
	3.1
	-0.33
	-0.44
	-0.27

	GDP
	2.2
	-0.43
	-0.45
	-0.42

	RNGDI
	2.6
	-0.06
	-0.12
	-0.03

	
	
	
	
	

	Terms of trade
	0.7
	0.87
	0.74
	0.96

	Real wage rate
	2.5
	0.13
	0.02
	0.22

	
	
	
	
	

	Oil (PJ)
	1.2
	-15.0
	-14.7
	-15.2

	Electricity (PJ)
	0.8
	6.9
	6.6
	7.1

	CO2e emissions (Mt)
	1.4
	-3.9
	-4.2
	-3.6

	
	
	
	
	

	Forestry gross output
	2.6
	28.9
	29.0
	28.9

	Biofuels gross output
	-
	[64.8 PJ]
	[65.5 PJ]
	[64.2 PJ]


Two measures of economic welfare are presented; real private consumption and real gross national disposable income (RGNDI).  The former is almost 0.2% higher relative to BAU, but the latter is about 0.1% lower.  Overall the effects are very small, amounting to no more than $100 per person, but the difference in directions is interesting.  Although the gain in the terms of trade is nearly 1%, which would tend to raise RGNDI, as would the reduction in remissions offshore from having to buy fewer emission permits,
 there is a reasonably strong decline in GDP (0.4%) that offsets these favourable effects.  GDP falls because the production of PGF ethanol has lower productive efficiency than exporting industries. 

Nevertheless despite the loss in productive efficiency, private consumption (household spending) rises slightly through fewer resources being needed for exports because of the favourable terms of trade effect (which is a change in allocative efficiency) and the reduction in offshore payments for emission permits. 

With lower exports it is not surprising that agricultural output is less than in the BAU, although the changes are less than 2%, so there is certainly no absolute decline in agricultural output relative to 2005/06 – refer Table 2.  All agricultural industries display a greater reduction in land use than in output, implying a (small) shift to more intensive farming.  In absolute terms the largest agricultural land use change occurs in sheep and beef farming, where 0.11 million ha is no longer farmed.

Table 2: Scenario 1 - Changes in Agricultural Output

	
	Output

(% ∆ on BAU)


	Land Use

(% ∆ on BAU)
	Land Use

(∆ million ha on BAU)

	Horticulture and fruit growing
	-1.7
	-1.9
	-0.01

	Sheep, beef & mixed cropping 
	-1.1
	-1.2
	-0.11

	Dairy cattle farming
	-0.9
	-1.2
	-0.02

	Other farming
	-1.6
	-1.8
	-0.01

	
	
	
	-0.16

	
	
	
	

	Regular forestry (to PGF biofuels)
	
	
	-0.22

	Land previously in scrub
	
	
	-0.46

	Total land converted to PGF
	
	
	-0.83


As the model has no spatial component we cannot infer that all of the 0.11 million ha moves from directly sheep and beef into forestry.  Only net changes are shown.  Some dairy land could shift into sheep and beef farming, with more of the lowest grade sheep and beef land shifting into PGF. 

There is also some shift of land out of ‘regular’ forestry and into PGF.  In reality of course this not so much a change in land use as a change in end use of the forest harvest.  Although the Scion analysis assumes no such substitution, this is difficult to do in a general equilibrium model – both conceptually and practically. 

In partial equilibrium analysis it is standard to assume that the rest of the economy is unaffected by, and has no feedback effects on one’s particular area of interest.  For small scale projects such as a few megawatts of wind generation this is reasonable, but 0.8 million hectares of forestry is nearly half the amount of land currently in plantation forest.  It is not a small event.  Indeed that is why a general equilibrium analysis is being used to complement Scion’s analysis.

The model tells us that, given certain costs and prices, some regular forestry is better used for biofuels than for sawn timber, paper etc.  Inferior trees, younger trees, and trees planted in slow growth areas (such as Canterbury) might be better directed into biofuel production.  Preventing the ESSAM model from re-directing output in this manner would essentially render the general equilibrium analysis superfluous.  

We return to the land use issue in Scenario 7.

Scenarios 2 and 3: PGF Ethanol under a Different Oil Price

Scenario 2 shows the effect of producing PGF ethanol if the oil price is halved to US$100/bbl.  Conceptually, if the real oil price is lower the relative resource cost of producing PGF ethanol is higher – as shown in the table below.  Thus we would expect to see smaller positive or larger negative effects than observed in Scenario 1.  

Ratios of producer price of PGF
ethanol to producer price of oil
for various oil prices

	Oil price (US$/bbl)
	Price Ratio

	100
	3.0

	200
	1.6

	300
	1.1


The results are shown in Table 1. Note that for this scenario they are expressed relative to a BAU re-run with the lower oil price in order to prevent the welfare effect of producing PGF ethanol being confounded by the welfare effect of a change in the oil price.  
As expected the changes in real private consumption and RGNDI are lower than in Scenario 1 by about 0.07 percentage points.  Under a lower oil price a switch away from oil to PGF ethanol has a smaller beneficial effect on the terms of trade.  This negatively affects both private consumption and RGNDI. 

The overall level of private consumption is always going to be higher, the lower the oil price, but the value of oil substitutes is less, the lower is the oil price.  If productive efficiency was the only relevant metric, no oil substitute that cost more than oil (per unit of energy) would ever represent a good use of resources.  But a price on carbon, which effectively reduces the productive efficiency penalty, coupled with favourable allocative efficiency effects via the terms of trade, means that more expensive oil substitutes could deliver a welfare gain.  As parameterised above, PGF ethanol does raise private consumption, but not RGNDI. 

Scenario 3 is the mirror image to Scenario 2, with the oil prices raised by US$100 to US$300/tonne.  As expected the results are large symmetrical to those in Scenario 2.  Private consumption shows a rise of 0.22%, but the effect on RGNDI is still net negative, albeit very marginal.

There is a second order effect on the PGF ethanol industry, with output slightly lower than in Scenario 1. This is attributable to the income effect of higher oil prices.  The opposite effect occurs in Scenario 2.

Scenario 4: BAU plus PGF Biodiesel

An alternative to the use of biomass produced from 0.8 million ha of forestry is to produce biodiesel instead of ethanol.  Scion have made some assumptions about the cost of producing biodiesel versus ethanol, as given in Appendix B, although they caution that these assumptions may not be robust.  The annual yield is 69.5 PJ, just above the 64.8 PJ obtained under the ethanol scenario. 

The cost of PGF biodiesel is $1.975/litre.  The recent average price of fossil diesel was $1.05/l prior to taxes and levies, so PGF biodiesel is about 1.9 times more expensive than fossil diesel.  This ratio is considerably less than that for ethanol, suggesting that the loss in national productive efficiency should also be less.

In fact, as shown in Table 3, the reduction in GDP is virtually the same as in Scenario 1 and the welfare effects are more negative.  Private consumption falls by 0.03% compared to a gain of 0.16% in Scenario 1, and RGNDI falls by 0.08% compared to a fall of 0.06% in Scenario 1. 

Table 3: Summary of Model Results

	
	Scenario 1
	Scenario 4

	
	PGF ethanol
	PGF biodiesel

	
	0.8m ha

Oil: US$200
	0.8m ha

Oil: US$200

	
	(% ∆ on BAU)
	(% ∆ on BAU)

	
	
	

	Private Consumption 
	0.16
	-0.03

	Exports
	-1.50
	-1.23

	Imports
	-0.33
	-0.12

	GDP
	-0.43
	-0.45

	RNGDI
	-0.06
	-0.08

	
	
	

	Terms of trade
	0.87
	0.77

	Real wage rate
	0.13
	-0.05

	
	
	

	Oil (PJ)
	-15.0
	-15.9

	Electricity (PJ)
	6.9
	4.4

	CO2e emissions (Mt)
	-3.9
	-4.1

	
	
	

	Forestry gross output
	28.9
	27.8

	Biofuels gross output
	[64.8 PJ]
	[69.5]


Judging by the effects on private consumption when the oil price is raised in the ethanol scenario, the biodiesel scenario would generate a lift in private consumption if the oil price was about 25% higher.

Notwithstanding the increasing proportion of diesel cars in household consumption, diesel is used primarily by industry.  This means that a higher (bio-) diesel price has a bigger negative effect on international competitiveness than a higher price for petrol that is blended with ethanol.  Thus some of the country’s most productive industries are relatively worse off.

A smaller proportion of the total diesel supply is imported than of the total petrol supply.  As diesel is also cheaper (per MJ), the gain in the terms of trade from importing less diesel is smaller than from importing less petrol – the difference is 0.1%. (Lower crude oil imports are common to both scenarios.) This has a downward effect on both private consumption and RGNDI.

Overall, the differences between the ethanol and biodiesel scenarios are very small. Neither delivers a marked gain or loss in national economic welfare relative to the BAU, although ethanol has the edge with its positive change in private consumption. 

It is important, however, not overlook the effect of the macroeconomic closure assumptions.  The total level of factor inputs was deliberately held constant so that the pure effects on national allocative and productive efficiency from producing PGF biofuels could be understood – which is where the strength of the model lies. 

However, we may infer from the changes in real wages shown in Table 1 that altering the labour market closure rule from fixed employment to fixed real wages would increase employment in Scenario 1, but reduce employment in Scenario 4, further promoting PGF ethanol over PGF biodiesel.  This is useful knowledge as it means that if there is uncertainty about the correct form of the labour market closure rule, it does not reverse the sign of the welfare effect between ethanol and diesel.   

Scenario 5 and 6: Larger Scale PGF Ethanol

Scenario 5 is specified identically to Scenario 1 except that the scale of PGF plantation is increased from 0.83m ha to 3.47m ha.  

Scion’s calculations assume that ethanol production is linearly scalable, so the increase in planted area of 318% leads to an equivalent increase in ethanol production.  For this scenario we also assume a constant per unit cost, but arguably there may be economies of scale.  We look at this in Scenario 9.  On the other hand, the cost of land may rise – the 0.83m ha scenario is estimated to use mostly scrubland, but 3.5m ha of forestry is likely to entail some substitution of agricultural land and/or timber-based forestry.  

If the whole 3.5m ha is used for ethanol it would displace more than 100% of the anticipated demand for petrol.  Thus we assume that some PGF is used to produce biodiesel instead of ethanol.  Out of the 3.5m ha, about 1m ha is used for biodiesel.

Table 4 shows the results with Scenario 1 repeated for convenience.  

Private consumption rises by 0.43%, equivalent to about $240 per person in current prices.  This is largely driven by the better terms of trade, but there is no escaping the reduction in national productive efficiency.  Relative to Scenario 1 the rise in private consumption is larger by a factor of 2.7, but the loss in GDP is larger by a factor of 4.3, as increasingly more productive resources move into the  production of PGF bio-fuels. 

Table 4: Summary of Model Results

	
	Scenario 1
	Scenario 5
	Scenario 6

	
	PGF ethanol

0.8m ha
	PGF ethanol

& biodiesel
	As in Scenario 

4 with higher

	
	Oil: US$200
	3.5m ha

Oil: US$200
	carbon price

	
	(% ∆ on BAU)
	(% ∆ on BAU)
	(% ∆ on BAU*)

	
	
	
	

	Private Consumption 
	0.16
	0.43
	0.74

	Exports
	-1.50
	-5.80
	-6.31

	Imports
	-0.33
	-1.05
	-0.68

	GDP
	-0.43
	-1.86
	-1.97

	RNGDI
	-0.06
	-0.33
	-0.09

	
	
	
	

	Terms of trade
	0.87
	3.51
	3.75

	Real wage rate
	0.13
	0.41
	0.52

	
	
	
	

	Oil (PJ)
	-15.0
	-63.0
	-64.2

	Electricity (PJ)
	6.9
	25.6
	25.3

	CO2e emissions (Mt)
	-3.9
	-16.2
	-17.0

	
	
	
	

	Forestry gross output
	28.9
	118.2
	114.5

	Biofuels gross output
	[64.8 PJ]
	[270.7 PJ]
	[270.7 PJ]

	
	
	
	


*BAU with higher carbon price

There is a considerable fall in emissions which leads to a reduction in net factor payments offshore which, while attenuating the fall in RGNDI, is not enough to reverse it given the reduction in GDP.

This raises a question though about the sensitivity of results to the carbon price.  It was noted above that the price on carbon has an analogous effect to an increase in the relative productive efficiency of biofuels as it effectively internalises an externality produced by other industries, particularly agricultural methane emissions.  Thus in Scenario 6 the price of carbon is raised by 50% – with a fairly dramatic effect.  While RGNDI is still negative because the cost of emission permits is higher, the gain in private consumption rises to 0.74%, or about $410 per person.

Table 5 shows the estimated impacts on agricultural production, agricultural land use, and how the 3.5 million ha is obtained.  

Table 5: Scenario 5 - Changes in Agricultural Output

	
	Output

(% ∆ on BAU)


	Land Use

(% ∆ on BAU)
	Land Use

(∆ million ha on BAU)

	Horticulture and fruit growing
	-6.8
	-7.5
	-0.04

	Sheep, beef & mixed cropping 
	-4.2
	-4.6
	-0.42

	Dairy cattle farming
	-3.5
	-4.4
	-0.08

	Other farming
	-6.4
	-7.2
	-0.06

	
	
	
	-0.59

	
	
	
	

	Regular forestry (to PGF biofuels)
	
	
	-0.98

	Land previously in scrub
	
	
	-1.92

	Total land converted to PGF
	
	
	-3.48


As discussed with regard to Scenario 1, there is some re-direction of the BAU forest harvest out of traditional uses and into biofuels.  At about 28% (1 million ha) this makes a sizable contribution to the assumed 3.5 million ha in PGF.  To put this in perspective, in the model’s base year (2005/06) an estimated 1.85 million ha was in exotic plantation forestry.  In the BAU this rises to about 2.2 million ha. 

Also as in Scenario 1 some PGF land comes out of agriculture.  Total land used in agriculture falls by 0.59 million ha, most of which is removed from sheep and beef farming.  As before this is a model-endogenous result, stemming from general equilibrium effects that lead to less demand for agricultural output (and thus for agricultural land) for exports, not from any input assumption about which land will be used for PGF.   

Scenarios 7 and 8: Focus on Agriculture

Scenarios 7 and 8 look in more detail at how agricultural parameters affect the case for biofuels.  In particular, how does the case for PGF biofuels look if more land is lost from sheep and beef farming than occurs in Scenario 5, or if agricultural commodity prices are lower than envisaged in the BAU?

Scenario 7: Decline in Sheep and Beef Production

In Scenario 5 the model assumes that there is sufficient scrubland available at a cheap enough cost to convert at least 1.9 million ha into PGF.  In the ESSAM model any amount of land can theoretically be brought into use in agriculture or forestry, but there is a cost associated with doing so.  For small changes in land use this works reasonably well, but when dealing with changes of several million hectares this structure is probably unrealistic.  

In an associated paper by Todd et al (2009)
 only 0.23 million ha of scrubland is converted to PGF, with the difference coming from ready conversion of land used for sheep and beef farming.  Todd et al also assume, in line with Scion, that no current forest is used for biofuels production.  The consequent demand for agricultural land leads to a reduction in the livestock population of 38% in the 3.5 million ha scenario, which is effectively a loss in beef and sheep meat production.  

In Scenario 7 we re-run Scenario 5 but force the model to reduce its use of scrubland from 1.9 million ha to around 0.23 million ha, and use sheep and beef land instead.  

This is conceptually a different issue from the use of existing forestry land for biofuels.  That is essentially just a change in the destination of forestry output, whereas the use of agricultural land for PGF is a question of the land-use elasticity of substitution.  Accordingly we simulate more use of sheep and beef land (and less use of scrubland) by raising the elasticity of substitution, with the loss in sheep and beef output being manifested in lower meat exports. 

The model generates a fall in sheep and beef output of 23% relative to BAU, less than the 38% in Todd’s analysis, although the latter is anchored on 2007 output while the ESSAM model is projected to 2050, with some increase in production being anticipated over the interim.  The land composition of the 3.5 million ha is as follows:

	Land from agriculture
	-2.31 (of which 2.11 from sheep & beef)

	Regular forestry (to PGF biofuels)
	-0.94

	Land previously in scrub
	-0.22

	Total land converted to PGF
	-3.47


The macroeconomic results (refer Table 6) are sharply down on Scenario 5, with private consumption 0.4% lower and RGNDI 1.0% lower than in the BAU.  Were it not for the greater reduction in GHG emissions (less methane from agriculture), which reduces the need to purchase international emission permits, the welfare measures would decline even further.

These results add an interesting dimension to the bio-energy debate.  In Scenario 5 there is a rise in private consumption even though some land switches out of sheep and beef farming (and very small amounts out of other types of farming).  If, however, a large amount of sheep and beef production is displaced, the change in private consumption turns negative.  This is not because domestic meat prices rise as a result of lower supply – there is more than enough supply for the domestic market.  The welfare loss is due to the reduction in export earnings.  Beyond some point the gain from using the nation’s resources to produce PGF biofuels instead of agricultural exports (and using the export earnings to import oil) becomes negative.  That is, the opportunity cost in terms of lost agricultural production becomes too high. 

Todd et al point out, however, that their (Method 1) analysis may over-estimate the degree to which land use would change from sheep and beef into PGF for a land rent (assumed by Scion) of up to $280/ha per annum.  Their Method 2 suggests that a much smaller amount of land would shift out of sheep and beef farming.  Furthermore the available scrubland is estimated at 1.19 million ha (presumably including Manuka and Kanuka) – rather more than the 0.23 million ha that converts in Method 1, although still well short of the 1.9 million ha in Scenario 5.

Given the uncertainty about: the value of the elasticities of substitution between land used for scrub, forestry and sheep & beef farming, what the relative profitability of sheep and beef farming might be in 2050, and how much scrubland is actually potentially available for PGF and at what cost; we retain the model’s agricultural and forestry production functions for the other scenarios examined below.  Readers should nonetheless note that to the extent that the model under-estimates the switch of land out of sheep and beef farming and/or over-estimates the potential to convert scrubland to PGF, the macroeconomic welfare effects will be positively biased.

Table 6: Summary of Model Results

	
	Scenario 5
	Scenario 7
	Scenario 8

	
	PGF ethanol

& biodiesel
	As in Scenario 

5 with more  
	As in Scenario 

5 with lower

	
	3.5m ha

Oil: US$200
	sheep & beef land conversion 
	food prices

	
	(% ∆ on BAU)
	(% ∆ on BAU)
	(% ∆ on BAU*)

	
	
	
	

	Private Consumption 
	0.43
	-0.38
	0.38

	Exports
	-5.80
	-6.46
	-5.89

	Imports
	-1.05
	-3.28
	-1.05

	GDP
	-1.86
	-1.81
	-1.92

	RNGDI
	-0.33
	-0.97
	-0.37

	
	
	
	

	Terms of trade
	3.51
	1.56
	3.53

	
	
	
	

	Oil (PJ)
	-63.0
	-63.6
	-64.3

	Electricity (PJ)
	25.6
	25.9
	25.8

	CO2e emissions (Mt)
	-16.2
	-21.3
	-17.3

	
	
	
	

	Forestry gross output
	118.2
	119.9
	111.2

	Biofuels gross output
	[270.7 PJ]
	[273.3 PJ]
	[270.7 PJ]


*BAU with lower world food prices

Scenario 8: Lower World Prices for Agriculture and Food

A related issue that could affect the case for PGF biofuels is the price of agricultural commodities in the world market.  In Scenario 8 world prices for dairy, meat, horticulture, fish and processed food products are all reduced by 20%.  The aim of the scenario is to ascertain whether the economic case for PGF biofuels is enhanced under poorer returns from exporting agricultural and food products.  In other respects the scenario is specified identically to Scenario 5.  Table 6 shows the results. 

Ignoring the second decimal place, which again is not really significant, the macroeconomic results are the same as in Scenario 5.  One might have expected a more favourable result for biofuels under lower world food prices as the cost of importing oil is effectively higher through the terms of trade effect.  However, consider the following:

9. The change in national productive efficiency from producing biofuels is not affected by lower world agricultural prices, so the change in GDP (relative to a BAU with lower world food prices) must be much the same as in Scenario 5.  

10. As the amount of biofuels production is fixed by assumption, the change in emissions and hence the change in the cost of international emission permits must be the same as in Scenario 5.  

11. While the level of the terms of trade is lower with lower food export prices, this does hardly affects the change in the terms of trade when imports of oil are reduced.  

The last point is not obvious.  Lower terms of trade caused by lower world food prices restricts the country’s importing ability, leading to a small increase in the share of imports accounted for by oil (crude, plus refined petrol and diesel) – from 4.6% to 4.8%, as demand is relatively inelastic.  However, this change is not sufficient to noticeably boost the gain in the terms of trade from displacing imported oil by PGF biofuels.  

In the base year 2005/06, oil accounted for 6.8% of the total import bill.  Rising fuel efficiency and higher demand for more income-elastic imports such as financial and travel services, and foreign foodstuffs, account for the declining share of oil over time.

Ironically, the pursuit of energy efficiency in the transport fleet reduces the relative economic benefit of displacing imported oil by domestically produced ethanol and biodiesel.  This is analogous to the economic case for more efficient space heating – the better a house is insulated, the weaker the relative economic gain from switching out of say electric fan/convection heaters and into heat pumps. 

In Scenario 8 the change in gross output of the Forestry industry is slightly smaller in proportionate terms than in Scenario 5 simply because output is somewhat higher prior to PGF being established.  That is, with lower prices for agricultural and food exports, forestry exports are in a more competitive position.  

Scenario 9: Lower Costs of PGF Biofuels Production 

Scion have supplied a scenario that contains a number of productivity improvements over those examined above.  Briefly, 100% self-sufficiency in electricity from the use of lignin (in ethanol production), an increase in biomass per hectare, and a yield gain in terms of litres of ethanol and biodiesel per tonne of biomass.
   Details are provided in Appendices A and B, and the results are shown in Table 7.

Greater productive efficiency in PGF biofuels is immediately evident in GDP, which falls by 1.5% compared to 1.9% in Scenario 5.  However, the composition of GDP also changes.  Recall that the model simulates a regulatory regime that forces the blending of ethanol with petrol – in proportions of 100%-0% respectively.  (The fossil diesel - biodiesel blend is less.)  In effect this enables the bio-fuels industry to bid up input prices which draws resources away from other industries, in particular export industries.  Greater productivity in PGF biofuels, such as in Scenario 9, means that this effect is ameliorated.  Accordingly exporters regain some lost international competitiveness and are able to sell more product – effectively transferring some of the benefit from greater productivity in New Zealand to foreign consumers.  There is a concomitant small reduction in the favourable terms of trade effect from substituting biofuels for imported oil, and hence a smaller lift in private consumption.

In contrast, the fall in RGNDI is not as severe in Scenario 9 where the change is only -0.04%, compared to -0.33% in Scenario 5.  

A smaller increase in forestry output is evident as less biomass (tonnes or cubic metres of wood) is required to produce a litre of biofuel.  

Table 7: Summary of Model Results

	
	Scenario 5
	Scenario 9
	Scenario 10

	
	PGF ethanol 

& biodiesel
	As in Scenario

5 with higher
	As in # 5 with 
↑ productivity, 

	
	3.5m ha


	productivity in PGF biofuels
	higher oil & carbon prices

	
	(% ∆ on BAU)
	(% ∆ on BAU)
	(% ∆ on BAU)

	
	
	
	

	Private Consumption 
	0.43
	0.38
	0.81

	Exports
	-5.80
	-5.02
	-5.44

	Imports
	-1.05
	-0.55
	-0.06

	GDP
	-1.86
	-1.48
	-1.53

	RNGDI
	-0.33
	-0.04
	0.29

	
	
	
	

	Terms of trade
	3.51
	3.17
	3.56

	
	
	
	

	Oil (PJ)
	-63.0
	-63.0
	-63.0

	Electricity (PJ)
	25.6
	0.2
	0.1

	CO2e emissions (Mt)
	-16.2
	-16.3
	-16.1

	
	
	
	

	Forestry gross output
	118.2
	69.5
	64.8

	Biofuels gross output
	[270.7 PJ]
	[270.7 PJ]
	[270.7 PJ]

	
	
	
	


Scenario 10: All Go for Biofuels

Our final scenario combines the various factors that promote the case for biofuels into a favourable variation of Scenario 5 that includes:

· higher oil price (US$300/bbl) as in Scenario 3

· higher carbon price (US$150/tonne CO2e) as in Scenario 6

· greater productive efficiency as in Scenario 9.

The results are also shown in Table 7 above.

Private consumption is 0.8% above BAU, or about $440 per capita.  Real gross national disposable income is $240 higher per capita.  Both consumer welfare measures change in the same direction in this scenario as the initial high cost of PGF biofuels is mitigated by enhanced productivity in biofuels production, by a higher price of oil and by a greater value on the reduction in carbon emissions from using PGF biofuels rather than imported oil. 

Indeed these three factors are more than sufficient for the price of ethanol and biodiesel at the pump to be lower than the price of petrol and fossil diesel respectively.  Thus under these conditions there should be no need to mandate a particular biofuels blend.  Private interests and national interests align.  

In contrast, in Scenario 5 (for example) private and national interests do not align.

There can be a net gain to consumers through the general equilibrium effects of changes in the terms of trade and lower net payments overseas, even if fuel is dearer at the pump.  However, while the potential may exist for regulatory measures to deliver a net welfare gain, it is by no means guaranteed.  Thorough testing with respect to different assumptions and different welfare metrics is recommended. 

Figure 1 presents a graphical summary of how Scenario 10 is built up from the other scenarios.  The line connecting Scenarios 1-3 shows how the rise in private consumption varies with the world oil price, for 0.8 million ha planted in PGF forestry and producing ethanol.  Moving from Scenario 1 to Scenario 5 illustrates the effect of increasing PGF forestry to 3.5 million ha and producing a mix of ethanol and biodiesel.  

Figure 1: Changes Private Consumption from PGF Biofuels
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Scenario 7 has the same specification, but with more land taken out of sheep and beef farming.  As noted above this causes the change in private consumption to turn negative. 

Scenario 10 can be thought of as a variation on either Scenario 5 or Scenario 3. That is:

· Scenario 3 plus PGF plantation raised from 0.8 to 3.5 million ha, producing a mix of ethanol and biodiesel, higher carbon price and greater productivity in biofuels, or;

· Scenario 5 plus a higher oil price, a higher carbon price and greater productivity in biofuels.

Results are approximately linear for small changes.  For example, imposing the Scenario 7 fall in sheep and beef output on Scenario 10, would deliver (coincidentally) about the same change in private consumption as in Scenario 5. 

4. Conclusions and Further Research

The various scenarios explored above all examine the economy-wide effects of using the nation’s resources to produce biofuels instead of producing other goods and services that are exported in exchange for imported oil. 

All scenarios assume no change in the total usage of labour and capital, which means that the economy-wide effects are entirely attributable to changes in productive efficiency and changes in allocative efficiency.  The main conclusions are as follows:

12. As long as a MJ of energy from PGF biofuels costs more than a MJ of energy from imported oil, there is likely to be a loss in national productive efficiency, reflected in lower GDP.

13. However, under high oil prices the economy benefits from an increase in the terms of trade as imports of oil fall.  In other words there is gain in allocative efficiency.

14. The production and use of PGF biofuels reduces CO2 emissions, so if there is a price on carbon New Zealand’s liability to purchase offshore emission units is ameliorated.  This generates a gain in real national disposable income. 

15. Increasing the efficiency of PGF biofuels production has a mixed macroeconomic effect.  The effect on GDP and real national disposable income is strongly positive, but the effect on private consumption is slightly negative as some of the benefit from greater efficiency is captured by foreign consumers through agricultural exporters selling goods at lower prices.

16. The results are sensitive to the oil price and to the carbon price, but are not sensitive to world agricultural food prices (which affect export revenue).

17. Differences in the economic impacts of PGF ethanol and PGF biodiesel are not substantial. 

18. Under the 3.5m ha scenario, the model suggests that there will be a loss of 0.59m ha in agricultural land, including very small amounts moving out of dairy farming and horticulture.  

19. If a substantial area of land converts from agriculture (sheep and beef) to PGF, as occurs in the first part of the analysis by Todd et al, the opportunity cost of PGF biofuels rises significantly, making a net welfare gain less likely. 

20. Our analysis shows that under the core set of prices assumed by Scion for the 3.5 million ha scenario, approximately 28% of the envisaged PGF output would actually come from re-directing forest harvest from lower value uses such as chipping and pulp into biofuels.     

21. The right combination of oil prices, carbon prices and efficiency in biofuels production can lead to biofuels being competitive with petrol and diesel at the pump, as well as enhancing consumer welfare (under both measures – private consumption and RGNDI).  This would avoid the need for regulatory intervention such as mandatory biofuels requirements which are less likely to enhance consumer welfare.

Following on from the above, there are two aspects of the case for PGF biofuels that merit further analysis:

· Owing to the uncertainty about just how much agricultural (notably sheep and beef) land might convert to PGF under various oil prices (or under different biofuel regulations), more research into land substitutability is a high priority.

· Land use substitutability is inextricably tied up with options for the forest harvest.  We have not looked at exporting some of the PGF crop as logs or pulping it instead of using all of it for biofuels production, although this may be a viable option if biofuels production turns out to be uncompetitive.  Much would depend on the degree to which New Zealand could drop up to another 90 million m3 or so of roundwood (or its pulped equivalent) onto world markets without depressing the price.  As a comparison, exports of logs and sawn timber currently average about 8 million m3 per annum out of a total harvest of around 19 million m3.  

Glossary

	Private Consumption
	Spending on goods and services by private individuals and households.  A measure of the economic standard of living of households.

	(Real) GDP
	Gross Domestic Product, defined as the total value of payments to labour and owners of capital, plus indirect taxes; equivalent to  spending on consumption goods (by households and government), plus capital goods, plus changes in stocks, plus exports, less imports. Real GDP is GDP net of price changes, relative to some base year.

	Terms of trade
	An index of export prices divided by an index of import prices, relative to some base year.  In a stylised sense, the terms of trade measures the number of kilograms of milksolids that must be exported in order to import a car.

	RGNDI
	Real Gross National Disposable Income, equal to real GDP adjusted for payments to foreigners and for changes in the terms of trade.  Another measure of economic welfare.

	MJ
	Megajoule, one million joules.  A joule is a unit of energy, equivalent to 0.278 kWh. 

	PGF
	Purpose Grown Forestry – forest grown especially for biofuel production, requiring less silviculture than forest grown for timber.

	Productive efficiency
	The technical efficiency with which inputs are used to produce outputs – ‘producing things right’.

	Allocative efficiency
	The degree to which the industrial composition of the economy reflects the use of resources where they are most valued – ‘producing the right things’.  (Being the world’s most technically efficient producer of widgets is of little value if the world does not want to buy them.)

	Exogenous / endogenous
	Models have a mix of exogenous and endogenous variables.  Values for endogenous variables are generated by the model, whereas exogenous variables require the model user to set their values.  In the ESSAM model for example, world oil prices are exogenous, but NZ electricity prices are endogenous.

	Capital Stock
	The stock of buildings, plant and equipment (and sometimes land) used by an industry to produce goods and services.

	Net Factor Payments

	Remissions or payments offshore of dividends, interest payments on debt, emission permits etc.


Appendix A: PGF Ethanol Costs
The cost estimates in the following table were calculated by Scion.  

Costs of Ethanol from Purposely Grown Forestry
(enzyme technology)

	
	$/litre
	$/MJ
	$/l/Peq
	Lower Cost Scenario $/litre

	Capex
	0.620
	0.0288
	0.925
	0.500

	
	
	
	
	 

	Feedstock
	
	
	
	 

	Grow
	0.410
	0.0191
	0.612
	0.240

	Road
	0.040
	0.0019
	0.060
	0.024

	Log
	0.270
	0.0126
	0.403
	0.184

	Transport
	0.110
	0.0051
	0.164
	0.072

	Comminution
	0.030
	0.0014
	0.045
	0.024

	Handling
	0.010
	0.0005
	0.015
	0.008

	
	
	
	
	 

	Enzymes
	0.150
	0.0070
	0.224
	0.070

	Electricity
	0.130
	0.0060
	0.194
	0.000

	Chemicals
	0.030
	0.0014
	0.045
	0.024

	
	
	
	
	 

	Fixed costs
	
	
	
	 

	Salary/Wages
	0.070
	0.0033
	0.104
	0.056

	Admin
	0.020
	0.0009
	0.030
	0.016

	R&M
	0.060
	0.0028
	0.090
	0.048

	Distribution
	0.035
	0.0016
	0.052
	0.033

	
	
	
	
	 

	Total
	1.985
	0.0923
	2.963
	1.299


The pre-tax price of petrol in 2005/06 was about $0.0243/MJ, rising to $0.030/MJ in the last quarter of 2007.
  This means that the real resource cost of PGF ethanol at the of 2007 was approximately 3.1 times the cost of petrol, per unit of energy.

The ‘Grow’ cost includes the cost of land, which varies with land quality.

Appendix B: PGF Biodiesel Costs

The cost estimates in the following table were calculated by Scion.  

Costs of Biodiesel from Purposely Grown Forestry
(gasification & Fischer Tropsch technology)

	
	$/litre
	$/MJ
	$/l/Peq
	Lower Cost Scenario $/litre

	Capex
	0.390
	0.0115
	0.371
	0.349

	
	 
	 
	 
	

	Feedstock
	 
	 
	 
	

	Grow
	0.610
	0.0179
	0.581
	0.440

	Road
	0.050
	0.0015
	0.048
	0.040

	Log
	0.400
	0.0118
	0.381
	0.031

	Transport
	0.170
	0.0050
	0.162
	0.139

	Comminution
	0.040
	0.0012
	0.038
	0.036

	Handling
	0.010
	0.0003
	0.010
	0.009

	
	 
	 
	 
	

	Enzymes
	0.000
	0.0000
	0.000
	0.000

	Electricity
	0.130
	0.0038
	0.124
	0.054

	Chemicals
	0.030
	0.0009
	0.029
	0.027

	
	 
	 
	 
	

	Fixed costs
	 
	 
	 
	

	Salary/Wages
	0.060
	0.0018
	0.057
	0.054

	Admin
	0.020
	0.0006
	0.019
	0.018

	R&M
	0.030
	0.0009
	0.029
	0.027

	Distribution
	0.035
	0.0010
	0.033
	0.031

	
	 
	 
	 
	

	Total
	1.975
	0.0581
	1.881
	1.255


The pre-tax price of diesel in 2005/06 was about $0.0255/MJ, rising to $0.0309/MJ in the last quarter of 2007.
  This means that the real resource cost of PGF biodiesel at the of 2007 was approximately 1.9 times the cost of fossil diesel, per unit of energy.

Appendix C: The ESSAM General Equilibrium Model

The ESSAM (Energy Substitution, Social Accounting Matrix) model is a general equilibrium model of the New Zealand economy.  It takes into account all of the main inter-dependencies in the economy, such as flows of goods from one industry to another, plus the passing on of higher wage costs in one industry into prices and thence the costs of other industries. 

The ESSAM model has previously been used to analyse the economy-wide and industry specific effects of a wide range of issues.  For example:

· Energy pricing scenarios

· Changes in import tariffs

· Faster technological progress 

· Policies to reduce carbon dioxide emissions

· Funding regimes for roading 

· Release of genetically modified organisms 

Some of the model’s features are:

· 53 industry groups, as detailed in the table below. 

· Substitution between inputs into production - labour, capital, materials, energy. 

· for energy types: coal, oil, gas and electricity, between which substitution is also allowed. 

· Substitution between goods and services used by households.

· Social accounting matrix (SAM) for complete tracking of financial flows between households, government, business and the rest of the world. 

The model’s output is extremely comprehensive, covering the standard collection of macroeconomic and industry variables:

· GDP, private consumption, exports and imports, employment, etc.

· Demand for goods and services by industry, government, households and the rest of the world.

· Industry data on output, employment, exports etc.

· Import-domestic shares.

· Fiscal effects.

Production Functions 

These equations determine how much output can be produced with given amounts inputs.  A two-level standard translog specification is used which distinguishes four factors of production – capital, labour, and materials and energy, with energy split into coal, oil, natural gas and electricity.

Intermediate Demand 

A composite commodity is defined which is made up of imperfectly substitutable domestic and imported components - where relevant.  The share of each of these components is determined by the elasticity of substitution between them and by relative prices. 

Price Determination 

The price of industry output is determined by the cost of factor inputs (labour and capital), domestic and imported intermediate inputs, and tax payments (including tariffs).  World prices are not affected by New Zealand purchases or sales abroad.

Consumption Expenditure 

This is divided into Government Consumption and Private Consumption.  For the latter eight household commodity categories are identified, and spending on these is modelled using price and income elasticities in an AIDS framework.  An industry by commodity conversion matrix translates the demand for commodities into industry output requirements and also allows import-domestic substitution. 

Government Consumption is usually either a fixed proportion of GDP or is set exogenously.  Where the budget balance is exogenous, either tax rates or transfer payments are assumed to be endogenous.

Stocks 

Owing to a lack of information on stock change, this is exogenously set as a proportion of GDP, domestic absorption or some similar macroeconomic aggregate.  The industry composition of stock change is set at the base year mix, although variation is permitted in the import-domestic composition. 

Investment 

Industry investment is related to the rate of capital accumulation over the model’s projection period as revealed by demand for capital in the horizon year.  Allowance is made for depreciation.  Rental rates or the service price of capital (analogous to wage rates for labour) also affect capital formation.  Investment by industry of demand is converted into investment by industry of supply using a capital input- output table.  Again, import-domestic substitution is possible between sources of supply.

Exports 

These are determined from overseas export demand functions in relation to world prices and domestic prices inclusive of possible export subsidies, adjusted by the exchange rate.  It is also possible to set export quantities exogenously.

Supply-Demand Identities 

Supply-demand balances are required to clear all product markets. Domestic output must equate to the demand stemming from consumption, investment, stocks, exports and intermediate requirements. 

Balance of Payments 

Receipts from exports plus net capital inflows (or borrowing) must be equal to payments for imports; each item being measured in domestic currency net of subsidies or tariffs.

Factor Market Balance 

In cases where total employment of a factor is exogenous, factor price relativities (for wages and rental rates) are usually fixed so that all factor prices adjust equi-proportionally to achieve the set target. 

Income-Expenditure Identity 

Total expenditure on domestically consumed final demand must be equal to the income generated by labour, capital, taxation, tariffs, and net capital inflows.  Similarly, income and expenditure flows must balance between the five sectors identified in the model – business, household, government, foreign and capital. 

Industry Classification 

The 53 industries identified in the ESSAM model are defined below. Industries definitions are according to Australian and New Zealand Standard Industrial Classification (ANZSIC).

	1
	HFRG
	Horticulture and fruit growing

	2
	SBLC
	Livestock and cropping farming

	3
	DAIF
	Dairy and cattle farming

	4
	OTHF
	Other farming

	5
	SAHF
	Services to agriculture, hunting and trapping

	6
	FOLO
	Forestry and logging

	7
	FISH
	Fishing

	8
	COAL
	Coal mining

	9
	OIGA
	Oil and gas extraction, production & distribution

	10
	OMIN
	Other Mining and quarrying

	11
	MEAT
	Meat manufacturing

	12
	DAIR
	Dairy manufacturing

	13
	OFOD
	Other food manufacturing

	14
	BEVT
	Beverage, malt and tobacco manufacturing

	15
	TCFL
	Textiles and apparel manufacturing

	16
	WOOD
	Wood product manufacturing

	17
	PAPR
	Paper and paper product manufacturing

	18
	PPRM
	Printing, publishing and recorded media

	19
	PETR
	Petroleum refining, product manufacturing

	20
	CHEM
	Fertiliser and other industrial chemical manufacturing

	21
	RBPL
	Rubber, plastic and other chemical product manufacturing

	22
	NMMP
	Non-metallic mineral product manufacturing

	23
	BASM
	Basic metal manufacturing

	24
	FABM
	Structural, sheet and fabricated metal product manufacturing

	25
	MAEQ
	Machinery and other equipment manufacturing

	26
	OMFG
	Furniture and other manufacturing

	27
	EGEN
	Electricity generation

	28
	EDIS
	Electricity transmission and distribution

	29
	WATS
	Water supply

	30
	WAST
	Sewerage, drainage and waste disposal services

	31
	CONS
	Construction

	32
	TRDE
	Wholesale and retail trade

	33
	ACCR
	Accommodation, restaurants and bars

	34
	RDFR
	Road freight transport

	35
	RDPS
	Road passenger transport

	36
	RAIL
	Rail transport

	37
	WATR
	Water transport

	38
	AIRS
	Air transport and transport services

	39
	COMM
	Communication services

	40
	FIIN
	Finance and insurance

	41
	REES
	Real estate

	42
	EHOP
	Equipment hire and investors in other property

	43
	OWND
	Ownership of owner-occupied dwellings

	44
	SRCS
	Scientific research and computer services

	45
	OBUS
	Other business services

	46
	GOVC
	Central government administration and defence

	47
	GOVL
	Local government administration

	48
	SCHL
	Pre-school, primary and secondary education

	49
	OEDU
	Other education

	50
	HOSP
	Hospitals and nursing homes

	51
	OHCS
	Other health and community services

	52
	CULT
	Cultural and recreational services

	53
	PERS
	Personal and other community services








� See in particular: Hall, P. & M. Jack (2008): Bioenergy Options for New Zealand: Pathways Analysis, Scion, Energy Group.





� This could equally be interpreted as New Zealand being able to sell more emission permits offshore if net allowable emissions are less than zero.





� Todd, M., W. Zhang & S. Kerr (2009): Competition for land between biofuels, pastoral agriculture and scrub lands, report prepared for Scion.





� Scion have suggested that even greater productivity gains could be achieved through the use of genetic engineering to increase biomass per hectare by another 5-10%.


� Source: Ministry of Economic Development Energy Data File.


� Source: Ministry of Economic Development Energy Data File.
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