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Disclaimer

Although every attempt has been made to ensure that the data in this report and the

accompanying OPENZ model is estimated as accurately as possible neither Riverdale

Associates Ltd nor any employee:

(i) warrant the accuracy, completeness or usefulness for any particular purpose of data
contained in this publication or the accompanying OPENZ model;

(ii) accepts any liability for any loss or damage arising from the reliance on or use of these
data/results in this report or arising from the absence of data, contained in this publication or
the accompanying OPENZ model.

Data Accuracy/Precision

It should be noted that the data has generally been reported to two decimal places (and
sometimes up to four decimal points) in this report and in the formulation of the associated
model. This is undertaken to: (i) differentiate between the values of various options evaluated
by the optimisation model; (ii) avoid rounding errors which in this analysis could compound
due to the large number of calculations undertaken.



Executive Summary

Scope of the Report

This report outlines the nature of the OPENZ (Optimisation Energy End Use Model of New
Zealand). It is the first version of its type in New Zealand, although previous modellers have
constructed optimisation models of the New Zealand Energy System but from a supply-side
perspective. This OPENZ model differs from previous optimisation models because of its focus
on the end-use of energy in the economy, and it does this by drawing much of its data from the
EECA End-Use Database.

The initial application of the OPENZ model is to quantify the energy savings potential for New
Zealand at yearly intervals over the time period 2007 to 2026'. Specifically, three energy
savings potentials are quantified: technical energy savings potential, economic savings potential
and realisable savings potential. In addition, a realisable greenhouse gas reductions potential is
also included.

Main Features of OPENZ

OPENZ differs from previous economy-wide energy models in New Zealand in two important
respects. Firstly, OPENZ focuses on meeting the demand for end-use services such as for
example: space heating, water heating, industrial heating, lighting, motive power, refrigeration,
space cooling and so forth. In contrast, other previous models have characterised demand in
terms of delivered energy quantities (electricity, coal, natural gas). Secondly, unlike most
previous economy-wide energy models in New Zealand, OPENZ is fully technology explicit for
both energy supply and demand options. This is important as OPENZ can only determine future
energy policy options for New Zealand that are technological feasible, which is a major
advantage over existing macro-economic models that lack technological specifics and/or make
assumptions about general levels of technical improvements. Another critical feature of
OPENZ is that it is a dynamic model which provides the user with important insights into the
phasing in of new energy supply and demand technologies.

For every year, OPENZ consists of 584 technologies available for either converting energy from
one form to another or for saving energy. For each year, OPENZ will satisfy the supply of
energy end-uses, in terms of a specified objective function which reflects various energy policy
goals:

e minimisation of primary energy inputs’

e minimisation of economic cost

e minimisation of economic cost (including carbon price)

! These refer to years ending 31 March. For example, “2007 refers to the year ending 31 March 2007.

These can be measured either in terms of ‘heat units’ (which is the measurement unit commonly use by statistical agencies) or
‘heat units’ that have been adjusted for energy quality.
® The ‘energy potentials’ and ‘energy consumption’ data in the Executive Summary are enumerated in terms of primary energy
inputs, measured according to their ‘heat contents’. Measurement of energy input in terms of their ‘heat content’ is common practice
particularly by statistical agencies. However, exergy and emergy (quality equivalent) units are often used to take account of energy
quality. It should be noted that in the minimisation of ‘primary energy inputs’ for the determination of the ‘technical energy savings
potential’, we used data adjusted for energy quality by using quality equivalent (emergy) units. Refer to Appendix A for further
gdiscussion of the energy quality issue. ) o . o .
* Thhgss camPeaiRy WStk aisn iR e fdmalunisorhioh it fheBsasues B i sora o by sl ighhigs nedrsden
‘heat units’ that have been adjusted for energy quality.
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Executive Summary

e minimisation of greenhouse gas emissions

Besides the objective function, OPENZ users can either control a number of variables, or just
accept the default settings — these include: (1) GDP levels of 37 Sectors. Overall, the default
setting has the economy increasing by 48% from 2007 to 2026; (2) Amount of Natural Gas used
for Petrochemicals; (3) Size of Remaining Natural Gas fields; (3) Rebound Effects for space
heating interventions; (4) Future Carbon Prices; (5) Future Energy Prices for 11 delivered
energy types, with the remaining 8 delivered energy types bind endogenously determined by
OPENZ; (6) land available for energy biomass production; (7) Discount Rates used for the
discounted cash flows; (8) Penetration Rates for adoption of new end-use technologies; (9) the
maximum percentage of electricity that can be generated from wind — the default value is 20%.
Although all of these variables have ‘default values’ that reflect the ‘Business-As-Usual’ (BAU)
situation, it is often instructive to explore the impact of departures from the BAU default
settings such as for example increasing the price of carbon. In addition, OPENZ users can also
specify a number of policy constraints:
e Percentage of electricity being generated from renewable sources.
e Percentage of primary energy from renewable sources
e Maximum amount of CO, emissions (kilotonnes/yr) that is permitted to be produced by the
economy. This amount could be reflective of Kyoto Protocol imposed targets.

Technical Energy Savings Potential®

The ‘technical energy savings’ potential is the maximum energy that can be saved, by
employing the best available technology and energy savings measures. These ‘technologies’
and ‘energy savings’ measures may not necessarily be the most economic or commercially
viable. OPENZ determined the ‘Technical Energy Savings Potential” by minimising the amount
of primary energy input required to produce projected levels of energy end-use services. Once
the primary energy inputs have been adjusted by energy quality factors, the optimisation
(minimisation) was undertaken. The technical energy savings potential allows for a relatively
high rate of technology uptake. The following graph quantifies the result of the optimisation —
the gap between the ‘Business-As-Usual’ (BAU) and ‘Optimised’ (minimised) energy inputs, is
the ‘technical energy savings potential’:

% The ‘energy potentials’ and ‘energy consumption’ data in the Executive Summary are enumerated in terms of primary energy
inputs, measured according to their ‘heat contents’. Measurement of energy input in terms of their ‘heat content’ is common practice
particularly by statistical agencies. However, exergy and emergy (quality equivalent) units are often used to take account of energy
quality. It should be noted that in the minimisation of ‘primary energy inputs’ for the determination of the ‘technical energy savings
potential’, we used data adjusted for energy quality by using quality equivalent (emergy) units. Refer to Appendix A for further
discussion of the energy quality issue.

Riverdale Associates
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This graph shows that by 2026 it is technically possible to reduce New Zealand’s primary
energy consumption by 61%* of the projected BAU situation. The cost of doing this is
estimated to be $0607 6.55 billion/yr, which is equivalent to 2.95% of the projected GDP.
Accompanying this energy savings would also be a 15.1% reduction in energy-related
greenhouse gases from 2007 to 2026. A wide range of energy savings measures were adopted
as is outlined in the report in detail. From an end-use perspective the biggest energy savings
were in the transport sector, with an important feature of the results also being the decrease use
of electricity and the switching to the direct use of fuels (particularly natural gas) for heating
applications. In the demand sectors, OPENZ estimated 166 PJ/yr savings, in 2026 from
adopting various energy savings measures.

Economic Energy Savings Potential

The ‘economic energy savings’ potential, is the maximum energy that can be saved, by
employing the most economic means of energy supply and energy savings measures. In
OPENZ, this was determined by minimising the ‘total economic cost’ ($) which included a
modest carbon cost, and uses a discount rate of 10%. The economic energy savings potential
also allows for a relatively high rate of technology uptake. The following graph quantifies the
result of the optimisation — the gap between the BAU and optimised energy inputs, is the
‘economic energy savings potential’:

* The primary energy consumption for the ‘technical potential’ only decreases by 55% (not 61%) if measured in quality-adjusted
terms (quality equivalents/emergy units).

Riverdale Associates
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This graph shows that by 2026 Zealand’s primary energy consumption reduced by 43%° of the
projected BAU situation. This can be achieved with a very significant cost savings of an
estimated $,006107 13.58 billion/yr in 2026 — reducing the cost of energy supply in New Zealand
by 19%, achieved because OPENZ selects only the economically most efficient (least
discounted cost) means of energy supply®. However, this means a slightly increased level of
greenhouse gas emissions, as OPENZ selects the least cost means of energy supply which
doesn’t necessarily always have low greenhouse gas emissions. A wide range of energy savings
measures were adopted as is outlined in the report in detail. From an end-use perspective the
biggest energy savings were in the transport sector, with an important feature of the results also
being the increased use of coal and natural gas. Coal usage particularly increased in the
industrial sector for heating end-uses, but also recorded some increased use in the commercial
sector. The main increases in Natural Gas use were increased hot water provision and some
industrial heat applications. In the demand sectors, OPENZ estimated 124.80 PJ/yr savings, in
2026 from adopting energy savings measures.

Realisable Energy Savings Potential

The ‘realisable energy savings’ potential is the maximum energy saving that can be saved given
more ‘realistic’ assumptions about technology uptake rates than assumed in the ‘economic
energy savings potential’. Therefore, in OPENZ, the ‘realisable energy savings potential’ is
achieved by minimising ‘total economic cost’, and by assuming slower rates of end-use
technology uptake. The following graph quantifies the result of the optimisation — the gap
between the BAU and optimised energy inputs, is the ‘realisable energy savings potential’:

% The primary energy consumption for the ‘economic potential” only decreases by 30% (not 43%) if measured in quality-adjusted
terms (quality equivalents/emergy units).

% Energy supply in this context refers to supply of end-uses of energy. It does not refer to supply of delivered energy which is often
the intended meaning.

Riverdale Associates
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This graph shows that by 2026 Zealand’s primary energy consumption reduced by27%’ of the
projected BAU situation. This can be achieved with a very significant cost savings of an
estimated $,00607 10.25 billion/yr in 2026, compared with BAU cost projection. Nevertheless in
spite of these energy savings compared with BAU projection, the optimised primary energy still
increases by 6.8% over the 2007-2026 period. Natural Gas use increased primarily due to more
industrial gas use and to a lesser extent increased use of Natural Gas for cooking and water
heating in the household sector. Coal consumption increased significantly over this period,
mainly through greater use in the industrial sector. Electricity use lagged below the rate of GDP
growth. A wide range of energy savings measures were adopted as is outlined in the report in
detail, the most significant again being in the transport area. In the demand sectors, OPENZ
estimated 63.53PJ/yr savings, in 2026 from adopting various energy savings measures.

Greenhouse Gas Reductions Potential

The ‘realisable greenhouse gas reductions’ potential is the maximum greenhouse reductions that
can be achieved by making ‘realistic’ assumptions about technology uptake rates. Therefore, in
OPENZ, the ‘realisable greenhouse gas reductions potential’ is estimated by minimising
‘greenhouse gas emissions™, and by assuming ‘slow’ rates of end-use technology uptake. The
following graph quantifies the result of the optimisation:

to

" The primary energy consumption for the ‘realisable potential’ only decreases by 11% (not 27%) if measured in quality-adjusted
terms (quality equivalents/emergy) units.

8 Greenhouse gases are measured in terms of carbon dioxide equivalents, as ‘adding-up’ kilotonnes of carbon dioxide, methane and
nitrous oxide would be invalid as they have different global warming potentials. Analogously the same type of issue arises when
‘adding up’ petajoules of different types of energy, as they have different energy qualities which invalidates their simple addition
without first of all adjusting for energy quality. Hence, in this report primary energy inputs are converted to crude oil equivalents.

Riverdale Associates
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This graph shows that a considerable reduction in greenhouse gases can be achieved compared
with the BAU situation. In fact, greenhouse gas emssions actually decrease from 38,584
kilotonnes CO.e in 2007 to 35,790 kilotonnes CO.e in 2026 in spite of GDP increasing by a
projected 48% over this period. Primary energy consumption also decreases by 4.9% over this
period. However, the cost of energy supply for this optimisation increases in 2026 to $,006/07
3.88 hillion above the BAU. In other words, 1.75% of projected GDP is required to achieve this
reduction in greenhouse gases — this is broadly consistent with estimates for overseas economies
made by Nordhaus (1993a, b) and Stern (2007, 2008). One of the main features of this
optimisation is on the supply-side with increased electricity usage (in contrast to the other
optimisations reported here), with electricity only being generated from sources with no (hydro,
wind) or very low levels (geothermal) of greenhouse gas emissions. On the demand side, energy
savings measures saved 84.66 PJ/yr in 2026, remembering that some of these measures were not
necessarily ‘economic’ because of the choice of minimisation of greenhouse gases as the
objective function in this optimisation.

Detailed Database Underpins Each of the ‘Headline’ Potentials

In a sense OPENZ is not just a model, but also a database. That is, a detailed database of
technologies, energy conversion processeses and energy savings methods that can be employed
to achieve the technical, economic and realisable energy saving potentials. Care therefore needs
to taken in interpreting the ‘headline’ energy savings potential results reported in this Executive
Summary. These ‘headline’ Potentials are not just broad unsubstantiated numbers, but numbers
that are derived from a very detailed quantitative analysis of the technologies, energy
conversion processes and energy savings methods actually required for each ‘Potential’.
Readers are therefore strongly encouraged to refer to Sections 5, 6, 7 and 8 of this publication
(as well as Appendices E, F and G) to see, from a detailed engineering perspective, how each of
the energy saving potentials are designed and constructed.

Overall Energy Savings Potentials

Riverdale Associates
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By drawing on data from the body of the report, the overall energy savings potentials for the
entire economy (and each sector within it) can be assessed. One way of assessing energy
savings is to measure it relative to a ‘Business-as-Usual’ forecast or baseline. Another wayj, is to
measure energy savings relative to a ‘Frozen Efficiency’ forecast or baseline, where it is
assumed that there are no energy efficiency improvements in the economy — using this criterion
the ‘energy savings’ can be assessed for the ‘technical’, ‘economic’ and ‘realisable’ potentials
for 2025/26:

Sector Technical (PJ/yr)* Economic (PJ/yr) Realisable (PJ/yr)

'Frozen 'Frozen 'Frozen
Efficiency' Optimised Energy Efficiency’ Optimised Energy Efficiency’ Optimised Energy
Energy Use Energy Use Savings Energy Use Energy Use Savings Energy Use EnergyUse Savings

Household 237 121 116 237 171 66 237 196 40
Industrial 286 205 81 286 220 67 286 233 54
Commercial 73 38 35 73 62 11 73 68 5
Primary 60 53 7 60 53 6 60 55 4
Transport 131 103 29 131 106 25 131 116 16
Total 787 519 267 787 612 175 787 667 119

Notes:
1. Measured in terms of 'Delivered Energy', not 'Primary Energy'

2. Measured in conventional heat content units for the sake of comparison with other statistics and forecasts
3. 'Energy Savings'= 'Frozen Efficiency Energy Use' minus 'Optimised Energy Use'
4

. 'Technical Potential' results obtained by optimising using 'heat content units'. Not adjusted for energy quality.

As can be ascertained from this table of data, across the entire economy, by definition the
Technical Potential optimisation recorded the highest level of ‘energy savings’, reducing the
‘frozen efficiency’ energy use by 33%. OPENZ assesses lower levels of ‘energy savings’ for
the ‘economic potential’ (22%) and for the ‘realisable potential’ (15%).

Consistently, no matter which potential is considered (‘technical’, ‘economic’ or’ realisable’),
the household and industrial sectors show the largest potential ‘energy savings’ opportunities.
For example, for the technical potential, the industrial sector records 38% of all the potential
‘energy savings’, closely followed by the household sector at 37%, with the other sectors
significantly behind. It needs, however, to be noted that the household sector, and to a lesser
extent the industrial sector, under the ANZSIC statistical categories includes significant
transport activities.

Conclusions and Future Research

The development of OPENZ as a practical tool for energy policy analysis was successful. It
differs from other models economy-wide energy models in New Zealand, in that it has a focus
on energy end-use services, and it is technology explicit. It is hoped that these features of
OPENZ will impose a ‘realism’ which is sometimes missing in other economy-wide energy
models. Initial applications reported upon in this report focused on quantifying energy savings
potentials (Technical, Economic, Realisable). It was found that by 2026 that it is technically
possible to make energy savings of 55% given known technologies, which reduces to 30% when
just considering ‘economic’ measures. It reduces even further to 11% energy savings when
further allowances are made for realistic rates of technology uptake. Future applications of
OPENZ should focus on considering a broader array of energy policy objectives than just

Riverdale Associates
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energy efficiency and energy savings, as the concentration on just one policy objective runs the
risk of producing results that are unacceptable from the viewpoint of another policy objective or
set of stakeholders. The future development of OPENZ could benefit from a fuller integration
with economic models (such as CGE models) to better portray linkages and flow-on effects in
the macro-economy.

Riverdale Associates
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The Big Picture — Energy Savings Supply Curves

Dr Anita King and Dr Murray Patterson °

The data presented in this section summarises the very detailed data presented in the main body
of the report. It provides an overview of how much energy can be saved, and at what financial
cost (and in some cases with financial benefits). Readers are urged to refer to the body of the
report to gain a deeper and more detailed appreciation of how these energy savings can be

achieved, and on what basis OPENZ calculated these energy savings™® **.

Supply curves are a basic tool of economic analysis and communication. In general, a supply
curve provides a ranked list of possible options/technologies for producing a commodity —
starting with those technologies with the smallest ‘marginal cost’ first and thereafter those
technologies with increasing ‘marginal costs’. Because from each step on the supply curve gets
progreslszively bigger (ie, the marginal cost increases), the supply curve is always upwards
sloping™.

Supply curves have a number of practical implications for guiding economic behaviour and
policy analysis: (1) The simplest and most straightforward implication, is that it is economically
rational to use those technologies with the lowest marginal costs first; (2) However, at some
point, as you move up the supply curve the ‘marginal cost’ will equal the ‘marginal benefit’.
This is called the equilibrium point, and it is very important is economic analysis as it is the
point where economic welfare is maximised — all the possible net benefits have been extracted
and there is nothing more to be achieved by ‘moving further up the supply curve’; (3) That is,
beyond the equilibrium point, it is no longer economically rational to use the technologies
described by the supply curve, because the ‘marginal costs outweigh the ‘marginal benefits’.

Two important assumptions underpin our analysis: (1) the ‘energy savings’ measured by
OPENZ are those additional to those that would be achieved by a ‘Frozen Efficiency’ ‘forecast.
That is we are implicitly measuring accelerated levels of uptake of energy savings and energy
efficient technologies; (2) It needs to be noted that our supply curve analysis, does not take
account of externalities (unpriced benefits and costs) such as the health benefits of clean air
resulting from using less coal for example in open fires. Many economists would argue that
these externalities need to be taken into account, before we can make any valid conclusions
about the welfare effects of the various energy savings options.

These supply curves were produced by Dr Anita King (EECA) from OPENZ data and interpreted by Dr Murray Patterson in
this overview commentary.

The results presented in this overview are, unless otherwise stated, based on the supply curves produced by OPENZ for the
‘Economic Potential’. Readers should therefore refer to Chapter 5 ‘Economic Potential” for the detailed results, and Appendices
F.1 and G.1. The ‘Technical Potential’ results are used for the ‘Transport and Storage Sector’ as it provides a wider range of
energy savings options.

Data in this overview is presented in a more streamlined fashion than would normally be the case. Costs are always expressed
in $,006107, but this is not repeatedly specified in the text. Energy inputs are expressed in ‘Delivered Energy Inputs’ measured in
‘heat content’ units. This measurement on energy in terms of it ‘heat content’ is the conventional approach in energy statistics
and accounting — however if should be noted that this author questions this approach to energy accounting, as it takes no
account on energy quality — refer to Appendix A for further discussion of this issue.

The supply curves reported in Appendix H are however not always upwards sloping because from the point of view of the
global optimum, it sometimes makes sense to use more energy input for some particular end-use (ie, to have negative entries
for PJ saved) and save more energy elsewhere. For ease of communication these ‘blocks’ have been removed from the results
reported in this overview section, but are available in Appendix H.

Riverdale Associates



The Big Picture: Energy Savings Supply Curves

Industrial Sector: Aggregative Energy Savings Supply Curve

The energy savings supply curve for the industrial sector is presented below (refer to Box 1)*
1 with detailed quantitative results being presented in Appendix H:

Box 1: Industrial Sector - Energy Savings Supply Curve
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Miscellaneous (A): These include a small number of energy saving options that deliver
significant energy saving at a very low or no cost: Refining and Rejects Handling in Forest
Products (0.63 PJ/yr); cool and cold store improvements in the food industry (0.71 PJ/yr);
and improving boiler efficiency (1.47 PJ/yr). The total cost of achieving these savings of
1.81 PJ/yr is estimated to be only $1.5 million/yr. OPENZ assesses the average cost of these
options is 0.54 $/GJ of savings.

Cogeneration (B): Additional cogeneration (of heat and electricity) was assessed by
OPENZ to save 10.97 PJ/yr of energy by 2025/26, as a more efficient option to generating
process heat and electricity by other means. More specifically 4.3PJ of process heat would
be produced by cogeneration and 4.4PJ of electricity. These energy savings of 10.97 PJ/yr
were estimated to be achieved with a net cost of $20million/yr for 2025/26. OPENZ
assesses an average net cost of 1.80 $/GJ of savings.

Improved Operations and Maintenance (C): This includes better day-to-day attention to
energy efficiency (‘housekeeping’), better process control and management. This is
expected to, by 2025/26, lead to an energy saving of 1.32 PJ/yr of electricity (Ind. 91) and
1.30 PJ/yr of natural gas (Ind. 137). Some of the energy savings measures identified in the

13

14

For ease of interpretation the first 5 segments have been deleted — these include fuel/technology switching for various end-use
categories. For fuller details refer to Section 6.3.2, in the report. Some of these so-called ‘energy savings’ recorded in Appendix
H are arguably just a function of the conventional way energy data in measured in terms ‘heat content’ units — when the data is
adjusted for energy quality, the results energy savings are not as great as they first appear. Nevertheless, in particular, the
‘economic potential’ optimisation does demonstrate that significant financial saving can be achieved switching to less
expensive forms of energy (black liquor, geothermal heat and coal) for providing Intermediate Process Heat (100-300 C), even
though the energy savings are small. These financial savings by changing these cheaper fuels to supply Intermediate Process
Heat (100-300 C) are estimated to be $757million/year.

Due to its small size the category “Improved Operation of Electronic Equipment” is not included in the main overview. This
was assessed by OPENZ to save 0.02 PJ/yr at an assessed cost of 20.55 $/GJ.

Riverdale Associates




The Big Picture: Energy Savings Supply Curves

‘technical energy savings’ optimisation were assessed to be uneconomic: Ind. 113, Ind. 133
and Ind. 106. OPENZ assesses the average cost of these energy savings to be 10.26 $/GJ.

e Motor Efficiency and Sizing Improvements (D): Over the 20 year period, this energy saving
amounts to 1.18 PJ/yr of electricity by 2015 and increasing to a saving of 3.58 PJ/yr by
2025/26. These Motor Efficiency and Sizing Improvements are additional to significant
improvements that have been made in this area and are additional to the BAU trend from
2006/07to 2025/26. OPENZ assesses the average cost of these energy savings to be 6.89
$/GJ.

e Heat Recovery (E): OPENZ identified many practical mechanisms of heat recovery (Ind.
127, Ind. 116, Ind. 128, Ind. 105, Ind. 110, Ind. 115, Ind. 195, Ind. 121, Ind. 125, Ind. 101)
that were technically feasible which lead to 0.96 PJ/yr potential savings by 2025/26. Only
0.16 PJ/yr of this 0.96 PJ/yr was however found to be economically viable. OPENZ
assesses the average cost of these energy savings to be 7.96 $/GJ.

e Improved Lighting (F): Some relatively small economically viable energy savings from
improving lighting efficiency were identified including upgrading existing fluorescents and
upgrading gas discharge lamps. By 2025/26, this was estimated to achieve 0.07 PJ/yr
savings. OPENZ assesses the average cost of these energy savings to be 16.29 $/GJ.

e Efficiency improvements in the Basic Metals Sub-Sector (G): NZ Aluminium Smelters have
made consistent improvements in their efficiency (in terms of TJ/tonne product). It is
however more difficult to obtain efficiency data for NZ Steel which is the other large
industrial site in this sub-sector. Nevertheless, OPENZ assessed further economically viable
savings to be 3.05 PJ/yr in 2025/26. OPENZ assesses the average cost of these energy
savings as being close to 20 $/GJ.

e Fuel Substitution in the Provision of Kiln/Furnace Heat, 100-300C (H): This fuel mix used
for this end-use category changed away from the use of (less energy efficient) wood more
towards to the use of (more energy efficient) natural gas. This resulted in 1.19 PJ/yr of
saved energy in 2025/26 relative to the BAU trend. OPENZ assesses the average cost of this
fuel substitution to be 26.78 $/GJ of savings

Commercial Sector: Aggregative Energy Savings Supply Curve

The energy savings supply curve for the commercial sector is presented below (refer to

Box 1)*°, with detailed quantitative results being presented in Appendix H:

e No Cost Lighting Options (A): Lighting is a major end-use of electricity in the commercial
sector. A number of no cost options were identified such de-lamping of interior spaces and
improved lighting purchasing decisions. OPENZ assessed these measures to save 0.74 PJ/yr
in 2025/26.

e Building Design (B): Although often requiring long lead times, as old building stock is
replaced by new building stock, there is significant potential for energy savings in this
category, in addition to on-going retrofitting options. Com 51 andCom53 were estimated by
OPENZ to save 1.96 PJ/yr in 2025/2026. OPENZ assesses the average cost of these energy
savings at 0.77 $/GJ.

e Motor Sizing (C): Motors are used for a variety of purposes in the Commercial Sector and it
was estimated by more appropriate motor sizing that 0.38 PY/yr of energy could be saved in
2025/26. OPENZ assesses the average cost of these energy savings at 1.12 $/GJ.

5 Only the largest blocks of energy saving are described here, as the Supply Curve generated by OPENZ for the commercial
sector is more detailed than for other sectors — for a full list refer to Appendix H.

Riverdale Associates



The Big Picture: Energy Savings Supply Curves

Cost of Savings ($/GJ)

Box 2: Commercial Sector - Energy Savings Supply Curve
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Task Lighting and other Design Changes (D): Task lighting, uplighting, daylighting, as well
as other design changes to improve the efficiency of indoor lighting were estimated to save
0.80 PY/yr in 2025/26. OPENZ assesses the average cost of these energy savings at 1.15
$/GJ.

Heat Plant Recommissioning (E): OPENZ identifies a number of energy savings measures
that are economically viable including: Com. 56, Com. 57, Com. 61, Com. 120, Com. 64,
Com. 135 and Com. 136. Of these recommissioning old plant was estimated to save 1.87PJ/
yr in 2025/26. OPENZ assesses the average cost of these energy savings at 1.51 $/GJ.

More Efficient Use of Office Equipment (F): This includes better office equipment
management, switching equipment on/off and the optimum location of office equipment. In
spite of all of the recent research and awareness of the increasing heavy load of office
equipment, this still remains the largest potential area for energy savings in the Commercial
Sector (IEA, 2009a,b). The IEA (2009b) estimates across its member countries that energy
consumed by IT and consumer electronics will double by 2020 and triple by 2030. It is
therefore not surprising that OPENZ assesses the very significant ‘energy savings’ to be
from better operational use of office equipment (measure Com. 57) — OPENZ estimates that
it is economically viable that by 2025/26 3.65 PJ/yr could be saved by this measure.
OPENZ assesses the average cost of these energy savings at 2.26 $/GJ.

Water Flow Control (G): Optimised Flow Controls (Spray Nozzles, Shower Heads etc.)
were estimated to save 0.46 PJ/yr in 2025/26. OPENZ assesses the average cost of these
energy savings at 3.37 $/GJ.

Heat Distribution Efficiency (H): More efficient heat distribution through local heaters,
better pipe and cylinder insulation, etc) was estimated to save 0.46 PJ/yr in 2025/26.
OPENZ assesses the average cost of these energy savings at 9.43 $/GJ.

Correct Heating Choice (I): The ‘correct’ heating choice (radiant/convector/air) was
estimated to save 0.45 PJ/yr in 2025/26. OPENZ assesses the average cost of these energy
savings at 15.26 $/GJ.

Medium Cost Lamp Upgrade (J): Medium cost lamp upgrade (reflectors, triphosphor tubes,
CFL’s) was estimated to save a very significant 2.11 PJ/yr of electricity, in 2025/26.
OPENZ assesses the average cost of these energy savings at 18.06 $/GJ.
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e Improved Envelope Design (K): These refer to more expensive envelope design options that
occur in addition to those considered above. They were estimated to save 1.54 PJ/yr in
2025/26, in addition to those that would be saved in the BAU case. OPENZ assesses the
average cost of these energy savings at 20.58 $/GJ.

e Automatic Occupancy Control (L): Automatic Controls (occupancy, time-switching,
daylight linked) although more frequently used over the last decade still offer an
opportunity to save further energy. It is estimated that 0.55 PJ/yr of energy could be saved
by such controls in 2025/26. OPENZ assesses the average cost of these energy savings at
19.07 $/GJ.

e Best Practice Operations and Maintenance (M): This includes optimising after hours use of
office space, cleaning staff scheduling, occupant switching, re-commissioning, luminaire
cleaning, lamp replacement scheduling and so forth. It estimated that this category could
save 0.32 PJ/yr in 2025/26. OPENZ assesses the average cost of these energy savings at
21.77 $/GJ.

e Cogeneration (N): There is a relatively small amount of energy that can be saved by co-
generation of electricity and heat. This mainly applies to hospitals and swimming pools. It
is estimated by OPENZ that by 2025/26 that it is economically viable to save about
0.47 PJ/yr from using co-generation in the commercial sector. OPENZ assesses the average
cost of these energy savings at 23.99 $/GJ.

Household Sector: Aggregative Energy Savings Supply Curve

The energy savings supply curve for the industrial sector is presented below (refer to Box 3),

with detailed quantitative results being presented in Appendix H:

e More Efficient Water Heating (A):*® Electric hot water cylinders which supplied 82.1% of
the hot water in 2006/07, declined to only 14.5% of hot water provision in 2025/26. By
2025/26, this was replaced by almost all of hot water being provided by natural gas and
solar technologies including instantaneous gas water heaters and heating systems with
improved insulation. In total, by 2025/26, 0.48 PJ/year of energy is saved, with a financial
savings of $204 million/year in 2025/26.

e More Efficient Cooking (B): This consists of energy saved by more energy efficient cooking
in homes. In total, by 2026/26 3.39 PJ/year of energy is saved, with a financial savings of
$378million/year in 2025/26. From 2006/07 to 2025/26 there was a gradual decrease in
traditional electric and gas powered cooking equipment, with an increased use of more
energy efficient microwave ovens.

61t was not possible to easily depict this block of water heating energy saving on the supply curve (Box 3).
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Box 3: Household Sector - Energy Savings Supply Curve
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e More Efficient Space Heating (C): This consists of energy saved by more energy efficient
space heating in homes. In total, by 2026/26 9.97 PJ/year of energy is saved, with a
financial savings of $301 million/year in 2025/26. By 2025/26 there was a complete
elimination of open fires, except for open fires with wet backs. Notably, however unlike the
‘technical potential’ optimisation resistance heaters and nightstores (which were eliminated)
still provided 30.3% of the space heating. The remainder of the space heating by 2025/26
was provided by natural gas heaters (44.0%) and heat pumps (19.3%).

e More Efficient Lighting (D): The change of mix of lighting technologies is exactly the same
as for the ‘technical potential’ optimisation. That is, by 2019 there was the complete
elimination of tungsten incandescent lights and the replacement by more energy efficient
(and cost effective) forms of lighting. By 2025/26, 53% of lighting is from compact
fluorescent lights, 27.0% from LED lights and 19.9% from long tube fluorescent lights. In
total, by 2025/26 5.18 PJ/year of electricity is saved, with a financial savings of $150
million/year in 2025/26.

e Fuel Substitution in Private Cars (E): Unlike the ‘technical potential’ optimisation there
was no uptake of alcohol fuels (ethanol, methanol), although there was a significant uptake
of electricity-petrol hybrid cars by 2025/26 to 16.2% of market share. There was also some
uptake of diesel powered vehicles, increasing from 12.8% in 2006/07 to 23.4% in 2025/26,
as well as a very small uptake of natural gas vehicles. This led to a significant decline in
petrol fuelled private vehicles from 85.4% of market share in 2006/07 to 60.2% in 2025/26.
In total, by 2025/26 18.53 PJ/year of fuel is saved, with a financial savings of $222
million/year in 2025/26.

Transport and Storage Sector: Aggregative Energy Savings Supply Curve

The energy savings supply curve for the transport and storage sector is presented below (refer to
Box 4), with detailed quantitative results being presented in Appendix H. Some of the costings
in this assume there is zero financial cost of adopting the energy saving options, based on using
data from Henderson (1994). Although this may be the case in a narrow financial sense, it is
doubtful if this is the case in terms of broader calculations of welfare effects and therein
probably lies the reason why many of these options have not been adopted in spite of their zero
financial cost.
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Box 4: Transport and Storage Sector - Energy Savings Supply Curve
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Fuel Substitution in Land Freight (A): OPENZ assesses a slight shift towards diesel
powered vehicles. That is, diesel increases from 93.4% of the market share in 2006/07 to
98.0% in 2025/26. Petrol is phased out. By 2025/26 besides diesel, 1.53% of freight
vehicles are using LPG and 0.45% natural gas. OPENZ assesses that these energy savings
of 1.65PJ/yr also result in financial savings of $159 million/yr in 2025/26.

Fuel Substitution in Buses (B): OPENZ assesses steady increase in both electric and natural
gas powered buses, based on their superior energy efficiencies. From 2006/07 electric
buses increase from 6.6% to 14.1% by 2025/26. Similarly natural gas powered buses
increase from 1.12% in 2006/07 to 2.2% in 2025/26. Diesel powered buses decrease, but
still dominate, at 83.3% in 2025/26, whilst petrol powered buses are phased out. OPENZ
assesses that these energy savings of 0.56 PJ/yr also result in financial savings of
$32 million/yr in 2025/26.

Fuel Substitution in Rail Freight (C) and Passenger Rail (D): In 2006/07 88.9% of this
category of end-use energy was supplied by electricity. By 2025/26 all rail freight
locomotives used electricity. The same pattern occurred for rail passenger services. OPENZ
assesses that these energy saving of 1.96 PJ/yr also result in financial savings of
$82 million/yr in 2025/26.

Increased the Load Factor in Passenger Air Services by 10% (E): It is assessed based on
updating of data previously compiled by Henderson (1994) that increasing the load factor in
passenger air travel by 10% would save 4.08 PJ/yr by 2025/26.

Shift Air Travel Passenger to Rail and Ship (F): This only includes domestic travel, as
international air travel is not included in the model. It is assessed again from updated data
from Henderson (1994) that this could save 6.39 PJ/yr by 2025/26. This would require a
major upgrading of the New Zealand rail system to achieve this target, and probably a
significant change in price relativities between the competing services. New Zealanders’
travel by rail is small between the major centres compared with other developed countries
particularly those in Europe as well as in Asian countries.

Increased the Load Factor of Coastal Freight Services by 10% (G): This is assessed by
OPENZ to be 1.08 PJ/yr for 2025/26 based on data originally obtained from Collins (1993)
and adjusted by applying growth rates to OPENZ processes-sectors combinants.
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e Increase Load Factor of Passenger Rail Services by 10% (H): This is assessed by OPENZ
to be 0.11 PJ/yr for 2025/26 based on data originally obtained from Collins (1993) and
adjusted by applying growth rates to OPENZ processes-sectors combinants.

e Improved Car Engine Efficiency (I): This is achieved by reducing the fuel consumption in
cars used commercially and privately. Strictly speaking most of these efficiency gains
should be recorded in the Household Sector of OPENZ, but is recorded here for
convenience. There has over the last couple decades been a significant improvement in the
rated fuel economy (litres/100km) of vehicles in New Zealand’s passenger fleet due to
design and technological improvements. Nevertheless it is projected by OPENZ that there
will be further energy savings of 23.50 PJ/yr, by 2025/26, achieved by improved engine
efficiency and vehicle design

e Driver Education Programmes and Improved Car Maintenance (J): This is assessed by
OPENZ to be 0.11 PJ/yr for 2025/26 based on data originally obtained from Collins (1993)
and adjusted by applying growth rates to OPENZ processes-sectors combinants

e Increase the Load Factor on Passenger Buses by 10%. (K): Load factors on New Zealand
buses are low (average of about 30%). OPENZ calculates that by increasing this load factor
by 10% by 2025/26, then 2.17 PJ/yr energy could be saved.

e Increased the Load Factor of Light Goods Vehicles by 10% (L): Improved logistics,
planning and organisation, could save a very significant amount of energy, due to the large
amount of end-use energy used for light goods freight. It is estimated by OPENZ, using
updated data provided by Henderson (1994), that by 2025/26 16.86 PJ/yr could be saved
which is due in part to the strong relative growth of this sector.

e Increased the Load Factor of Heavy Goods Vehicles by 10%. (M): Although the load factor
of heavy goods vehicles (about 50%) is better than light goods vehicles (about 30%), there
is still considerable potential for improvement. OPENZ assesses that by 2025/26 10.6 PJ/yr
could be saved by improving the load factor of heavy freight vehicles by another 10%.

o Shift Road Freight to Rail Freight (N): This is assessed to be 9.84 PJ/yr energy saving by
2025/26. Again this would require a significant upgrading of the New Zealand freight rail
system, and the appropriate financial incentives put in place.

e Improved Road Surfaces and Alignment (O): This is assessed by OPENZ to be 1.71 PJ/yr
for 2025/26 based on data originally obtained from Collins (1993) and adapted in growth
rates applied to OPENZ. No reliable costing of these improvements could be obtained.

o Telecommute 4 out of 5 days per week (P): This is assessed by OPENZ to be 4.15 PJ/yr for
2025/26 based on data originally obtained from Collins (1993) and adjusted by applying
growth rates to OPENZ processes-sectors combinants. OPENZ assessed the cost of
‘telecommuting’ to be $9 million/yr based on updated data from Henderson (1994).

e Fuel Substitution in Passenger Cars (Q): By 2025/26 all these vehicles are converted to
electric, hybrid electric or natural gas. OPENZ assesses energy savings of 5.34 PJ/yr costing
$320 million/yr. The average cost of these energy savings is calculated to be 5.34 $/GJ.

e Use Bicycles More for Commuting (R): This is assessed by OPENZ to be 4.99 PJ/yr for
2025/26 based on data originally obtained from Collins (1993) and adapted in growth rates
applied to OPENZ. OPENZ assessed the cost to be $569 million/yr based on updated data
from Henderson (1994).

e Car Pooling to Increase Occupancy from 1.25 to 2 per vehicle in Commuting (S): This is
assessed by OPENZ to be 5.83 PJ/yr for 2025/26 based on data originally obtained from
Collins (1993) and adapted in growth rates applied to OPENZ. OPENZ assessed the cost to
be $1,241 million/yr based on updated data from Henderson (1994).
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Primary Sector: Aggregative Energy Savings Supply Curve

The energy savings supply curve for the primary production sector is presented below with

detailed quantitative results being presented in Appendix H:

e Fuel Substitution in Freight Transport (A): Petrol was phased out, with all freight vehicles
converted to diesel. In total, by 2025/26 0.28 PJ/year of fuel is saved, with a financial
savings of $26 million/year in 2025/26.

e Improved Building Insulation (B): This mainly applied to greenhouses but also pig and
poultry farms. In total, by 2025/26 0.25 PJ/yr energy savings by improved insulation, with
a net cost close of 1 $/GJ which is very low.

e Improved Efficiency in Kiln Drying (C): In total, by 2025/26 0.13 PJ/yr energy savings by
improving the efficiency in kiln drying with a net cost of only 0.32 $/GJ.

As noted in the report there are other ‘energy savings’ mechanisms that could be implemented
in the Primary Sector. However, there is a lack of reliable costings and energy savings data
particularly on alternative fuels (for tractors), improving efficiency of tractor operation and on
improving the operation of dairy sheds. For example, it should be possible in future versions of
OPENZ, to evaluate options for water heating and milk chilling in dairy sheds. There were
insufficient data on the primary sector to construct a meaningful energy savings supply curve.
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1. Introduction

1.1  Project’s Scope

The aim of this report is to provide detailed documentation of OPENZ (Optimisation energy
End-Use Model of New Zealand). OPENZ has been designed to define energy savings that can
be achieved in New Zealand over the 2006/07 to 2025/26 period. Itis in a sense an extension of
the EECA End-Use Database (Patterson and McDonald, 2009), as OPENZ draws much of its
data directly from the EECA End-Use Database and the data is often structured in the same
way.

The overall aim of the project is to build a model which will be used to define the:
e Technical Energy Savings Potential (2006/07 - 2025/26)
e Economic Energy Savings Potential (2006/07 - 2025/26)
o Realisable Energy Savings Potential (2006/07 - 2025/26)

The approach in this project will be to construct a hybrid ‘bottom-up’ and ‘top down’ model of
possible energy use and supply options in New Zealand. Most previous attempts to model
energy supply and demand in New Zealand are based on ‘top down models’ which assume that
their energy projections are technologically feasible which unfortunately may not be the case.

1.2  Strategic Context for the Modelling

The Energy Efficiency and Conservation Authority (EECA) is responsible for promoting
economy-wide and sector level energy efficiency, renewable energy and energy conservation
measures. The Energy Efficiency and Conservation Act 2000 assigns EECA a key role in
assisting the Government in designing and implementing the New Zealand Energy Efficiency
and Conservation Strategy (NZEECS). An essential part of this role is to develop advice on the
status and opportunities for sustainable energy. In October 2007, New Zealand released its new
energy efficiency and conservation strategy. The updated NZEECS provides an action plan
aimed at maximising energy efficiency and renewable energy use in New Zealand.

New Zealand’s energy demand is growing. From 2001 to 2006, national energy use increased
by 53 PJ or 12%, from 439 PJ to 492 PJ, giving an average increase of 2.3% p.a. A significant
energy efficiency ‘saving’ of 19.7 PJ was achieved due to decreased energy demand growth.
However, further decreases are required to meet New Zealand’s targets. In order to devise a
strategic response to this challenge, it is important to know where and how energy is used; how
energy use is changing; how much energy can be saved; and where that energy can be saved.

Reducing energy use or realising energy saving opportunities is one of the best and most
effective ways of improving energy sustainability. Reduced energy use has many positive
effects as it improves energy services, reduces pollution, cost and it can offer social benefits in
the form of increased energy security (through the reduced reliance on imported fossil fuels).

It is believed that New Zealand's current energy use profile offers significant potential for large-
scale reduction efforts. Technological breakthroughs and government-sponsored programmes
(e.g. energy audits for the industrial sector) are imperative to achieving our energy savings
potential. Information programmes, which seek to increase productivity, encourage energy
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efficiency and conservation and offer technical assistance, are also important elements to reduce
energy use. To best achieve that potential, it is necessary to identify and strategically select the
most effective opportunities and measures from the range of potential options that exist today.

A realistic estimation of New Zealand’s energy savings potential - and particularly
identification of those potentials across sub-sector levels, fuel type and regional end-use - is
problematic. Differences in the nature of sectors and the nature of potentials within those sectors
are the principal cause of difficulties. For example, the industrial sector is more concentrated
than the residential sector and efficiency gains in the industrial sector are mainly measured as
energy and cost savings, whereas in the residential sector, service improvements are paramount.
Despite the sectoral difference, a common thread remains, namely that we cannot plan for what
we have not identified and can not manage what we do not measure. Closing these gaps is
where an energy potentials analysis comes in.

1.3 Synopsis of the Modelling Approach

An optimisation model will be used to define ‘the technical’, ‘economic’ and ‘realisable’
energy savings potential in New Zealand, over the next 20 years. As previously pointed out, the
optimisation model differs from previous modelling attempts in New Zealand in that is based on
specifying energy demand in terms of ‘demand for the end-Uses of energy’. This is in contrast to
previous attempts that use the ‘demand for delivered energy’. It is argued that the end-use
approach provides a better basis for evaluating ‘energy savings potential’, as it illustrates how
different technologies can be used to achieve savings while still supplying consumers with the
services that they require.’

This model is constructed by using the EECA End-Use Database 2006/07 and updated data
from Henderson (1994) as the primary sources of data, as well as some data mainly for the
Household sector provided by EECA staff. The model itself is based on a ‘mini’ model
developed at Massey University and has been used as a basis for student projects and teaching
for many years.

For the estimation of the ‘technical energy savings potential’, the optimisation model will
determine the minimum energy input (quality-adjusted PJ) to supply given amounts of end-use
energy in the New Zealand economy. For the estimation of the ‘economic energy savings
potential’, the optimisation model will determine the least cost ($) way to supply given amounts
of end-use energy in the New Zealand economy. For the estimation of the ‘realisable energy
savings potential’, the optimisation model will determine the least cost ($) way to supply
specified amounts of end-use energy in the New Zealand economy, given an additional set of
technology uptake constraints.

The model itself will consist of a network of possible energy supply-use options, starting with
energy end-uses (of which there are 31), and working back through the supply network to
delivered energy forms (11) and eventually back to primary energy forms (27). This network is
schematically portrayed by Figure 1.1

7 Consumers require heating, lighting and other end-use services (fundamental demand). They don’t necessarily require any

specific delivered energy (derived demand) such as coal or electricity. Instead they require the end-use services from that which
can be derived from delivered energy sources.
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Figure 1.1 Schematic Representation of the New Zealand Energy End-Use Optimisation

Model

Like any optimisation model the model contains a number of constraints that are critical in
defining the optimal solution®®:

Policy Constraints. For example, the user may wish to constrain the level of allowable CO,
emissions in line with Kyoto Protocol targets. Or the user may wish to set specific minimum
energy efficiency savings targets as outlined in the National Energy Efficiency Conservation
Strategy.

Technology Uptake Constraints. There are limits to how quickly a new technology can
replace an existing technology — eg, the maximum uptake rate for heat pumps for space
heating in the domestic sector may be 10% per year. These technology uptake constraints are
important as they have a direct role in defining each of the ‘energy savings potentials’;
increasingly the case as we move from the ‘technical’ to the ‘economic’ and finally to the
realisable energy savings potential.

Supply Constraints. There are critical constraints on the supply of primary energy sources.
For example, the supply of natural gas is ‘so many’ petajoules per year and the Maui gas
field has ‘so many’ petajoules of energy remaining. The hydroelectricity supply in New
Zealand is also ‘so many’ petajoules per year.

18

In the initial development of OPENZ, no locational constraints have been entered into the model. However, the EECA End-Use
database contains specific data on the locational demand for energy. The model can therefore in the future be formulated to
incorporate these data as constraints. Also, probably more importantly the supply of energy is often constrained by locational
constraints e.g., natural gas is only available in certain areas of the North Island. In the initial model some very occasional ad
hoc adjustments were required to allow for the areas that don’t have natural gas supply.
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The model is a dynamic (multi-stage) optimisation model, tracing energy savings potential from
2006/07 to 2025/2026. The model needs to be dynamic in order to effectively track the impact
of technology uptake rates over time, and the change of energy supply options (eg, the impacts
of the depletion of a gas field). This dynamic optimisation model will be used to evaluate the
implications of various population, GDP, energy price and other scenario assumptions that are

spelt out in Section 2.

Table 1.1  Supply Processes, End Use Processes and Energy Savings Measures

Sector New/EXisting Number of Number of Data Source
Supply and Energy
End-Use Savings
Processes Measures
Energy Supply  Existing 26 Various, Including MED
Database
Energy Supply  New 40 Various, mainly MED
commissioned reports
Household Existing 77 EECA Database 2006/07
Household New 31 EECA Experts
Household Existing and New 7 Updated Henderson (1994)
Primary Existing 27 EECA Database 2006/07
Primary New 6 EECA Experts
Primary Existing and New 9 Updated Henderson (1994)
Commercial Existing 40 EECA Database 2006/07
Commercial New 6 EECA Experts
Commercial Existing and New 109 Updated Henderson (1994)
Industry Existing 75 EECA Database 2006/07
Industry New 4 EECA Experts
Industry Existing and New 61 Updated Henderson (1994)
Transport Existing 42 EECA Database 2006/07
Transport New 6 EECA Experts
Transport Existing and New 18 Updated Henderson (1994)
Total 380 204

End-Use Processes and Energy Savings Measures

Another distinguishing feature of OPENZ is the very detailed coverage of end-use
‘technologies’ and end-use ‘energy savings measures’. Past energy supply and demand models
constructed in New Zealand did however contain some specification of end-use ‘technologies’.
Most notably the optimisation model constructed by Smith (1978) did contain some
technological specificity in the supply sectors, but notably very little in the energy demand
sectors. Previous econometric modelling approaches in New Zealand (e.g. Dokter, 1985),
certainly contained no technology based details. In more recent years, as pointed out by Denne
et al. (2005a), SADEM (the main model used by MED), contains very little technology-explicit
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data as it is essentially a ‘top-down’ model on the demand side containing no end-use data or
characterisation'®.

The following definitions are important in understanding how ‘technologies’ and ‘energy

savings measures’ are dealt with in OPENZ:

e Technology Explicit End-Use Process. This is an OPENZ end-use process, which is explicit
concerning the technology used. An example of a technology explicit end-use process is:
the conversion of electricity (1PJ) to space heat (3PJ) using heat pumps. In OPENZ, data
describing these processes are mainly drawn from the 2006/2007 EECA Energy End Use
Database.

e Energy Savings Measures. This is an OPENZ process that quantitatively describes the
amount of ‘delivered energy’ that can be ‘saved’ by a particular energy saving measure.
The ‘energy savings’ measures are rarely specific to one end-use conversion technology,
often applying to a number of technologies in rather general/non-attributable fashion. An
example of an ‘energy savings measure’ is ‘zone control in commercial buildings.” In
OPENZ, data describing these ‘energy savings measures’ are drawn from (updated) data
from Henderson (1994).

1.4  Previous and Related Studies in New Zealand

The current project’s aim is to build an operational model to estimate and evaluate the technical,
economic and realisable ‘energy savings’ potentials that New Zealand can capture. In doing so,
the current project builds on and has a context in terms of both previous studies on ‘energy
savings potential’ and on ‘economy-wide energy modelling’.

1.4.1 Energy Savings Potential Studies

Wright and Baines (1986) estimated the energy conservation potential for the household sector
in New Zealand, using a supply curve methodology. It was the first significant study of this
type in New Zealand. The supply curve analysis highlighted the energy savings potential for a
number of measures — eg, for hot water provision, the energy savings from thermostat set back,
increased thermal insulation, solar water heaters and heat pumps were quantified. The supply
curve methodology introduced by Wright and Baines (1986) was based on the idea of ‘supply
curves of conserved energy’ an idea that was being promoted by Lovins (1985) and others at
that time.

Henderson (1994) took the ‘supply curve’ methodology to another level, providing the first
comprehensive analysis of energy savings potential in New Zealand, across all the main sectors
(residential, commercial, industrial and transport). Supply curves were accordingly developed
for the ‘economic potentials’ of each of the energy sectors for six fuel types (electricity, gas, oil,
coal, wood and geothermal heat). The data used for this detailed analysis was drawn from: (1)
the ‘Energy End Use Database of the New Zealand Economy’ (Patterson, 1993a); (2) expert
interviews (Lumsden et al., 1994; Brander, 1994); (3) existing research (Collins, 1993; Wright
and Baines, 1986).

% The electricity supply component of SADEM does contain some technology-explicit data, but this is not the case on the demand
side.
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Table 1.2  Evaluation of Previous Studies ‘Energy Savings Potentials’ in New Zealand

Characteristic Wright and Henderson (1994)  Denne (2006a,b) KEMA (2007a,b)
Baines (1986)
Coverage Household Sector Residential, Residential, Residential,
Commercial, Commercial and Commercial,
Industrial and Industrial Sectors Industrial Sectors
Transport Sectors
All Energy Types All Energy Types All Energy Types Electricity Only
Strengths Established the Very Links energy Sets the benchmark
Supply Curve comprehensive (All  demand to macro- for level of detail in
Analysis in NZ Sectors, All Energy  economic variables  the analysis
Types) and trends (GDP, (detailed
Prices) engineering,
financial analysis)
Good coverage of Many ‘energy Clear and
the full range of savings measures’ transparent
technologies and evaluated (about presentation of
energy end-uses 150) results
Top level results
justified by detailed
bottom up analysis
Weaknesses Restricted by lack The accuracy of the  The top-down Based mainly on

of data available in
1986

data is hard to
gauge.

(econometric)
approach had a
poor ability to
analyse energy
efficiency
potentials

Only a few energy
efficient
interventions were
evaluated

USA data of
questionable
applicability to NZ.
Ignores ‘fuel
switching’ (eg.
electricity to

natural gas) which
may lead to savings
in primary energy

Spreadsheet analysis processed this data in a ‘bottom up’ fashion to estimate ‘supply curves’ for
Henderson (1994) acknowledged the limitations of the

energy savings for New Zealand.

approach:

e it depended on the accuracy of the Patterson (1993) database,

e not all options for improving energy efficiency were considered,

e ittreats all ‘options’ as being independent from each other,

e it assumed a fixed ratio between a quantity of consumer energy and the primary energy®
required to produce it. Whereas, these ratios are constantly changing, as the quantitative mix
of fuels producing primary energy inputs change on a yearly basis — for example, the ratio
for electricity differs from year to year, and could change quite significantly if new energy
sources such as wind are considered in the future.

20

Henderson (1994) measure the energy savings potential in terms of quantities of primary energy. No rationale is given for this

course of action, or indeed the problem of aggregating different forms of primary energy (refer to Patterson, 1993b).
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There was an apparent hiatus in ‘energy savings potential’ studies in New Zealand until
COVEC? produced a series of analysis of energy efficiency potentials across three sectors
(residential, commercial, heavy industry) in the economy. This analysis was carried out as part
of the Project Tui — a whole-of-government project led by EECA to replace the National Energy
Efficiency and Conservation Strategy (Denne, 2006a). The analysis undertaken by COVEC,
used a combination of ‘top down’ and ‘bottom up’ modelling tools. The ‘top down’ analysis
provided estimates of ‘aggregative energy demand’ based (apparently) econometric approach
that used GDP, population and energy prices as the explanatory variables. This ‘aggregative
energy demand’ was then ‘allocated to individual energy uses within sectors’, using a ‘bottom
up model’.

Using this approach COVEC assessed a number of interventions (e.g. insulation retrofits,
Energy Star, Building Energy Rating Schemes), across the three sectors in terms of their
potential energy savings using a cost-effectiveness criterion. By 2030, using a 10% discount
rate, it was found that these interventions could lead to 2.684 PJ/yr savings in the residential
sector, 1.270 PJ/yr savings in the commercial sector, and 3.264 PJ/yr in the industrial sector. A
number of supply curves of ‘energy savings’ and ‘CO, emission reductions’ were produced to
substantiate these aggregative level results.

KEMA (2007 a, b) undertook a very detailed technology-specific and end-use specific study of
electricity ‘energy efficiency potentials’ for the Electricity Commission. The level of specificity
(technology, end-use) overcomes one of the weaknesses of the COVEC studies, although it
needs to be remembered that KEMA (2007a,b) only focussed on the ‘electricity’ potentials
ignoring other fuel types. KEMA quantified three electricity savings potentials: (1) technical
(complete penetration of technical feasible options); (2) economic potential (technical potential
options that are ‘economically’ feasible); (3) achievable programme potential (savings that
would occur in response to a specific programme). KEMA (2007a) found that by 2016 for the
entire economy that 112 PJ/yr of electricity could be saved according to the ‘technical potential’
and 64 PJ/yr according to the economic potential.

Although the KEMA (2007a) study provides an impressive benchmark for the level of ‘bottom
up’ data, its very significant weakness was that it was based primarily on USA data rather than
NZ data. For example, for the industrial sector, it used data from US Department of Energy’s
‘1998 Manufacturing Energy Consumption Survey’ and the USDOE’s ‘Motor Assessment
Study’; and it very heavily relied on data provided by the Laurence Berkeley National
Laboratory. To what extent this liberal use of USA data for a NZ study is valid and leads to
results that are applicable to New Zealand is unknown and very questionable.

Table 1.2 summarises the strengths and weaknesses of all of the previous studies of ‘energy
savings potentials’ in New Zealand. One limitation of all of these approaches, which we have
attempted to overcome in our current study, is the lack of an integrative modelling framework.
Henderson (1994) and KEMA (2007a,b.) appears to have relied on spreadsheet analysis
(models) and Denne (2006a,b.) on a system of moving data (manually) between ‘top down’ and
‘bottom up’ models/databases. None of these previous studies have undertaken their analysis,
within one integrative modelling framework that enables ‘energy potentials’ to be evaluated in
terms of their impact across the entire energy supply and demand system. Such an analysis is
important as, for example energy savings in a particular sector can have serious consequences in
terms of how we optimally configure electricity generation and supply, and the tradeoffs that
might ensue with the supply of energy to other demand sectors.

2L Refer to reports by Denne (2006a,b) and Denne et al. (2006).
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Modelling also provides the opportunity to simulate energy savings potentials across time —
perhaps the next 20 years. Earlier attempts (Wright and Baines, 1986; Henderson, 1994) in
particular ignored this dynamic/temporal dimension to the problem.

1.4.2 Economy-Wide Energy Models

OPENZ is a dynamic optimisation model of the New Zealand energy system that particularly
focuses on energy end-use processes in a technology-explicit fashion. OPENZ’s initial
development has been driven by the need to quantify energy savings potentials that could result
from various technological and policy options. OPENZ can be contrasted and compared with
other current and past economy-wide energy models®:

SADEM

SADEM is the only significant, currently used, economy-wide energy model in New Zealand. It

was first been developed in 1991 by the Ministry of Commerce and is now maintained by the

Ministry of Economic Development. SADEM was reviewed by Denne et al. (2005), in the

context of a broader review of ‘MED’s Energy Modelling Capability.” SADEM is characterised

by Denne et al. (2005) as having the following main features:

e SADEM is a partial equilibrium model. In other words, it projects movements in supply,
consumption and price for a limited number of factors, while factors not in the model are
assumed to be unaffected. It contrasts with general equilibrium (GE) models which
equilibrates supply and demand across all sectors in the economy.

e The demand side of SADEM is largely econometric — it uses regression analysis with
historical data to define relationships between energy demand, energy prices and
movements in factors such as GDP, population and temperature variables. The key
electricity supply component of the model is a simulation model. It includes costs and
performance specification of plant technologies (geothermal, cogeneration, gas combined
cycle, etc) and some individual plants. On the basis of demand, determined
econometrically, it simulates plant behaviour to predict the cost of supply.

e Apart from the electricity supply component, it can be described as a top-down model. It
has very little detail about behaviour within a sector or specification of performance and
cost characteristics.  In contrast bottom-up models have detailed specification of
technologies.

One of the limitations of SADEM in terms of our study of ‘energy savings’ potential is its lack
of technological specificity, although as pointed out by Denne et al. (2005) it is, at least in
principle, possible for econometric models (like the demand side of SADEM) to take account of
technological improvements in an aggregative sense using measurements such as the
Autominous Energy Efficiency Improvement (AEEI) factor. Nevertheless, it is impossible in
‘top-down’ models like SADEM to exactly know what technologies can be used to bring about
energy efficiency improvements in the economy; or indeed if the demand projections being
made by econometric models are even technologically feasible given known technologies.

22 This brief review only covers economy-wide energy models in New Zealand that are publicly available. It therefore excludes:

(1) models of specific energy production/generation plants or networks. For example, these exclusions include hydro-
scheduling optimisation models such as those by Kerr and Read (1997), George et al. (1995) and Read (1979), or of the oil
refinery such as the model by Earl et al. (1979); (2) not published economy-wide models constructed by private sector interests.
With the government’s withdrawal from the energy sector in the mid-late 1980’s, some energy models that were previously
publicly available are no longer; (3) some in-house models constructed by the Ministry of Energy prior to its disestablishment
in 1989, which were never published.
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Econometric Regression Models of Energy Demand

Unlike SADEM which is more correctly a ‘hybrid model’, there has been a number of models
developed in New Zealand that are purely econometric, dating back to the early work of
Hughson (1968), followed by others such as Lermit (1979), Dockter (1985), Hughes, Baas and
Trealor (1979), Mohamed and Bodger (2005), McDermott Associates (1987), New Zealand
Business Council for Sustainable Development (2005); as well as a number of unpublished
econometric forecasts produced by the Ministry of Energy in the late 1970’s to early 1980°s
which were used to support its energy planning functions. Such models attempt to ‘predict’ or
‘forecast’ energy demand at a very aggregative level (usually 1-4 sectors), using variables such
as GDP, population, energy prices and temperature. In spite of the statistical robustness of this
regression/econometric approach, caution needs to be displayed in applying these methods, in
the context of medium-long term problems, because it is unlikely that the structural relationship
quantified by these regression equations will persist over medium-long term time periods. One
further limitation of these econometric/regression based methods, which is often cited, is the
lack of detail about specific technologies, which is a particular difficulty when assessing
‘energy efficiency interventions’.

Computable General Equilibrium and Input-Output Models

One of the difficulties with many energy system models, is that they fail to take account of
‘flow-on’ effects in the rest of the economy, which can be an ‘achilles heel” when undertaking
policy analysis. Input-output models initially addressed this issue (of ‘flow-on’ effects in the
economy) by modelling the interactions between sectors in the economy, either through (static)
multiplier analysis or by (dynamic) input-output modelling. Computable General Equilibrium
Models (CGE) however now go one step further (than Input-Output models) in allowing for
price adjustments®, so that there is an equilibration between supply and demand simultaneously
across all sectors (markets) in the economy. Perhaps the earliest attempt to do this genre of
modelling in New Zealand was the development of a ‘linear programming inter-sector model’
by Philpott and Stroombergen (1979) based on an input-output matrix (with explicit energy
sectors). With the development of Computable General Equilibrium (CGE) models in the
1980’s, Boshier et al., (1984, 1986) went one step further to develop a simple (14 sector)
computable general equilibrium model connected to a more detailed (23 sector) input-output
model with energy end-use services. In more recent years with the advancement and
mainstreaming of CGE models, Stroombergen (2007) has developed a CGE model of
aggregative energy use as it relates to CO, emissions. To date, however, as is the case
internationally, the full potential of CGE energy modelling to analyse energy and climate
change policy options for New Zealand has yet to be achieved.

Optimisation Models

Strictly speaking CGE models are optimisation models, as they optimise (maximise) utility and
profits across the economy. Notwithstanding that comment, there has been a history of
constructing ‘engineering-based’/bottom up’ optimisation models in New Zealand. Smith
(1978) constructed an optimisation model of energy supply and demand in New Zealand with 3
discrete models (1985, 1990, 2000). It is probably best described as being a ‘bottom-up’ model
for supply and ‘top down’ for demand. Certainly compared with OPENZ, it lacks details on
energy end-use services and technologies. The objective function of this model was to

2 Input-Output models can only adjust for quantities not prices, although prices are embedded within the input-output matrix

(model) structure.
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minimise cost ($) of energy supply. Moy (1979) developed the first MARKAL model (the most
widely used energy optimisation model worldwide) for New Zealand. This was part of early
efforts by the International Energy Agency (IEA) to develop MARKAL as the ‘gold plate’
method of energy modelling. This early MARKAL model covered a range of technologies with
energy demand being treated as an exogenous variable. It remains however unclear as to what
extent this MARKAL model was ever fully operationalised and utilised in policy analysis and
energy planning in New Zealand.

In recent years, there have been further attempts to design an operational 'bottom-up’
optimisation model in New Zealand. Bruckner et al. (2003) developed a modelling framework
for optimising energy services supply, either from the point of view of minimising exergy loss
or minimising cost ($). This framework was however never operationalised due to the lack of
data. An initial version of MARKAL was also developed in 2003 by Read, Lermit and
Rossouw (2003) but also did not progress any further due to lack of funding.

Van Beek's (1999) review of national energy models shows that optimisation models are the
most widely used (perhaps with econometric models) worldwide. MARKAL is the 'standard'
method, promoted by the International Energy Agency (Zonooz et al, 2009). It is therefore
surprising that optimisation modelling (particularly MARKAL) has not gained a stronger
foothold in New Zealand. Most attempts to construct energy policy optimisation models in
New Zealand have not succeeded, primarily due to lack of funding which can be a considerable
requirement with the suggestion that it can take according to one authoritative source® ‘about 1
man year of modelling but 10 years of data collection.'

Simulation Modelling

There have been very few attempts to construct simulation models of energy supply and
demand in New Zealand. One documented case is that of Bodger and May (1992) who
constructed a simple 6 supply sector model for New Zealand, based on Odum's (1983)
modelling framework, which incidentally was earlier applied to evaluating New Zealand's trade
(Odum, 1979).

In sum, OPENZ has specifically been developed to be a model that focuses on end-uses of
energy and explicit about the technologies required to provide these end-uses. It covers 31 end-
uses, 20 end-use technologies and 584 end-use processes/energy savings measures. OPENZ
also has a reasonable degree of technological specificity for the energy supply processes.
Furthermore, OPENZ captures the major influences on the energy system in New Zealand,
including prices, GDP, a number of possible policy interventions and rates of technological
uptake. OPENZ is essentially a 'bottom-up' model, whereas SADEM which is New Zealand's
official energy model is essentially 'top-down.' In that sense, both models are very much
complementary to each other, as well as they serve different purposes as outlined by van Beek
(1999) and Table 1.3.

% International Energy Agency/ OECD: http://www.etsap.org/MARKAL/fag.htm//how
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Table 1.3  Classification of Selected National Energy Models in Terms of Distinguishing

Features
Characteristic SADEM OPENZ MARKAL (USA) Mohamed
(2005)

Purpose Project Future Detailed Defining Least Demand

Supply and Technology-Based Cost($) Supply Forecasting

Demand Appraisal of Future

Energy Options®

Top Downvs. Top Down Bottom Up Bottom Up Top Down
Bottom Up
Country New Zealand New Zealand United States New Zealand
Coverage Supply Processes 66 Supply Processes, > 600 supply and 5 sectors, 6

Time Horizon

Mathematics

Technological
Specificity

Data
Requirements

focused on
electricity, 4
Demand Sectors,
No End-Uses, No
Technologies

30 Years

Mixed methods
including
regression/econome
trics for demand
sectors

Some for electricity
sector. None
elsewhere.

Manageable:
readily available
from public sources

5 Demand Sectors,
31 End-Uses, 20
Technologies, 380
End-Use Processes,
204 End-Use Energy
Savings Measures®

20 Years

Dynamic
Optimisation

Broad technologies
for energy supply.
Very detailed
technologies for
Energy End-Use
processes.

Demanding: detailed
cost, emissions, end-
use data required.

demand processes,
150 materials, 10
sectors, 30 end-use
services

30 Years

Dynamic
Optimisation, Some
Non-Linear and
Integer

Detailed
technologies for
Energy Supply,
Demand and End-
Use Services
processes

Very Demanding:
detailed cost,
engineering, energy
and emissions data.
Extensive database
built up since
1970s.

delivered energy

Realistically 5
Years

Multiple
Regression

None

Straight Forward

Notes:

1. Initial application outlined in this report was to define ‘energy savings potentials’ and ‘greenhouse gas

reductions’.

2. 37 demand sectors are used to calculate the ‘demand for the energy end-uses’. For ‘computational ease’, these
are aggregated to 5 demand sectors for the optimisations.
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15 Definition of Terms

Business As-Usual

“Business-As-Usual” is a forecast of future energy supply and demand based on a continuation
of past and current trends. The “Business-As-Usual” forecast is used throughout this report —
with the one exception that it is replaced by the “Frozen Efficiency” forecast which is used in
the “Overall Energy Savings Potentials” section of the Executive Summary.

Carbon Dioxide

Carbon dioxide, or CO,, is a naturally occurring gas, and also a by-product of burning fossil
fuels and biomass, as well as of land-use changes and other industrial processes. It is the most
important man-made greenhouse gas.

CO.e or CO, equivalent

Measures the combined climate changing potential of emissions of multiple greenhouse gases.
Emissions of each gas are converted to an amount of CO, that would cause the same climate
change impact.

Delivered Energy

Being produced from the primary energy sources, delivered energy is specifically the energy
measured at its point of delivery to the location of its end-use. “Delivered Energy” is
synonymous with the term “Consumer Energy”.

Energy Quality

Not all energy is created equal. Some forms of energy are more useful than others and therefore
are considered to be of higher quality. Energy is usually measured in terms of its ‘heat content’
particularly by statistical agencies — such measurements do not take account of the energy
quality of energy sources. Exergy and Emergy measures are used to adjust energy data to take
account of its energy quality. Somewhat analogously it can be said that not all currencies are
equal —a New Zealand dollar does not have the same purchasing power as the American dollar —
it would be incorrect to add a New Zealand dollar to an American dollar, without an exchange
rate conversion. The same is the case with energy.

End Use Energy

These are useful energy outputs which result from end-use processes in a given economy. They
include those proportions of energy actually useful to consumers. For example in cooking it
includes the energy absorbed into the cooking load, but not the waste heat lost to the
surrounding environment. The terms “effective”, “useful” and “final” energy are synonymous
and as such are used interchangeably in the literature (World Energy Conference, 1987;

D’Ermo, 1988).

Energy Efficiency

Any measure of the ratio of useful energy services to energy input. For the purposes of the
NZEECS, energy efficiency is defined by the Energy Efficiency and Conservation Act 2000 as
“a change to energy use that results in an increase in net benefits per unit of energy used”.
Patterson (1996) provides a critical review of the various definitions of the term ‘energy
efficiency’.
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Frozen Efficiency Forecast

This is a forecast of future energy use based on no change (improvement) in the efficiency of
conversion of delivered energy to end-use energy. Assuming that there will always be some
improvement in energy end-use efficiency in the future, the energy use for the Frozen Efficiency
Forecast will always be greater than the energy use for the Business-As-Usual Forecast.

Obijective Function

An objective function is simply any variable in the model that the user of the model wishes to
minimise and maximise. Constraints (and bounds) place a limit on the value of any variable of
model, and this limit can’t be violated in the solution of the model. Objective functions are
indeed the most ‘powerful” driver of optimisation models like OPENZ, in the sense the selection
of different objective functions will usually lead to very different results. For example, in
OPENZ, the selection of ‘minimising energy inputs’, as opposed to ‘minimising economic cost’
will lead to very different patterns of energy supply and demand as well as different technology
mixes.

Primary Energy Inputs

Primary energy inputs refer to the inputs of energy obtained from sources external to the
economy. That is, these energy inputs are either obtained from natural sources (e.g. falling
water, fossil fuel in the ground, wood, geothermal steam from the wellsite), or from other
countries (e.g. crude oil or electricity flows across national borders). By definition these
represent inward flows of energy across the system’s boundaries

1.6 Ambiguity of the Terms ‘Energy Savings’ and ‘Energy Efficiency’

Central to this project is the definition of terms ‘energy savings’ and ‘energy efficiency’. These
are however general concepts that don’t have one unequivocal agreed upon definition (Jollands,
2006; Patterson, 1996). Unfortunately, the definition of ‘energy efficiency’ used in the Energy
Efficiency and Conservation Act 2000, does not help much in terms of operational specificity,
as it is still very general: “a change to energy use that results in an increase in net benefits per
unit of energy used”.

There are a number of problems with this definition, in terms of usefulness in guiding the

operational definition of the concept of energy efficiency:

e the term ‘net benefits’ is very open to interpretation, although one assumes it means ‘net
benefit’ in the way that it is used in cost:benefit analysis and is therefore measured in
monetary units.

e the term ‘per unit of energy used’, is problematic as there are many different ways of
measuring ‘energy’.

This last point is most pertinent, in relation to the current optimisation modelling project. That
is, defining the energy savings potential in a valid way, also requires ‘energy’ to be measured in
a ‘valid’” way. The main issue here is that it is not valid to add-up ‘energy types’ of different
quality, when they are measured in terms of their ‘heat content’. In energy analysis, this issue is
called the ‘energy quality problem’ (Patterson, 1993).

There are a number of different ways that have been proposed to deal with the ‘energy quality’
problem, all of which require the measurement of energy in units that attempt to commensurate
their energy quality: Gibbs Free Energy, Exergy, Available Work, OECD Thermal Equivalents,
Fossil Fuel Equivalent, Transformity and Quality Equivalents. It is widely accepted the
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conventional measurement of energy inputs in terms of their ‘Heat Content’, although often
used for energy accounting purposes, is not appropriate for ‘adding up’ energy inputs of quality,
in evaluation exercises such as in this energy savings potential modelling exercise (Edwards,
1976; Webb and Ricketts, 1980; Roberts, 1979; Cleveland et al,. 2000). Appendix A critically
reviews the various different ways of measuring and adjusting for energy quality. In the
development and application of OPENZ, energy quantities were adjusted for energy quality by
using the ‘Quality Equivalent Methodology’ developed by Patterson (1993, 1996b). As pointed
out by Li et al. (2010): (1) the ‘Quality Equivalent Methodology’ is conceptually equivalent to
the Emergy method developed by Odum (1983, 1996); (2) the ‘Quality Equivalent
Methodology’ situates the Emergy method in a more rigorous and internally consistent
mathematical framework, whereas earlier versions of the Emergy Method were based on
cumbersome algorithmic routines such as the ‘track summing procedure’.
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2.  Key Assumptions and How to Drive the Model

OPENZ has a number of key assumptions which the user of the model can control, or leave at
the ‘default settings’. The default settings reflect a ‘Business-As- Usual’ (BAU) Situation.
These ‘Key Assumptions’ don’t include the ‘Mathematical Assumptions of Linear
Optimisation’ that are outlined in Appendix B.2 — these mathematical assumptions are more
difficult to change, as they require a re-formulation of the model equations and variables which
most users will be unable to do.

These key assumptions can be considered to be exogenous inputs® into the model. It needs to
be noted however many macro-economic modellers often show contempt for models that have a
significant number of exogenous inputs (assumptions), as these models are considered to lack in
mathematical and theoretical elegance. We don’t subscribe to that view.

Another way of viewing many of these key assumptions is that they are ‘control levers’ for the
model. That is, these assumptions are ‘levers’ by which the user can ‘control’ the model to
explore the implications of different assumptions. For example, there is a ‘default setting’ on
the size of ‘remaining natural gas reserves’ in New Zealand, but a particular user may wish to
understand the implications of there being a new discovery of natural gas. Similarly, a user may
wish to understand the implications of different ‘technology penetration’ rates and the impacts
of a government investing in an ‘accelerated retro-fit programme’ for commercial buildings. By
assuming that these ‘control levers’ only remain at the BAU default setting, precludes the
opportunity of exploring future energy policy and energy efficiency possibilities. This is
important as there are few commentators that would subscribe to the view, that the ‘Business-
As-Usual’ pathway is the preferred option for New Zealand, as it won’t and hasn’t dealt with
new imperatives such as climate change.

An optimisation model, like OPENZ, is also driven by the specification of objective functions
and constraints. Objective functions are simply any variable in the model that the user of the
model wishes to minimise and maximise. Constraints (and bounds) place a limit on the value of
any variable in the model, and this limit can’t be violated in the solution of the model.
Objective functions are indeed the most ‘powerful” driver of optimisation models like OPENZ,
in the sense that the selection of different objective functions will usually lead to very different
results. For example, in OPENZ, the selection of ‘minimising energy inputs’, as opposed to
‘minimising economic cost’ will lead to very different patterns of energy supply and demand as
well as different technology mixes.

2.1 Future GDP Contribution of Economic Sectors

The level of activity in the New Zealand economy is the key determinant of the quantitative
demand for end-use energy services (31 categories) in OPENZ. The greater the level of
production in the economy (of goods and services), the higher the demand of energy end-use

It is technically possible to endogenise many of the exogenous inputs into an optimisation model. For example, the GDP
projections of sectors could be endogenised if OPENZ is fully integrated with the EFM (Economic Futures Model). It is part of
the ‘art of model building’ to decide to what extent to endogenise variables. There is then a trade-off between model
transparency (more exogenous variables) versus model comprehensiveness (more endogenous variables). In OPENZ, we have
erred on the side of ‘transparency’ (more exogenous variables) as it was considered important that Users of the model can
understand and control the assumptions driving the model. That is, we wanted to avoid creating a ‘black box’ model.
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inputs to produce these goods and services. It is argued in Appendix B (section B.5.3) that there
is a very strong correlation between GDP production and the demand for energy end-use inputs
— furthermore, there is good empirical evidence from a number of sources (e.g. Cleveland et al.,
1984; Hall et al., 1986) that on a macro-level there is a strong correlation between economic
production and energy inputs.

Table 2.1  Business-As-Usual Growth Rates for the NZ Economy

Year Primary Commercial Industrial Transport and Household

Sector Sector Sector Storage Sector Sector

Household
Real GDP Real GDP Real GDP Real GDP Consumption
2007 1.0000 1.0000 1.0000 1.0000 1.0000
2008 1.0300 1.0227 1.0276 1.0198 1.0195
2009 1.0690 1.0460 1.0560 1.0400 1.0394
2010 1.0927 1.0697 1.0852 1.0606 1.0596
2011 1.1254 1.0940 1.1152 1.0816 1.0803
2012 1.1514 1.1166 1.1417 1.1018 1.0991
2013 1.1780 1.1396 1.1687 1.1223 1.1183
2014 1.2053 1.1631 1.1964 1.1432 1.1378
2015 1.2331 1.1871 1.2248 1.1645 1.1576
2016 1.2616 1.2116 1.2538 1.1862 1.1778
2017 1.2914 1.2354 1.2826 1.2076 1.1963
2018 1.3219 1.2596 1.3122 1.2294 1.2152
2019 1.3531 1.2844 1.3424 1.2515 1.2343
2020 1.3851 1.3096 1.3733 1.2741 1.2537
2021 14178 1.3353 1.4049 1.2970 1.2735
2022 1.4511 1.3606 1.4364 1.3198 1.2917
2023 1.4851 1.3863 1.4686 1.3429 1.3101
2024 1.5199 1.4125 1.5014 1.3665 1.3289
2025 1.5556 1.4391 1.5351 1.3905 1.3479
2026 1.5921 1.4663 1.5695 1.4149 1.3671
Notes:

1. Index Base = 1.0000 for Year Ending March 2007.
2. From ‘Business-As-Usual Projection from the Economics Future Model, Market Economics Ltd.

GDP projections (as a predictor of sectoral energy end-use demand), were obtained from the
Economic Futures Model (EFM) developed by McDonald and Patterson (2008) — refer to
Appendix B (Section B.5.2 and B.5.3) for further details. The GDP projections for a ‘Business-
As-Usual’ NZ Economy, at the 4 sector level, as produced by the EFM model, outlined by
Table 4.1. These EFM ‘Business-As-Usual’ projections indicate large increases in the GDP
output of sectors, and hence in aggregated end-use demand: Primary Sector (59.2%),
Commercial Sector (46.7%), Industrial Sector (56.9%) and Transport and Storage Sector
(41.5%).

The reasons for using the Economic Futures Model (EFM) for projecting the ‘Business-As-
Usual’ GDP output, rather than other sources is that it offers two advantages: (1) the EFM is
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available at the 48 sector level, which can be readily aggregated to the 37 EECA database model
sector categories. The author is not aware of other models that project GDP to 2025/26 at such
a fine level of sectoral disaggregation and certainly does not have access to them; (2) The
author of this report has ready access to the EFM, as he was a PhD supervisor overseeing the
development of this model which gives him some propriety rights to use it. This could prove to
be very useful if the decision is made to fully integrate the EFM and OPENZ at some future
stage, as is argued in Section 10.

In addition it should be noted that the BAU GDP projection for the entire NZ economy produced
by the EFM for 2006/07 to 2025/26 are very similar to those produced by the Treasury’s 2005
Budget Forecast. This Treasury 2005 Budget Forecast was used in the Ministry of Economic
Development’s (2006) New Zealand’s Energy Outlook to 2030. QOverall the Economic Futures
Models BAU saw the NZ economy increasing its GDP by 47.66% over the 2006/07 to 2025/26,
whereas the Treasury forecasted a GDP increase of 52.95% (refer to Table 4.2). This is a quite
similar forecast projection, bearing in mind the inherent difficulties of economic forecasting
over a 20 year period and the different methodology used to produce these forecasts/projections.

For projecting household sector end-use demand (across 22 end-use categories) ‘household
consumption’ ($) is used instead of the sometimes used proxy ‘household population’. The
reason for using ‘household consumption’ is that population will probably under-estimate the
increase in end-use demand. This is due to the end-use demand per capita probably increasing
due to more disposable income ($) being spent on energy consuming capital goods. There is
anecdotal evidence, partially substantiated by the HEEP studies (Isaacs, et al., 2006), that there
has been an energy intensification in the household sector over the last decade with the
proliferation of entertainment based electronic equipment and the rapid increase in the use of
heat pumps. Such trends in energy intensification would more adequately be predicted by the
use of a ‘household consumption ($)’ scalar rather than a population scalar. Over the 2006/07 —
2025/26 period population is only projected to increase by 16.83% (Statistics New Zealand,
2009), whereas according to the EFM BAU projection household consumption ($) is calculated
to increase by 36.71%.

2.2 Natural Gas Use for Methanol and Urea Production

In 2007 the petrochemicals sector accounted for 14.6% of New Zealand natural gas use during
that year, of which 10.5% was for methanol production and 4.1% for ammonia/urea production.

The ‘default setting” in OPENZ for methanol and urea production is 23.7 PJ/yr which is the
2007 level of production reported by the MED’s (2008b) Energy Data File. This assumption
about the level of petrochemical (methanol, ammonia, and urea) production has to be made in
OPENZ, because petrochemicals are still a significant use of New Zealand’s very limited
known natural gas reserves. That is, at the ‘default setting” of 23.7 PJ/yr, this amounts to 470 PJ
over the 2006/07 — 2025/26 period, which compares to 2,428 PJ of known natural gas reserves
considered to be available by the Ministry of Economic Development (2008b).
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Table 2.2 Comparison of Business-As-Usual GDP Projection

Year End Economic Futures Treasury and ‘Energy Difference (%0)
March Model Outlook’
2007 1.0000 1.0000 0.00
2008 1.0233 1.0325 0.90
2009 1.0471 1.0637 1.58
2010 1.0715 1.0929 2.00
2011 1.0965 1.1212 2.25
2012 1.1194 1.1495 2.69
2013 1.1427 1.1778 3.07
2014 1.1666 1.2062 3.39
2015 1.1909 1.2344 3.65
2016 1.2158 1.2626 3.85
2017 1.2401 1.2907 4.08
2018 1.2649 1.3187 4.25
2019 1.2901 1.3464 4.36
2020 1.3159 1.3740 4.41
2021 1.3422 1.4012 4.39
2022 1.3681 1.4280 4.38
2023 1.3944 1.4542 4.29
2024 1.4213 1.4799 4.13
2025 1.4487 1.5050 3.89
2026 1.4766 1.5295 3.58

Notes:

1. Index Base = 1.0000 for Year Ending March 2007.

2. From ‘Business-As-Usual Projection from the Economics Future Model, Market Economics Ltd.

3. Treasury 2005 Budget Forecast and ales used as the ‘Base Case’ NZ Energy Outlook to 2030 (MED, 2006).

The 23.7 PJ/yr ‘default setting’ for petrochemical use could be considered to be too high, in
view of the increasingly more difficult commercial viability of petrochemical production from
natural gas. In this regard Statistics New Zealand (2008) report the Motunui Methanol Plant
was closed in November 2004 as a consequence of natural gas restraints, and the Waitara
Methanol plant operates when economically priced gas is available.

2.3  Size of Remaining Natural Gas Use Reserves

New Zealand over the last three decades has heavily relied upon the Maui Gas field for its
natural gas supply, not only for electricity production, direct use by industry, commerce and
households and petrochemical production, but also in the not too distant past for synthetic petrol
production. Those days are all but ended, with the MED (2008) reporting 489.6 PJ of
‘remaining’ Maui Gas reserves at 1 January 2008.

In spite of considerable known remaining natural gas reserves (1,705 PJ) available from other

fields, particularly Pohakura (1,064 PJ), the size of remaining natural gas reserves could be
critical in determining the optimal pattern of energy use in New Zealand, in the OPENZ model.
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The ‘default setting’ for known remaining gas reserves in OPENZ, at March 2006 has been set
at 2,427.6 PJ, based on data of known ‘remaining’ gas reserves reported by the Ministry of
Economic Development (2008). There is however considerable uncertainty about this figure,
over the 2006/07 — 2025/26 time horizon of the OPENZ model, as new discoveries will
probably be made over this period. For this reason, the User of the OPENZ model needs to
estimate the level of new natural gas discoveries as a percentage increase of known reserves at
March 2006. The default setting is 20%, which increases the remaining reserves at March 2006
from 2,427.6PJ to 2,913.1PJ. It should be noted that this default setting at 20% may be
considered to be too pessimistic by some experts®. For example, the Crown Minerals website
states:
“All of New Zealand’s production so far has been from the Taranaki Basin, the country’s
most explored and commercially successful hydrocarbon province. However, the basin is
only moderately explored compared with basins world-wide, and there is considerable
scope for further commercial discoveries as demonstrated by recent exploration successes.

The rest of New Zealand is severely under-explored, and most sedimentary basins have the
potential for commercial hydrocarbon discoveries. Many untested structural closures are
potentially larger than the giant Maui field in the Taranaki Basin ... Ongoing exploration
can be expected to lead to further finds here and in other basins.”

The ‘backstop position’ if New Zealand’s natural gas reserves are depleted to economically
unviable levels, is to import natural gas either as liquefied natural gas or compressed natural
gas. Indeed, the economics of natural gas supply may mean that imported natural gas is a
preferred option some time before the actual projected depletion of remaining natural gas
reserves in NZ (Centre for Advanced Engineering, 2005). Details of how OPENZ quantifies
these dynamics are contained in the description of the ‘Energy Supply Module’ (Section 3).

2.4  Rebound Effects

The rebound (or ‘take back’) effect is when an increase in ‘energy efficiency’ actually leads to
some increase in energy use. For example, a householder who installs a heat pump,
theoretically should decrease their electricity use. This would be the case if the householder,
heated his/her home to exactly the same level. However, what actually happens in many cases
is that with the improved technology, the householder increases his/her electricity use
proportionately.

OPENZ only quantifies and evaluates the ‘Rebound Effect’ in the Household Sector, with
respect to home insulation modalities (ceiling, wall, floor, double glazing) and heat pump
installations. There are also possible ‘rebound effects’ from the installation of energy efficient
lighting, other space heating improvements in addition to heat pumps, and perhaps energy
efficient transport based on overseas evidence. These ‘rebound effects’, and those from non-
household sectors, could be included could be quantified in the future development of OPENZ —
although the numerical magnitude of these rebound are expected to be generally much smaller.

The ‘default setting’ for the ‘rebound effect’ for all home insulation modalities (ceiling, wall,
floor, double glazing) is assumed to be 44%. That is, 44% of the ‘energy savings’ obtained

% Notwithstanding the optimism about new discoveries by Crown Minerals (and others) even if there are new discoveries, as is

pointed out by the Ministry of Economic Development (2006), there is a considerable lead time required to put in place the
infrastructure to utilise newly discovered gas reserves. For example, it took 10 years from the discovery of the Maui Gas Field
in 1969, to when the first gas was used in 1979.
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from improved insulation, is actually used to heat homes to a higher level of comfort. The
OPENZ model equations therefore for the ‘default setting’: (a) calculates the net energy savings
(56% of the theoretical) of delivered energy inputs; (b) calculates the increase in space heating
levels from the rebound effect. The ‘default setting” in OPENZ at 44% for home insulation
rebound effect was derived from Howden-Chapman et al. (2005, 2009) survey of 1,100
households in New Zealand. It needs to be noted that: (a) this 44% rebound effect for home
insulation is significantly higher than that obtained for studies in other countries, which
generally show a rebound effect for insulation in the range of 10-35% (Greening, et al, 2000;
Haas and Biermayer, 2000; Schipper and Grubb, 2000). This higher than average rebound
effect for New Zealand however is probably not unexpected due to the relatively poor level of
insulation in New Zealand housing stock, which means that the motivation for improving
insulation is not only to ‘save energy’ but almost equally important is to ‘improve comfort
levels’, (b) there is no distinction, due to lack of data, in the rebound effect for the different
types of insulation (ceiling, wall, floor, double glazing). That is, OPENZ applies the same
percentage effect to all types of insulation. Future developments at OPENZ could easily apply
different ‘rebound effects’ to different insulation types if the requisite empirical evidence
becomes available.

The ‘default setting’ for the ‘rebound effect’ from newly installed heat pumps in OPENZ is
20%. This figure of 20% could be considered to be too low in view of the figure of 44% for
insulations. However, it is selected as it is broadly consistent with the overseas empirical
evidence (Greening, et al., 2000). No known reliable New Zealand data is available for the
‘rebound effect’ of heat pumps, which is a concern given the rapid increase in Heat Pump use
by householders in the last 5-10 years (French, et al., 2007). As with home insulation, the
OPENZ equations calculate: (a) the net energy savings (80% of the theoretical savings for the
default settings); (b) increase in space heating levels (Terajoules of end-use) from the rebound
effect.

2.5 Carbon Prices

The proper evaluation of the economic potential for energy savings should include benefit
externalities (e.g. improved health) and cost externalities (e.g. environmental impacts caused by
emissions). Although it is largely beyond the scope of this optimisation modelling exercise to
measure these externalities, the cost externality of energy related greenhouse gas emissions can
be taken account of. In this respect, the cost ($) per tonne of CO, equivalents are used (for each
process) to calculate the carbon credits, which would need to be purchased to ‘offset’
greenhouse gas emitted by each process — this resultant cost ($) can then be added to the other
(market-based) costs of running that process.

It is important to include these carbon costs ($) into the calculations as they are not only
probably in an overall sense the largest externality related to energy use, but there is a strong
likelihood that in the foreseeable future such carbon prices will be ‘internalised’ into market
prices, whether that be direct through a carbon tax or indirectly through an emissions trading
scheme.

There is a large uncertainty about the future price of carbon, as these markets are only in their
very infancy and more critically it is uncertain to what extent governments worldwide will act to
establish these markets. Until specifics, such as quantity caps are agreed upon in an enduring
way, it is very difficult to forecast future market prices of carbon, certainly not up to 2025/26 as
needed in this modelling exercise. Unfortunately reports such as the ‘State and Trends of
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Carbon Markets 2008’ by the World Bank (2008) although comprehensive provides little
reliable data on future carbon prices.

The ‘default setting” in OPENZ for carbon price is $17.61 for 2006/07. This is based on an
inflation adjusted figure of $,00315/tonne CO, equivalents, used by East Harbour Management
Services (2004, 2005) in various reports for the Ministry of Economic Development. This base
year figure in OPENZ of $17.61/CO, equivalent tonnes”” is progressively increased to
$27.0/CO, equivalent tonnes by the end of the 20 year period, with increases of $0.50/CO,
equivalent tonnes for each year. This annual increase in the price of carbon is based on the
assumption that the price of carbon will inevitably increase due to: (1) increased demand for
carbon credits as economies expand (due to strong forecasted global GDP growth); (2) a tight
market of close-to-fixed supply quantity (or even reduced quantity) of carbon credits as
government progressively set quantitative targets for greenhouse gas emissions.

2.6 Imported Versus Indigenous Supply of Fuels

Energy self sufficiency for New Zealand has been under previous governments an important
energy policy goal (Patterson, 1995). This was particularly the case in the 1970’s and early
1980’s, during the so-called ‘energy crisis’ years where lack of oil supply (high prices of oil)
was considered to be a significant external threat to New Zealand’s well-being and security.
Nowadays ‘energy self sufficiency’ is less important and often not considered at all, in
government energy policy documents such as the New Zealand Energy Strategy to 2050
(Ministry of Economic Development, 2007). The reasons for this shift of policy emphasis away
from energy ‘self sufficiency’ lies in a number of factors but perhaps most importantly the
increased globalisation and interdependencies of markets and economies worldwide. In this
context the dominant policy paradigm assumes that any deficiency in energy supply (e.g.
depletion of our natural gas fields) will be overcome by importing energy products. This
argument seems to hold weight in spite of the relative isolation of New Zealand from potential
energy suppliers.

Nevertheless, OPENZ does require the user to specify permissible levels of imported supply for
crude oil and coal. It should be noted that perhaps OPENZ could endogenously determine
whether to import these primary fuels, based on cost ($) or other criteria specified in the
objective function. Unfortunately this is not possible due to the lack of reliable cost ($) data for
importing fuels and model degeneracy (due to equally favourable options) that arise between
selecting ‘indigenous’ verses ‘imported’ fuels, if criteria like GHG emissions are used in the
objective function.

The ‘default setting” in OPENZ for the maximum allowable level of imported Crude Oil is

84.97% based on the actual 2006/07 level; with 15.49% being the maximum allowable level of
imported Coal also based on the actual 2006/07 level.

2.7  Land Available for Biomass Energy Farming

A wide range of technologies exist for converting biomass into liquid fuels, and good data is
available on the costs of these conversion processes. Perhaps the most comprehensive review is

27" This is lower than the price of 10 Euros/tonne CO, equivalent ($NZ 23.95/tonne CO, equivalent) for 31 December 2008, by the
New Zealand Treasury. Refer to the Treasury’s information release “Carbon Price Information Releases: New Zealand’s
Position under the Kyoto Protocol: http/www.treasury.govt.nz/government/kyotoposition/carbon price

Riverdale Associates



Key Assumptions and How to Drive the Model

the International Energy Agency’s (2004) ‘Biofuels for Transport’ publication, which nicely
complements a New Zealand orientated review by EME Consulting (2007). There is also very
valuable data available from previous studies carried out in New Zealand in the 1970’s and
1980°s dating back to original work by the DSIR (1975). Perhaps the most exhaustive study
was that undertaken by Harris et al. (1979) which contains detailed feasibility studies of a
number of options for producing transport fuels ranging from the project economics, net energy
analysis, regional development, environmental and social impacts. A recently completed study
by Hall et al. (2009) similarly reviewed ‘bio-energy options from forestry’, albeit at a somewhat
broader and less-technology specific level.

Although New Zealand seemingly has abundant land for biomass energy farming, there are
constraints on how much land can be set aside for this purpose particularly when competing
land uses are considered. In this respect the most pressing constraint is ‘using land for biomass
farming’ versus ‘using land for export orientated food production’. This is particularly the case
when it comes to producing agricultural crops like lucerne, fodder beet, sugar beet, maize (and
so forth) for conversion to transport fuels. The opportunity cost of using agricultural high
quality land for biomass energy farms, is significant whether viewed from a business
perspective or a national economic perspective.

Harris et al. (1979) estimated the land available in New Zealand for various agricultural crops:
Maize (2,447,000 ha), Beet (3,087,000 ha) and Lucerne (4,373,000 ha). We selected the land
area for Beet as being the ‘proxy’ for the amount of land available for all agricultural crops in
the OPENZ model. This proxy value of 3,087,000ha is the maximum area of the appropriate
land use classification category, which is available to grow agricultural crops. This is
considered to be a ‘theoretical upper limit’, on the land available rather than a ‘realistic upper
limit’ of land available to grow agricultural crops to produce liquid transport fuels. The reason
being is that much of this high quality land is currently used for food production primarily for
export and it would be ‘unrealistic’ to convert it for use for biomass energy farming given the
importance of export food (and fibre) production to the New Zealand economy. Therefore, the
‘default setting’ is that 20% of this agricultural land, is made available for biomass energy
farming in order to minimise the impact on food (and to some extent fibre) production.

Harris et al. (1979) also estimated that 7,068,600 ha are available for Radiata Pine plantations.
Following a similar argument for the ‘default setting’, as for agricultural crops, it is assumed
that realistically only 20% of this would be available for growing trees for liquid fuel
production.

In sum, the ‘default settings’ for biomass farms for liquid fuels production is:
e 617,940 hectares for agricultural crops
e 1,411,500 hectares for silviculture (forestry)

This figure for silviculture compares with the various ‘bio-energy from forestry scenarios’
determined by Hall et al. (2009) of: 800,000 ha; 1,800,000ha; 3,300,000ha; and 4,900,00ha. The
OPENZ user is of course free to use any of these land areas from Hall et al. (2009), instead of
the OPENZ default setting.

Ideally, of course, the economics of biomass energy (farming versus food/fibre production),

should determine the exact division of land between the two competitive land uses, rather than
selecting a particular ‘default setting.’
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2.8 Technology Penetration Rates

A critical factor in determining ‘energy savings potential’ is the rate of penetration of new
technologies. One of the key limitations of macro-economic models (e.g. Computable General
Equilibrium models) is that they often assume instantaneous uptake of new technologies —
though it needs to be acknowledged that macro-economic modellers are very aware of this
problem, and have developed various methods to address this issue (McFarland, Reilly and
Herzog, 2004).

In some circumstances the adaptation of new technology can be very rapid (e.g. adoption of
LCD televisions, or DVD players), in the household sector. In other cases, the adoption of new
technologies, although ipso facto appearing to be optimal, often is notoriously slow. This
particularly applies to the Industrial sector, when new plant and equipment is not
instantaneously adopted even though it is better and more efficient, until the old plant and
equipment has reached the end of its lifetime. The large investment required to put in place new
more efficient technology is often a disincentive, as well as sometimes there are
technical/engineering barriers that prevent the immediate adoption of a new technology (Brown,
2001).

Economists such as Ruth and Amato (2002) have developed operational ‘Vintage Capital
Models’ to constrain the rate of adoption of new technologies. These models give some
attention to the ‘long lead times needed’ in adopting new technologies, ‘slow turnover rates’ for
capital items (energy plant and equipment), the ‘long-lived nature’ of capital stock and the
extent to which capital is ‘malleable’. To operationalise, these ‘Vintage Capital Models’,
requires a detailed knowledge and quantification of energy capital stock, which would be
difficult in the New Zealand context due to the lack of data. Another approach is to
mathematically specify market penetration functions, typically sigmoid to specify the rate of
new technology uptake (e.g. McFarland, Reilly and Herzog, 2004). Again the base data required
to specify these mathematical functions is not readily available in New Zealand, although for
some technologies ‘historical’ rates of update of similar technologies in New Zealand could
provide some basis for their specification.

In OPENZ ‘upper bounds’ applied to the activity levels of all of the processes (518) in the five
energy demand sectors. These ‘upper bounds’ reflect the maximum possible market penetration
of a new technology.

For the five?® energy demand sectors, the market penetration rates are controlled differently by
the OPENZ user, depending on whether it is an ‘energy savings measure’ or a ‘technology-
explicit end-use process’. To be specific:

e Energy Savings Measures: For each of the 204 ‘energy savings measures’ drawn from
updated Henderson (1994) data, the OPENZ user needs to specify: (i) the maximum level of
permissible uptake by 2026/27: (ii) the estimated uptake of the technology that has already
been achieved from 1991/92 to 2006/07. Based on this data, OPENZ then calculates the
annual maximum uptake rates permissible based on a linear interpolation of the 2006/07 and
2026/27 values. The OPENZ algorithm allows the user to specify these values generically
across all sectors of the economy or specifically for each individual energy savings
measure.

% The model reports and computes the optimum energy supply and demand patterns, at the 5 sector level. However, the end-use

energy demand projections are calculated at the 37 sector level using projections of future sector activity from the ‘Economic
Futures Model’.
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e Technology-Explicit End-Use Processes. For each of the 380 ‘technology-explicit end-use
processes’ the OPENZ User needs to specify: (i) for existing technologies, the maximum
growth of these processes from the base year (2006/07) to the terminal year (2026/27). For
each sector, some generic maximum growth rates are provided in terms of the descriptions
‘maximum penetration’, ‘medium penetration’ and ‘low penetration’ **%; (ii) for new
technologies, the proportion of each end-use energy that can be supplied by new
technologies by 2026/27 needs to be specified by the OPENZ User. For example, if the
OPENZ User considers that all lighting in the Householder sector can be supplied by ‘new’
technologies, then s/he would enter 100%. The OPENZ algorithm allows the OPENZ User
to specify values generically across all new technology processes for a particular end-use, or

alternatively individually for each process if that degree of specificity is required.

For the energy supply sectors, it is possible for further, quicker adaptation of new technologies
(albeit that there are often considerable lead-up times required) — e.g. a new hydro-electric dam
may be capable of generating 5PJ electricity/year which translates in going from zero activity
for that process to 5PJ within a year, which is a far greater ‘switch’ than is the case with end-use
demand processes that change more incrementally. Furthermore, in most of our initial runs at
OPENZ, the energy supply processes, in the absence of penetration constraints, generally
exhibit plausible penetration rates. For example, in the case of OPENZ runs that minimise
economic cost ($), the new electricity processes gradually come on stream according to a very
well defined merit order. Therefore, at the current stage of OPENZ development we have put
little effort into ‘constraining’ the uptake of new energy supply technologies simply because it
was not deemed necessary.

We have only found it necessary to ‘constrain’ the uptake in the case of using ‘minimised
primary energy inputs’ as the objective function, as the ‘merit order’ for ‘energy inputs’ does
not necessarily favour existing plant — in this case, simply imposing a constraint to ensure that
existing hydro-electricity, geothermal and wind plant were used first, sufficed.

For most, technologies (as depicted by a process), these maximum penetration rates, are
considerably higher than historical rates of change in the household, but nevertheless are
considered ‘realistic’ if there was a concerted effort by government and private sector interests
to adopt energy efficient technologies. Indeed, in some areas, for example like heat pumps over
recent years, the rate of adoption has been close to the aforementioned maximum penetration
rates (French et al., 2007). Furthermore, in some instances the rate of market penetration could
be even higher than these ‘default settings’ — for example, regulation to prohibit the use of
incandescent light could mean that the realistic maximum rate for new forms of lighting
technology could be as high as 90%.

2.9 Discount Rates

Discount rates in a public sector cost:benefit analysis remain a controversial area. This
particularly applies to investment options that have long term environmental impacts, because
the procedure of discounting inherently places less importance on benefits and costs that occur
further into the future. Although the application of relatively high discount rates as applied to

2 For example, for the Household Sector there are: high (220%), medium (135%) and low (50%) penetration bounds. This

means, by point of illustration, that for the ‘low’ penetration bounds (50%), the activity level of each existing ‘technology-
explicit end-use process’, in the household can only increase by 50% of the 2006/07 base-year value — e.g., lighting supplied by
incandescent lights in 2025/26 can only increase by 50% of the 2006/07 level.

In general terms, if the OPENZ User specified a ‘penetration bounds’ less than ‘low’, then this would lead to an ‘infeasible’
solution to the optimisation problem. That is, in general terms, ‘low’ represents the lowest possible penetration rate. Whereas,
‘high’ represents the maximum penetration rate that could be optimistically expected.
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environmental management problems has been widely questioned for some time (Wright, 1988;
Howarth and Norgaard, 1993) only recently have mainstream economists begun to accept this
criticism. Most notably has been the use of a 1.4% discount rate used in the Stern Review
(Stern, 2007) which argued that for analysing climate change policy this lower than normal rate
was a more appropriate rate. In spite of this position by Stern (2007), a number of economists,
most notably Nordhaus (2007), disagree with the use of such a low discount rate for evaluating
climate change policy options.

The position of the New Zealand Treasury for many years has been to use a 10% real discount
rate for public sector cost:benefit analysis. Many of the costings and feasibility studies
undertaken by East Harbour Management Services (2004, 2005) and other analysts, that have
been used in OPENZ, have used a discount rate of 10% although frequently the results are also
presented in terms of other discount rates.

The “default setting’ for the real discount rate in OPENZ, is set at 10% to be consistent with the
New Zealand Treasury official rate. However, it could be legitimately argued, because OPENZ
is implicitly evaluating energy policy options that have long term consequences (climate
change, resource depletion), then much lower discount rates are applicable. If on the other
hand, OPENZ Users are evaluating the options in terms of commercial decision rules (as
appropriate to businesses), then higher discount rates as recommended by the Treasury are more
appropriate.

2.10 Energy Prices

The prices and costs in ‘OPENZ’ model are measured in $2006/07 including GST payments
where appropriate. For example, GST is included in Household Sector prices as GST is
generally not refundable to most householders. Road-user charges are also included, where they
are applicable.

In the OPENZ, some prices are endogenously determined by the model itself, and some are
exogenously imported into the model.

2.10.1 Exogenously Determined Prices

Exogenously prices generally (but not always)® occur in OPENZ, when energy prices are
primarily determined by international market prices. That is, when New Zealand is a ‘price-
taker’, and hence it is not appropriate to endogenously determine the energy prices within the
OPENZ model.

Where possible the base year delivered energy prices for all sectors were obtained from data in
the Energy Data File published by the Ministry of Economic Development (2008).
Unfortunately there were a number of significant omissions in the price data in the Energy Data
File (e.g. coal prices), that required these prices to be obtained from other sources including
other published reports or internet sources. The most valuable alternative source of price data
were the various reports by East Harbour Services Management (2004, 2005) and Donovan et
al. (2009).

%1 The notable exceptions are ‘wood’, ‘black liquor’ and ‘geothermal heat’ with are minor fuels where there simply is not enough

data to endogenise their price determination within OPENZ
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The future delivered energy costs were almost entirely drawn from Donovan et al.’s (2009)
report to the Auckland Regional Council that provides a very thorough analysis of future energy
prices from 2008 to 2060. This analysis by Donovan et al. (2009) utilizes various pricing
models, in conjunction with sophisticated statistical analyses as well as judgemental inputs from
industry experts. Donovan et al.’s (2009) price forecast, were normalised, so that they
corresponded with actual delivered energy inputs for the base year.

Specifically the following ‘delivered energy prices’ were imported into the OPENZ model, as
exogenous variables:

Auviation Fuel

Black Liquor

Coal

Diesel

Fuel Oil

Geothermal

LPG

Petrol

Wood

e Liquefied Natural Gas (Imported)®

The ‘default settings’ for these ‘delivered energy’ types across the four main sectors in the
Economy are outlined by Tables C1 — C9 in Appendix C.

In reality all of these delivered energy prices are subject to uncertainties, which are difficult to
reliably estimate. Forecasting energy prices is a notoriously difficult task even over short time
horizons, not to mention over a 20 year time horizon. Many of these prices are linked to
international crude oil prices which are very difficult and unpredictable where invariably even
expert/consensus forecasts being proven to be inaccurate.

The ‘default settings’ for the delivered energy inputs are therefore considered to be ‘best
available estimates’ in an uncertain world. Users of OPENZ can accordingly adjust these
default settings for the prices, according to new information that comes to hand, and as part of a
sensitivity analysis that can test out the implications of changing prices across a plausible range.

2.10.2 Endogenously Determined Prices

For some delivered energy inputs that are, or can be, produced within New Zealand, the
delivered energy prices are determined endogenously by the OPENZ model. These include:

e Electricity

Ethanol

Methanol

Biogas

Synthetic Petrol

Synthetic Diesel

Natural Gas

The delivered energy price for Natural Gas (from indigenous fields) is determined by a block-
wise supply curve, based on data from the Centre for Advanced Engineering (2005), Ministry of

% No reliable data could be found for Primary Sector delivered energy prices. However, generally speaking primary sector

delivered energy prices, are similar to Commercial Sector delivered energy prices.
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Economic Development (2006), Wilkinson (2005) and Donovan et al. (2009). The delivered
energy price for all the other indigenously produced delivered energy types listed above is
calculated endogenously in the Energy Supply Module at OPENZ — refer to Section 5 for
further details. The modus operandus for these endogenous price determination calculations by
OPENZ, is to calculate the energy production costs, and then add a wholesale and retail margin
equal to the 2006/07 base year level for that particular energy type.

2.11 Policy Goals and the Objective Functions

OPENZ is an optimisation model and as such the most powerful ‘driver’ of the model is the
choice of objective function. As argued elsewhere in the report, there is actually considerable
flexibility within OPENZ to select a range of objective functions that are reflective of actual or
potential government energy policy goals:

e Minimisation of energy inputs

e Minimisation of CO2 emissions

e Minimisation of the economic cost of energy supply (of end-use services)

In the initial operationalisation of OPENZ in this report to EECA, however, the emphasis has

been defining ‘energy savings potential’. This means that we have used minimisation of energy

inputs and minimisation of the economic costs as the objective functions. Specifically, the

following ‘energy savings’ potentials have been defined by using these objective functions:

e Technical Energy Savings Potential (minimisation of energy inputs, with ‘high’ technology
penetration constraints.)

e Economic Energy Savings Potential (minimisation of economic costs, with ‘high’
technology penetration constraints.)

e Realisable Energy Savings Potential (minimisation of economic costs, with ‘low’
technology penetration constraints.)

The ‘energy savings’ to be achieved would be a priori expected to be: Technical Energy

Savings > Economic Energy Savings > Realisable Energy Savings.

2.12 Policy Constraints

Another way of reflecting government policy goals in OPENZ, is by way of specifying
‘constraints’. For example, the user of OPENZ may wish to make sure that the CO, emissions
don’t exceed, say, 1990 levels of CO, emissions.

At this stage in the development of OPENZ the following policy goals can be imposed (by way

of ‘constraints’) on the model solutions:

e Percentage of electricity being generated from renewable sources. The New Zealand
Government’s current target is 90%.

e Percentage of primary energy sources that are from ‘renewable sources’.

e Percentage of electricity from wind. It has been suggested by PA Consultants (2009) and
the Electricity Commission (2007) that the upper limit is about 20%, due to technical
operational reasons.

e Maximum amount of CO, emissions (kilotonnes/yr) that is permitted to be produced by the
economy. This amount could be reflective of Kyoto Protocol imposed targets.
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3. Energy Supply Module

3.1 Rationale for Including an Energy Supply Module

Some may question why an ‘energy savings potential model’ should have an ‘energy supply
module’. The reasons for including an ‘Energy Supply Module’ in OPENZ are essentially
twofold. Firstly, and most, importantly, you cannot validly assess ‘energy savings’ or CO,
emissions’ effects by just in isolation considering end-use processes — although that is often the
way analysts approach the problem with a sole focus on end-use processes — e.g. Henderson
(1994). The case of an electric car provides a good example of this. The ‘potential savings of
energy and/or reduction of ‘CO; emissions’, that an electric car can achieve, depends on how
the electricity is supplied — there will be very different answers to the questions of ‘energy
savings’ or ‘CO, reductions’ achieved, if for example the electricity is supplied by a coal-fired
thermal power station or from wind generation. Secondly, and related to the first point, an
assessment of the ‘Economic Potential for Energy Savings’ also depends on the cost of energy
supply. Taking the electric car example again, the cost ($) of electricity is not fixed, but
depends on how the electricity is generated — e.g., extra electricity generation caused by
widespread adoption of electric cars, may push upwards the cost ($) of electricity as existing
electricity capacity is not sufficient. The trade-off between costs incurred on the supply side
versus cost savings (and other benefits) on the demand side needs to be assessed in an
interactive way, if a realistic assessment of the ‘Economic Potential for Energy Savings’ is to be
achieved. Demand-side ‘supply curves’ exercises such as those carried out by Henderson
(1994) and Wright and Baines (1986), although helpful, do ignore these trade-offs/interactions.

The intention of including an Energy Supply Module in OPENZ, does not duplicate or replace
other models that have a supply-side focus (e.g. Ministry of Economic Development’s SADEM
Model). Rather, the intention is to include an Energy Supply Module that has sufficient detail
to capture the main linkages between demand-side energy efficiency options, and supply-side
dynamics. In particular, with respect to the supply-side, OPENZ will focus in a technology-
specific way on the new options (processes) for extra energy supply capacity in the future,
drawing on the now very good data on the economics of new energy supply options for New
Zealand that is currently available. The treatment of existing capacity in OPENZ is more
aggregative, as it is assumed that this capacity is a given ‘starting point’ and it is unlikely for
example that New Zealand’s existing hydro electricity supply capacity will not be used in the
foreseeable future. In this way existing capacity in OPENZ is characterised by 66 aggregative
equations that quantify the main energy supply options: 42 for electricity supply, 20 for
transport fuels supply and 4 for heating fuels supply. Other models, such as SADEM, will
contain more detailed data on supply-side options that utilise existing capacity.

3.2 Electricity Supply Processes

New Zealand’s electricity supply system is complex and much modelling effort could be put
into capturing this complexity. SADEM and other models have a focus on capturing this
complexity and there are many possibilities to include pricing and generating options in the
electricity sector (Denne et al., 2005a). As previously stated, it is not our goal to even attempt
to encapsulate the complexity (including pricing, temporal, spatial aspects) in OPENZ, rather to
provide a sufficient characterisation of electricity supply to answer our primary research
questions (‘energy savings potentials’, ‘CO, emissions reductions’). Needless to say, in the
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future, there may be an opportunity to provide a more detailed electricity supply module in
OPENZ, or to interface OPENZ with other models that have such a focus.

3.2.1 Existing Electricity Supply Processes

OPENZ characterises New Zealand’s existing electricity supply system in terms of 13 existing
processes (E1 to E13). The term ‘processes’ here is used in a general sense as each of the
‘processes’ (E1 to E13) is more precisely an aggregation of processes. For example, process
(E1) summarises the activity of all New Zealand’s hydro-electricity generation dams into one
aggregate process ranging from the largest dams like Benmore and Clyde to relatively small
dams like Mangahao.

Table 3.1 provides a summary of the data for those 13 existing electricity generation processes
(E1 to E13) that form part of the Energy Supply Module of OPENZ. It is possible to construct a
10 block supply curve of these processes, arranged in terms of merit order:

Hydro — Electricity 1.02 $/GJ 79.25PJ]
Geothermal — Electricity 1.04 $/GJ 11.08 PJ
Wind — Electricity 1.37 $/GJ 2.22 PJ
Biogas — Electricity 1.69 $/GJ 0.70PJ
Waste Heat — Electricity 1.69 $/GJ 0.20PJ
Wood — Electricity 1.69 $/GJ 1.03PJ
Natural Gas (Co-gen) — Electricity 5.26 $/GJ 27.70PJ
Coal (Co-gen) — Electricity 13.90 $/GJ 2.10PJ
Coal & Gas (Huntly) — Electricity 17.47 $/GJ*®  25.25P]
Fuel Oil — Electricity 28.03 $/GJ 0.20PJ

The supply curve data for electricity generation was primarily derived from data contained in
various reports by East Harbour Management Services (2003, 2004, 2005) supplemented and
cross-checked with data from Ministry of Economic Development reports (2000, 2006), which
were of a more general nature.

% The exact cost depends on the proportion of coal and gas inputs. The cost 17.47$/GJ takes the weighted mean of the estimated
coal cost and the estimated gas cost.
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Table 3.1 Existing Electricity Generation Supply Processes (E1...E13) in the OPENZ Model

Process Units

Characteristics Electricity Supply Processes

Process Codes El E2 E3 E4 E5 E6 E7 E8 E11 E12 E13
Existing/ New Existing Existing Existing Existing Existing Existing Existing Existing Existing Existing Existing
Energy Input Hydrol Wellhead Biogas Wood Wind Fuel QOil Natural Gas  Coal Coal Natural Gas Waste Heat
Geothermal
Energy Output Electricity Electricity  Electricity  Electricity  Electricity Electricity Electricity Electricity Electricity Electricity Electricity
Technology Dam, Hydro  Steam Various Various Wind Turbine Steam Steam & Gas Steam Other & CCGT & Cogeneration
Turbine Turbine Turbine Turbine Turbine Cogeneration Cogeneration
Thermal Efficiency?  AHodAHin 0.90 0.15 0.29 0.13 0.90 0.40 0.36 0.35 0.41 0.42 0.15
Marginal Cost® $10%u007/ PJ output ~ 1.02 1.04 1.69 3.75 1.37 28.03 18.66 16.28 13.90 5.26 1.69
CO, Emissions kt CO,equivalents /PJ 0.00 0.00 223.54 784.03 0.00 181.25 181.11 252.65 215.68 155.24 0.00
output
Greenhouse Gas kt CO2 equivalents / PJ 0.00 0.00 223.54 784.03 0.00 181.25 181.11 252.65 215.68 155.24 0.00
Emissions output
Energy Input per Unit PJ electequivalents in 0.97 0.70 2.06 0.71 1.00 1.28 1.75 0.74 0.63 1.50 0.67
of Output / PJ output
Energy Input per Unit  PJinput/PJ output 1.11 6.70 3.43 7.52 1.11 2.50 2.78 2.86 2.44 2.38 6.67
of Output
Carbon Charge $10%00507/ PJ output ~ 0.00 0.00 6.04 21.17 0.00 4.89 4.89 6.82 5.82 4.19 0.00
Renewable/Non- Renewable Renewable Renewable Renewable Renewable Non- Non- Non- Non- Non- Recycled
Renewable/ Recycled Renewable Renewable Renewable Renewable Renewable Wastes
Upper Bound of PJ output /Year 79.25 11.08 0.70 1.03 2.22 0.08 free* free* 2.10 27.70 0.20
Process
Notes:

1. "Hydro" refer to falling water, as per definitions in the text
2. Data obtained primarily from MED's (2008) Energy DataFile
3. Sunk costs are ignored because they are:
(a) notrelevant to future commercial decisions as they cannot be recovered
(b) often very difficult to estimate accurately due to their historic nature
4. There is an ‘indirect bound on these Huntly Power Station Processes,
due a to constraint that limits the total electricity output of Huntly to 25.25 PJ/yr
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Energy Supply Module

In deriving these cost estimates we did not consider ‘sunk costs’. This is on the basis that: (a) it
is not relevant to decisions about future investments in electricity generation to consider sunk
(past) costs. This is the standard procedure from a micro-economic analysis perspective where
the ‘economic actor’ should not let sunk costs influence his/her decision. This point however is
debatable and experimental (behavioural) economics shows the sunk costs do (even if they
shouldn’t from a ‘rational’ point of view) influence human behaviour; (b) sunk costs for many
of New Zealand’s electricity supply systems and infrastructures are very difficult to estimate,
particularly in the hydro-electricity sector when many dams were built 3-5 decades ago; (c) by
not considering sunk costs, the OPENZ optimisation procedure will nearly always select the
existing electricity generating processes first, which makes good ‘intuitive sense’ as it seems
implausible that existing capacity would not be used first.

This electricity supply cost curve is perhaps best seen as a ‘stylistic’ representation of the costs.
In this regard there are a few pertinent assumptions: (1) that there is a smooth divisibility in
each block of electricity supply. That is for example, any percentage of the first block (hydro
— electricity) of 79.25PJ is physically plausible. Given our knowledge of electricity power
stations in New Zealand, this seems a reasonable assumption; (2) when a block is divisible, then
the m