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New Zealand’s EnergyScape

EnergyScape question?

What is wrong with New 
Zealand’s Energy system?

• Lack of knowledge?
• Access to technology?
• Skills / capacity?
• Enthusiasm?
• Limited demand?
• Limited capital?

• Insufficient investment?
• Dependence on imports?
• Regulation?
• Lack of planning?
• Mixed signals?
• Risk averse?
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Lack of …

Collaboration & consensus����
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Seeking:  
An unbiased basis for informing 
policy and research direction …

EnergyScape project

– Identify gaps and development strategies
– Understanding forces of uncertainty 

and world market
– Ongoing development

18 months18 months18 months18 months

$1.33 million$1.33 million$1.33 million$1.33 million

NIWA leadNIWA leadNIWA leadNIWA lead

EnergyScapeEnergyScapeEnergyScapeEnergyScape
BioenergyBioenergyBioenergyBioenergy

opportunitiesopportunitiesopportunitiesopportunities

18 months18 months18 months18 months

$1.1 million$1.1 million$1.1 million$1.1 million

SCION leadSCION leadSCION leadSCION lead

HydrogenHydrogenHydrogenHydrogen

economyeconomyeconomyeconomy

12 months12 months12 months12 months

$0.65 million$0.65 million$0.65 million$0.65 million

CRL leadCRL leadCRL leadCRL lead

16 months16 months16 months16 months

$1.42 million$1.42 million$1.42 million$1.42 million

GNS leadGNS leadGNS leadGNS lead

Carbon Carbon Carbon Carbon 
storage &storage &storage &storage &

sequestrationsequestrationsequestrationsequestration

• Provide a framework for NZ to analyse options against objectives. 
In a way that enables:

Common / shared filing system…
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Solution?

• Order of magnitude
– Myth busting
– No trade secrets
– Manageable
– Captures variability / uncertainty

• Built with an understanding of end-use
– Energy system planning
– Decision impact review
– Order of magnitude cost, GHG, risk
– Identify regional solutions

• Accessible & flexible
– Self explanatory
– Modifiable
– Transparent

• Geospatial
– Regional solutions
– Infrastructure limitation

LEAP software with supporting 
databases

More than carrying capacity!
- GHG, water, land, $, ηηηη, risk …
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EnergyScape framework

• Behavior
• Efficiency

Resources

• Renewable
– Hydro
– Wind
– Solar
– Marine

• “Earth”
– Geothermal
– Gas
– Oil
– Coal

• Biofuels
• Dist. Generation

• Imports
• Exports

Infrastructure

• Traditional
– Road
– Elec. grid 

/ network
– Gas distrib.

• Transport
• Conversion

– Fertilizer
– Coal to liquids
– Sequestration
– Waste����biogas

• Hydrogen

Demand

• Mobility
– Aviation
– Shipping / rail 
– Heavy trans.
– Passenger

• High grade heat
– Cooking
– Distillation

• Low grade heat
– Space heating
– Water heating

• Electricity
– Appliances
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Demand

Pathway capture …

Generation Infrastructure

 Wind 
Turbine 

National and  
Local Grid 

 

Onboard 
Battery Storage 

Wind 
Resource 

 

Passenger- 
Kilometres 

Supply

Wave energyElectric vehicles

Waste biodigestionFisher Tropp

Fertiliser

Hydrogen Ref

Distributed Gen

Coal to Liquids

Supercritical water

CNG /LNG

REDOX batteries

Wood pellets

1°, 2°& 3°biofuels

MeOH fuel cells

Solar Hot Water

MSW gassifier

Comb Heat Power

Wind dam

Solar Tower

Hydrazine

Thermo-elec

Algae liquids

Petroleum refinery

Methane hydrates Organic PV Hot dry rock

Electric rail

Sequestration

Bio refinery

Landfill gas
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Interim results …

EnergyScape
– Indigenous resources
– Earth resources
– Infrastructure
– Demand
– Global outputs
– LEAP
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EnergyScape – Indigenous resources

• Existing asset register
– Peak capacity

• MED, EHMS & NZWEA
– Firm capacity

• EC dataset?

• Potential resource
– NIWA climate network
– NZLAM output
– Vestas V63 curve

• Realisable
– Urban areas / local opposition
– DOC / Maori lands
– Slope & elevation

A universal technology, just looking 
for appropriate price!

Even though only need order of magnitude 
... good data is always appreciated!!
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EnergyScape – Indigenous resources

• Delays
– 1 year research
– 1 year consent
– 2 years finance & construction

• Risk
– 0 stars in research
– 3 stars in consent phase
– 0 star in construction finance and 

operation phases

• GHG
– Minimal GHG emissions from 

collection of sediments. 
Considered to be zero for 
EnergyScape

Potential Hydro Generation 
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Only ~8% of potential is 
currently developed …
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EnergyScape – Earth resources

• Significant gas potential
– “Relatively unexplored”
– High success rate 
– Exploitation is scale dependent

Taranaki production is 
from a tiny area of EEZ

New Zealand is currently locked in an 
“Energy Security” mindset …

A $25/bbl future

• Significant oil potential
– Tui’s relief of import bill is 

temporary
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EnergyScape – Earth resources

Many unique endowments that can / have helped 
make us prosper …

• Unique high temperature geothermal 
resources
– Heat pumps, HDR, Enhanced geothermal …
– ‘000s of MW (high & low grade) to recover

• Enviable ‘per capita’ coal reserves
– Sufficient to sustain liquid fuels demand?

• International scale methane hydrate 
resources
– East Coast alone has 813 TCF … 5% recovery 
≡ 10 × Maui
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Global outputsGlobal outputsGlobal outputsGlobal outputs

GAS

Bituminous TOTAL

Coking Other

Indigenous Production 77.065 2.913 55.591 135.570 3.978   139.547 38.892 8.743           47.634 148.597 84.492 80.955 0.230 2.216   1.435 42.714 212.042   1.126 548.947

+ Imports   1.847 22.931 24.778 0.001 0.143 24.923 218.719 0.574 39.446 32.619   10.628 7.082 309.067                   333.990

- Exports 73.451     73.451   0.051 73.502 28.113 0.651 0.566 0.152 6.748     36.231                   109.733

- Stock Change       -6.455     -6.455 -5.008 0.231 1.817 -2.698 -1.734 -0.291 0.353 -7.331 0.061                 -13.725

- International Transport                 0.025 0.811 9.651 36.281   46.768                   46.768

TOTAL PRIMARY ENERGY 3.614 4.760 78.522 93.352 3.979 0.09 3 97.423 234.505 8.435 37.038 34.354 -14.665 -25.362 6.729 281.033 148.658 84.492 80.955 0.230 2.216 0.000 1.435 42.714 212.042 0.000 1.126 740.160

ENERGY TRANSFORMATION 0.000 0.000 0.000 -54.151 0.000 0.000 -54.151 -234.505 -0.805 78.248 73.025 27.137 40.907 5.292 -10.701 -83.194 -84.492 -71.283 0.000 -2.216 0.000 -1.320 -7.295 -166.606 135.628 -1.126 -180.151

Electricity Generation       -53.174     -53.174               0.000 -54.950 -84.492 -64.640   -2.216   -0.988   -152.336 142.729   -117.731

Cogeneration       -0.877     -0.877               0.000 -23.106   -0.643     -0.332 -7.295 -8.270 12.221 -1.126 -21.158

Oil Production             0.000 -234.505   77.693 74.879 25.933 40.751 13.434 -1.816                     -1.816

Losses and Own Use       -0.100     -0.100   -0.805 0.555 -1.853 1.204 0.156 -8.142 -8.885 -5.138   -6.000         -6.000 -19.323   -39.446

Inter-region export             0.000                                   

Electricity generation       19.576     19.576         0.009     0.009 31.853 83.655 9.689 2.194   0.394 1.899 97.831 149.428 0.159

Non-energy Use       -18.169     -18.169             -12.021 -12.021 -19.983             0.000   -50.173

CONSUMER ENERGY (calculated) 3.614 4.760 78.522 21.032 3 .979 0.093 25.103 0.000 7.630 115.286 107.379 12.472 15.545 0.000 258.311 45.481 0.000 9.672 0.230 0.000 0.000 0.115 35.419 45.436 135.628 0.000 509.960

Agriculture (A) 0.000 0.000 0.000 0.526 0.000 0.000 0.526     1.138 10.579 1.834 0.202   13.753 1.048               0.000 5.927   21.254

Agriculture (A01) 0.526 0.526     1.112 5.017 0.013 0.126   6.268 1.048           0.000 5.154 12.996

Forestry (A03)   0.000     0.026 1.356   0.076   1.458             0.000 0.564 2.022

Fishing (A04)   0.000       4.206 1.821     6.027             0.000 0.209 6.236

Industrial (B-E) 0.000 0.000 0.000 37.219 0.000 0.000 37.219 3.339 0.131 10.807 2.553 0.105 16.935 34.664 0.000 10.323 0.000 0.000 0.000 0.000 24.685 35.008 54.667 178.493

Mining (B) 1.637 1.637     0.015 2.984 0.893     3.892 0.097           0.000 1.477

Meat Processing (C211) 2.641 2.641   0.382 0.024 0.075 0.009     0.490 0.955           0.000 2.254 6.340

Dairy Processing (C212) 6.215 6.215   0.039 0.021 0.851 0.037     0.948 5.426           0.000 2.186

Other Food Processing (C213-C219) 0.430 0.430   0.444 0.038 1.211 0.065     1.758 6.232           0.000 2.258 10.678

Textiles, clothing & footwear (C22) 0.414 0.414   0.026 0.001 0.362 0.081     0.470 1.721           0.000 0.672 3.277

Wood & wooo products (C231-C232) 0.310 0.310   0.783   0.048 0.071     0.902 4.518         10.983 10.983 8.525 25.238

Pulp & paper manufacture (C233) 1.065 1.065   0.061   0.016 0.416     0.493 8.760 10.323       13.702 24.025 4.355

Printing & publishing (C24)   0.000               0.000             0.000 0.608

Chemicals & Petroleum product (C25) 0.155 0.155   0.078 0.003 0.403 0.134     0.618 1.172           0.000 2.666

Non-metalic minerals (C26) 4.849 4.849   0.575   0.344 0.027     0.946 1.529           0.000 0.880 8.204

Basic Metals (C271-C272) 19.413 19.413   0.302 0.001 0.001 0.738     1.042 2.975           0.000 23.512 46.942

Metal Fabrication (C273-C286) 0.090 0.090   0.391 0.004 2.587 0.082     3.064 1.168           0.000 1.695 6.017

Other Manufacturing (C29)   0.000   0.006 0.001 0.009       0.016 0.071           0.000 0.381

Electricity and Gas Supply (D36)   0.000               0.000             0.000 1.025

Water and Wastes (D37)   0.000               0.000             0.000 0.864 0.864

Construction (E)   0.000   0.252 0.023 1.916   0.105   2.296 0.040           0.000 1.309 3.645

Unallocated   0.000               0.000             0.000   0.000

Commercial (F-Q) 11.660 11.660 11.660 1.524 0.274 18.095 0.840 1.270 0.000 33.663 14.522 0.000 0.000 0.000 0.000 0.000 0.000 10.983 10.983 38.073 108.901

Trade (F&G) 5.830 5.830 5.830 0.762 0.139 9.154 0.420 0.635   16.940 7.261         10.983 10.983 23.299 64.313

Accomodation (H) 2.146 2.146 2.146 0.551 0.082 5.392 0.005     8.176 1.128           0.000 5.154 16.604

Communication (J) 0.018 0.018 0.018 0.211 0.002 1.627 0.083     1.941 1.119           0.000 0.564 3.642

Financial Services (K&L)   0.000               0.000             0.000 0.209 0.209

Admin and Defense (M) 0.065 0.065 0.065     0.402 0.074     0.541 0.775           0.000 1.477 2.858

Education (N) 0.394 0.394 0.394   0.007 1.082 0.241 0.635   2.359 0.644           0.000 2.254 5.651

Health (O) 1.220 1.220 1.220   0.041 0.017 0.010     1.288 1.293           0.000 2.186 5.987

Cultural (P) 1.919 1.919 1.919   0.003 0.211       2.133 2.088           0.000 2.258 8.398

Personal (Q) 0.068 0.068 0.068     0.210 0.007     0.285 0.214           0.000 0.672 1.239

Residential 0.000 0.000 0.000 2.496 0.000 0.000 0.000 0.000 0.000 2.496 7.523 0.000 0.000 0.230 0.000 0.000 0.000 9.161 9.391 45.368 64.778

Spaceheating and cooling   0.000   2.282           2.282 3.769         8.509 8.509 16.123 30.682

Cooking   0.000   0.188           0.188 3.112         0.644 0.644 11.023 14.966

Electrical   0.000   0.027           0.027 0.643   0.230     0.008 0.238 2.603 3.511

Lighting   0.000               0.000             0.000 3.048 3.048

Refrigeration   0.000               0.000             0.000 4.919 4.919

Waterheating   0.000               0.000             0.000 7.652 7.652

Domestic Transport 0.080 0.080 0.000 1.292 109.245 77.463 5.462 15.097 0.000 208.558 0.199 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.206 0.000 211.043

Freight - Road   0.000               0.000             0.000   0.000

Freight - Rail   0.000               0.000             0.000   0.000

Freight - Air   0.000               0.000             0.000   0.000

Freight - Coastal   0.000               0.000             0.000   0.000

Passenger - Car   0.000               0.000             0.000   0.000

Passenger - Rail   0.000               0.000             0.000   0.000

Passenger - Bus   0.000               0.000             0.000   0.000

Passenger - Air   0.000               0.000             0.000   0.000

CONSUMER ENERGY (observed) 0.000 0.000 0.000 49.485 0.00 0 0.000 49.485 11.660 8.651 110.788 116.944 10.689 16.674 0.000 275.405 57.956 0.000 10.323 0.230 0.000 0.000 0.000 44.829 55.382 146.240 0.000 584.469

Statistical Differences 3.614 4.760 78.522 -28.453 3.979 0.093 -24.382 -11.660 -1.021 4.498 -9.565 1.783 -1.128 0.000 -17.094 -12.475 0.000 -0.651 0.000 0.000 0.000 0.115 -9.410 -9.946 -10.613 0.000 -74.509

Absolutes

Huntly 45.000 45.000 45.000

Comalco 18.125 18.125

NZ steel & 5 others 18.169 18.169 13.575 31.744

Balance AgricNutrients (Kapuni) Ltd 7.000 7.000

Methanex 13.300 13.300

New Zealand Refining Company -234.505 234.505 234.505
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• Extended EDF type data
– Focus on transport & 

absolutes
– GHG and consumer cost 

profiles 

• Box plot
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Global outputsGlobal outputsGlobal outputsGlobal outputs

• Sankey diagrams

• Scenario visualisation

Solar: 0.23 PJ Local  generation / 

distribution

Wind: 2.22 PJ

Marine: 0.0001 PJ

Hydro: 84.5 PJ
Electricty 

generation

Geothermal: 81 PJ

Biomass (waste water): 1.3 
PJ

Electricty 

generation

Indigenous gas: 134 PJ

Biomass (whole forest): 
33.4 PJ

7.08 PJ

19.9 PJ

2.22 PJ

65.4 PJ

Fertiliser: 5.71 PJ

Coal export: 70.6 PJ

3.86 PJ

5.71 PJ

6 PJ

Electricty 

generation

6 PJ

Pyrolysis

0.3 PJ

5.9 PJ

0.893 PJ
0.33 PJ

Indigenous oil production: 
44.1 PJ

Indigenous coal: 133 PJ

0.23 PJ

Petrochemicals

Gas to Liquids

LNG Import: 0.001 PJ

Methand hydrate: 0.001 PJ

18.1 PJ

5.86 PJ 4.65 PJ6.67 PJ 26.7 PJ

49.7 PJ
Electricty 

generation

Coal import : 23.4 PJ

50 PJ
0.1 PJ 3.15 PJ

0.001 PJ

17 PJ

0.001 PJ

Electricty 

generation

Gasification Coal to Liquids

2.29 PJ
Cogeneration

20.9 PJ

Cogeneration
6.9 PJ

Oil products import: 83.6 PJ

Crude oil export: 28 PJ

Domestic transport: 194 PJ

Coal to non-energy: 17.1 PJ

Oil products export: 7.04 PJ

4.86 PJ

Petroleum  refiningCrude oil import: 203 PJ

Oil products 

distribution

Losses & own use

International transport: 19.3 
PJ

12.8 PJ11 PJ2.5 PJ

0.5 PJ 14.4 PJ

12.4 PJ

Biomass export: 0.001 PJ

19.3 PJ

Electricty 

generation National grid

52.1 PJ

46.5 PJ

Industrial: 178 PJ

Agricultural: 21.4 PJ

Commercial: 57 PJ

Residential: 64 PJ

26.2 PJ
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Long Range Energy Alternatives Long Range Energy Alternatives Long Range Energy Alternatives Long Range Energy Alternatives 
Planning (LEAP)Planning (LEAP)Planning (LEAP)Planning (LEAP)

Households
(8 million)

Cooking
(100%)

Refrigeration
(80%)

Lighting
(100%)

Existing (80%, 400 kWh/yr)Urban
(30%)

Rural
(70%)

Efficient (20%, 300kWh/yr)

Other
(50%)

Electrified
(100%)

Electrified
(20%)

Non-Electrified
(80%)

High grade heat

Electricity

Low grade heat

• Free (read-only) & intuitive 
data storage and 
visualisation package

• Simplified national model 
provided at:

www.energyscape.co.nz

• Demand & supply 
balances are manually 
achieved.
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Bringing it all together

• Updating asset register via. web

• Each scenario includes:
– Import / export price assumptions
– GDP / Population growth assumptions
– Transport (heavy / light) characterisation
– High / low grade heat characterisation
– Industry status  
– Electricity make-up philosophy

• Report on 2005, 2030 & 2050
– Tables & sankey diagram
– Risk, GHG, Total cost profile

• Increase awareness of energy substition losses.

• Comment on the role of feed in tariffs / tax breaks  & 
carbon tax
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Organic, Variable, Purpose Grown or Residual and Re newable

      

              
Grow    Extract    Transport  Convert   Distribute    End u se 

                                        
Reuse 

Interim results …

Bioenergy opportunities
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Conventional Forestry
Agricultural crops
Energy crops
Herbaceous materials
Woody biomass
Oil -bearing biomass
Wastes and residues

Harvesting
Handling and collection 
technologies
Transport

Biochemical

Therrmo-
chemical

Physical/
chemical
processes

Transportation
fuels
Liquid fuels
Biodiesel

Heat and 
electricity

Solid fuels

Biomass Resources Collection Conversion End-products Outcomes

Environmental
sustainability

Economic 
development

Health

Social 
equity

Bioenergy opportunities

• Highly variable
• Distributed
• Suitable for storage

• Energy Density 
– Petrol 34 MJ/kg
– Natural Gas 37 MJ/kg
– Wood chips 17 MJ/k
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Forest residues GIS model

Delivered Cost

Road Network

Residue Volumes

Central North Island - 2020
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East Coast/Hawkes Bay - 2020
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Northland - 2020
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Nelson/Malborough - 2020
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0%         20%           40%         60%         80%       100%0%         20%           40%         60%         80%       100%

Proportion of DemandProportion of Demand

$/l diesel$/l diesel
equivalentequivalent

PumpPump
priceprice

Bioenergy for transport

PurposePurpose --grown biomassgrown biomass



New Zealand’s EnergyScape

New Zealand land area suitable for different energy crop types 
(Landcare Research)

Land not available for 
farming (e.g., urban, 
indigenous forest)11,385,600

Urban areas 
and areas still 
under natural 
land cover

Unavailable

Unsuitable for cropping 
or pasture.3,674,900VII, VIII F

Unsuitable for cropping.  
Moderate limitations 
under perennial pasture. 5,432,900VIE

Unsuitable for cropping.  
Suitable for pasture180,400VD

More suitable to pasture. 
Some cropping in 
rotation possible.3,675,100IIIe, IIIw, IVC

Some cropping possible, 
also suitable for pasture.1,038,700IIIs, IIIcB

Highly Suitable for 
cropping or pasture.1,336,900I, IIA

DescriptionTotal area 
(ha)

LUC classCategory

3.5 million ha 
available for 
forests for timber 
and energy
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Interim results …

Hydrogen roadmap
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Hydrogen roadmap …

• Potential paradigm shift
– Flexibility 
– Efficiency
– Storage
– Energy density?
– Carbon footprint?

• Situation – Globally:
– 138 refuelling stations

in 25 countries.
– 63 planned for 2007
– 600 FC vehicles
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Snippets from the Issues Document

Grid electricity mix

Pre-2015

2015 to 2030

2030 to 2050

Technology maturity 
timescales

* Also can use ethanol from 
fermented biomass
**  Transported if not 
processed on the feedstock 
site

Feedstock Transport Conversion Distribution End Use
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Stationary applications
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FC carFC car

Forecourt
SMR

Forecourt
SMR

Central
Electrolyser

Central
Electrolyser

SMR (with CCS)SMR (with CCS)

Coal Gasifier 
(with CCS)

Coal Gasifier 
(with CCS)

NG pipeline

Storage DispenserDispenserCompressorCompressorH2 pipeline

Coal mine (lignite)

Forecourt 
Electrolyser

Electricity Supply

Natural Gas Field

Transport applications

�To aid the development of an integrated 
research plan for New Zealand.
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