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New Zealand’s EnergyScape

The future

���� Technologies

���� Behaviour

���� Paradigm shift

���� Resources

What will it look like?

How might it shape us?

���� Resource depletion

���� Environmental change

���� Social change

Era of resource management?
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The future cont.

���� National objectives

���� Consensus of opinion

���� Trade objectives

How should we shape it?

Alternatives to government vision?

���� Carbon neutral

���� Renewable electricity

���� Energy efficiency

���� Electric vehicles 
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Outline

Future vision
Shaping us

Shape the future
Alternative visions
Conclusions
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Framing thoughts

���� Framework must facilitate DSM
Behavior change 
Energy inequality / poverty
Use of personal equity 

���� 2030 & 2050 is the far horizon!
Plenty of scope for radical change

���� Limited recognition of resource depletion
Stimulate exploration

���� Physical / thermodynamic reason 
for cost differences

Price has cost & scarcity value! 
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EnergyScape framework

Core 
resource data

Resource maps
(Potential)

Asset data
(Life cycle, ηηηη,
GHG, Area etc)

Multi-dimensional data 
framework (LEAP)

Scenario definitions

Solar: 0.23 PJ Local  gener ation /  

distr ibution

Wind: 2.22 PJ

Marine:  0.0001 PJ

Hydro:  84.5 PJ
Electrict y 

generat ion

Geotherm al: 81 PJ

Biomass (waste water):  1.3 
PJ

Electrict y 

generat ion

Indigenous gas:  134 PJ

Biomass (whol e forest ):  
33.4 PJ

7.08 PJ

19.9 PJ

2.22 PJ

65.4 PJ

Fert iliser:  5.71 PJ

Coal export : 70.6 PJ

3.86 PJ

5.71 PJ

6 PJ

Elect ricty 

gener ation

6 PJ

Pyr olysis

0.3 PJ

5.9 PJ

0.893 PJ
0.33 PJ

Indigenous oil producti on:  
44.1 PJ

Indi genous coal: 133 PJ

0.23 PJ

Pet rochemicals

Gas to Liquids

LNG Im port:  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
Electrict y 

generat ion

Coal im port : 23.4 PJ

50 PJ
0.1 PJ 3.15 PJ

0.001 PJ

17 PJ

0.001 PJ

Elect ricty 

gener ation

Gas ification Coal to Liquids

2.29 PJ
Cogeneration

20.9 PJ

Cogener ation
6.9 PJ

Oil products import:  83.6 PJ

Crude oil export: 28 PJ

Domestic t ransport:  194 PJ

Coal to non-energy:  17.1 PJ

Oil products export : 7.04 PJ

4.86 PJ

Pet roleum  r efiningCrude oil im port:  203 PJ

Oil product s 

distr ibution

Loss es & own use

Internati onal 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

Electrict y 

generat ion National gr id

52.1 PJ

46.5 PJ

Industrial: 178 PJ

Agricultural : 21.4 PJ

Comm ercial: 57 PJ

Resi denti al : 64 PJ

26.2 PJ
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Resource interpretation 
guidelines

Resource maps
(Realisable)

GAS

Bituminous TOTAL

Cok ing Other

I ndigenous  Produc tion 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

+ I mports   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

- St ock 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

- I nt ernational 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 0.093 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

ENE RGY TRANS FORMATION 0.000 0. 000 0. 000 -54.151 0.000 0.0 00 -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

Elec tric ity Generation       -53.174     -53.174               0. 000 -54.950 -84.492 -64.640   -2.216   -0.988   -152.336 142.729   -117.731

Cogenerati on       -0.877     -0.877               0. 000 -23.106   -0.643     -0.332 -7.295 -8.270 12.221 -1. 126 -21.158

Oil P roduct ion             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

I nt er-region export             0.000                                   

Elect ric ity generat ion       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

CONSUME R 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

Forest ry  (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 Process ing (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

Text iles , c lot hing & 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 manufact ure (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  & P etroleum product (C25) 0.155 0.155   0.078 0. 003 0.403 0. 134     0. 618 1.172           0.000 2.666

Non-met alic  minerals (C26) 4.849 4.849   0.575   0.344 0. 027     0. 946 1.529           0.000 0.880 8.204

Basi c 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 Manuf ac turing (C29)   0.000   0.006 0. 001 0.009       0. 016 0.071           0.000 0.381

Elec tric ity and Gas  Supply (D36)   0.000               0. 000             0.000 1.025

Water and Was tes (D37)   0.000               0. 000             0.000 0.864 0.864

Const ruct ion (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

Comm ercial (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

Financ ial Services  (K&L)   0.000               0. 000             0.000 0.209 0.209

Admin and Def ense (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

Cult ural (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

Resi dential 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

Elec trical   0.000   0.027           0. 027 0.643   0. 230     0.008 0.238 2.603 3.511

Light ing   0.000               0. 000             0.000 3.048 3.048

Ref rigeration   0.000               0. 000             0.000 4.919 4.919

Waterheati ng   0.000               0. 000             0.000 7.652 7.652

Domesti c 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 - Ai r   0.000               0. 000             0.000   0.000

Freight - Coast al   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

CONSUME R 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

St at istical Dif ferences 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 st eel & 5 ot hers 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

COAL OI L RENEWABLES
WASTE 
HEAT

Sub- 
bitum.

B ituminous&
Sub-bitum.

Peat/
Coke

Lignite Total
Geotherm

al
HydroNatural Gas WoodBiogasWindSolar Marine

Crudes/
Feedst ocks

ELE C-
TRICI TY

LP G / 
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Envision future 
pathways

1

portrait
Electronic File location:

R
e

v

Scenario: 'Continui ty'
Demand growth generally follows logistic growth trends

Universal  drivers 2005 2030 2050
Population Midddle, Middle,  10,000 immigration forecast f rom StatsNZ
USD/ NZD exchange 0.64 0.64 0.64 0.64
World crude price IEA forecast (takes into consideration gas, coal &  unconventional 

oil substituition) $/bbl 90 130 260

National GDP Continuation of historical trend

Demand

Non-energy use Logistic growth based on history
Agriculture Logistic growth based on history
 Industrial Logistic growth based on history
Commercial Logistic growth based on history
Resident ial Logistic growth based on history

Space heating Logistic growth based on history
Domestic transport Logistic growth as per MoT

Light vehicles Fuel eff iciency as per MoT
Heavy vehicles Logistic growth as per MoT

Indigenous generation
Solar Logistic growth based on EECA history
Wind 90% electricity sector growth
Marine Growth by *** MW between 2015 and 2030
Hydro 5% electricty sector growth
Geothermal *** MW by 2025

Ear th generation
Gas 100 PJ @ 30 years discovered in 2009
Oil Kupe sized field discovered in 2011
Coal No more development after exhaustion of Huntly and Mokai f ields
Methane hydrates No commercial developments

Biomass resources
Biofuels Achieve *** PJ by 2020
Forest residue Pre-emptive extension of grid to East Cape

Pre-emptive extension of grid to ***

Infrastructure

Electricity Pre-emptive extension of grid to East Cape
Pre-emptive extension of grid to ***

Gas Pre-emptive extension of pipeline to East Cape
Road Logistic growth based on history
Aviation Logistic growth based on history
Marine transport Logistic growth based on history
Rail transport 8% of Auckland communiting by public transport by 2025
LNG terminal Not installed

Hydrogen
Stationary
Transport Forecourt hydrogen f leet, *** PJ 

Absolutes
Comalco (Rio Tinto) Flat demand
NZ Steel Flat demand
NZ Ref ining Co Flat capacity
Methanex Operates when gas price <$5/GJ

Scenario Definition

C:\!de Vos\NZES071\Working\Scenario\[NIW-Scenarios Definition_B.xls]Definition

Demand forecast

A user friendly “pivot” table, where …
all data has time, scenario and regional dimensions
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LEAP framework

Optimising tools has been disabled …
Want users to ‘learn’ about the system
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End-use demand

Mobility
(freedom to travel,

work etc.

Healthy and
Comfortable living

(space and
water heating)

High Heat
(industrial processes)

Services from electric
appliances
(radio, TV,

electric tools)
250%

30%

70%

100%

30%

100%

100%

100%

70%
Electricity
Hydrogen
(146 PJ)

Mobility
(Liquid Fuels)

(278 PJ)

High Heat
(>120°C)
(42 PJ)

Low Heat
(<120°C)
(121 PJ)

4.35 PJ

250%
30%

70%

100%

30%

100%

100%

100%

70%
Electricity
Hydrogen

(60 PJ)

Mobility
(Liquid Fuels)

(278 PJ)

High Heat
(>120°C)
(49 PJ)

Low Heat
(<120°C)
(200 PJ)

4.35 PJ
Current demand patternCurrent demand patternCurrent demand patternCurrent demand pattern Current end useCurrent end useCurrent end useCurrent end use
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Pathway perspective

Passenger end-use (activity)
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Demand = Sub-sector activity × Technology fraction × En ergy intensity

���� Broad base of ‘outline’ data 

���� Elasticity (i.e. price response) of demand is poorl y understood

Large unknowns in future demand for services …

Passenger end-use (fuel use)
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Resource and their constraints

“We have sufficient resources for electricity and he at …
it is transport that is a problem”

Potential Realisable Renewable Generation Overview (PJ/y)
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Conversion technology data

Many technologies have large uncertainties:

���� Cost, efficiency and environmental impact
Vehicle Price Curves
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Pathways focus
Cost of operation

Fuels (CAPEX, 10 yrs fuels; $50/tCO 2)

2009 2030

$39,800 $48,600
Crude oil Diesel

Bio-diesel
Synthetic diesel

Petrol
Synthetic petrol

$57,800 $60,000

Gas CNG / LPG

Biomass Oxygenates
Ethanol
Methanol
Butanol

$57,100 $27,400
Coal

Electricity

Renewables
Wind 
Solar $203,900 $27,800
Hydro
Marine Hydrogen
Geothermal

Spark ICE
    - Economiser
    - Single / twin occupancy
    - Flex fuel

Compression ICE
     - Economiser
     - Bus / truck / train

Fisher-Tropp

Battery Elec Vehicle
      - Integrated assist
      - Grid connected
      - Flow battery

Hydrogen Fuel Cell Vehicle

Pyrolysis
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Outline

Future vision
Shaping us

Shape the future
Alternative visions
Conclusions
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Shell energy scenarios



New Zealand’s EnergyScape

Fossil fuel plateau
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Megatrends

Past movements:

Symptoms:

� Agricultural society

� Industrial revolution

� Information technology

Megatrends:

� Approaching the earth’s limits

� Resource depletion

� Atmospheric, land and water
pollution

� Environmental degradation

� Increasing ‘mobile’ urbanisation 

� Renewables I/P race

� Permeation of inflation

� Exploration rush

� Increased market reliance

� Global action?
Problem of receding horizons …

� Resource management

Source: Susan Krumdieck



New Zealand’s EnergyScape

Outline

Future vision
Shaping us

Shape the future
Alternative visions
Conclusions
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National objectives

���� Recognised national objectives

Have objectives been 
quantified / prioritised?

���� Economic transformation

���� Climate change impact abatement

���� Sustainability 

? Quality of life

? Equality

���� Resource constraints 

���� Stated ‘energy’ objectives
Energy prices are efficient and fair
Energy system is reliable and resilient
Environmentally responsible production and use 
Pluralist ≡ Keeping options open

Energy 
Security

Environment

Economic

World class leadership …

Inspiring vision …
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Economy drives everything?

���� Scope of action

Trade arrangements
Trade emphasis - Agriculture? Skills?

Fuel supply Workforce

Non-labour

Crude & Petroleum 
Imports

Taxation

Dairy product 
export

Timber product 
export

Meat product 
export

Service
 Workforce

Manufacturing 
Workforce

Primary 
Production 
Workforce

Other export
(Incl. oil & coal)

Other Imports

Grey flows at
 1/10th scale.Resource depletion may 

drive the economy!
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GHG Emissions Profile
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Fertliser

Agriculture urine

Agriculture methane

Waste

Energy - other processes

Forestry

Climate change abatement

���� Actions need to be considered in context of outcomes  …

���� Magnitude and timing (urgency) of response must be q uantified.
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Change pathway

ActionsPolicy 
setting

Strategy / 
Principles

Objectives

Vision
System 

understanding

Stakeholder 
buy-in

Targets Measures

����

����?

����

����

����

Backcast
planningNational dialogue

Collaborative 
planning tools

Social indicators
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Transportation market

Reliability and market structure

Need research to define: Risks of inaction, 
integrated opportunities, conversion, 
storage, efficiency, unique NZ I/P etc.

���� Larger financial sector than electricity, with much  greater levers!

���� Many market risks 
– Air quality
- Climate change
- Fuel prices  etc.

���� The market responds to long term planning
- Fails without it!

���� Major investments need underwriting
- Technical research e.g Safety of EV retrofit, metha nol in tanks
- Financial e.g Lignite F-T; Forest planting
- Sentiment change e.g Teleworking, EV
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Alternative vision
Clear objectives … How much are we 

willing to pay:• for energy security?

• to reduce GHG?
• for level of service?

���� Integrated / collaborative planning …
Principled risk abatement

– Understood objectives 
– Understood limitations
– Understanding of potential action

Appropriate emphasis … Urgency?
National / regional / local scope

���� Defined by national objectives …

���� Vision lends stability?

Appropriate enforcement?
Pluralist Vs Pick a winner …
Impact of government sentiment

Government believes 
the energy market will 
follow the economy!
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Alternative visions

���� Scope of action

Trade arrangements e.g. environmental tax

Market reform e.g. tarrifs
Centralised planning
Behaviour management e.g. vegetarianism
Regulation e.g. building standards
Extended Producer Responsibility (EPR)
Urban planning & highway spending
Budget allocation review

Huntly on gas or POx
Cap petroleum import
Reduced agriculture?
Skills leakage
Impacts on refinery / automotive workforceCompared with “Think Big”, 

this is “Dreaming Small”
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Alternative visions

���� Technology

Mobility efficiency
“Off the radar” e.g. CNG
Renewable generation e.g. Biomass
Basic efficiency e.g. SHW, insulation
Local / community scale
Environmental risky
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Alternative visions

���� Building sentiment with “real” media
20 years behind on sustainablity
Economic drivers

Fossil fuel plateau
“Individual” responsibility
Behaviour management e.g. vegetarianism
Speed / magnitude & impacts of climate change
NIMBY response …
Sunk assets …
Impact of fossil fuel plateau
Freight vs personal mobility
Diesel impacts on air quality

Need for national dialogue …

Economic policies absorb almost the entire attention of government, and at 
the same time become ever more impotent. The simplest things, which only 
fifty years ago one could do without difficulty, cannot get done any more. 
The richer a society, the more impossible it become to do worthwhile things 

without immediate payoff. - E F Schumacher

Scope and appetite for behaviour
management is dependent upon 
“interpretation of urgency for change”. 
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Alternative visions

���� Research status

Very diffuse provider market
Limited trust / reliance
Limited strategic direction

���� Research needs

Continuity & collaboration
Broader scope 

- Economic / trade
- Social

Stronger stakeholder base
- Media
- Local government

“Gap filling” against criteria
- Maintain list of topics 

Multi-media outputs
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Biofuel

Biofuel

DSM

Strategy 
planning

Biochar

Fuel 
cell

Electric
car

Battery
 storage

Scatter & "active following"

Targetted

Policy
- Economic growth targets
- Population growth targets

Market
- Feed-in tarrif & PFS, TOU metering
- Proliferation of community and local D/G
- Change of generation balance due to 
externalitiy charging
- Conjextion charging

Supply
- Resource abundance
- Renewables Vs Thermal
- Electricity, biomass, gas, 
   coal for passenger 
   transport
- Biomass, gas, coal for 
   freight transport

Conversion
- Nuclear, CSS
- Population growth targets

Transmission
- Upgrade transformers
- Transmission to follow 
    generation

Demand

- Insulation, building  
   code
- SHW, heat pump
- Maximum alternative 
   energy

Culture
- Prroduct pricing
- International perception
- Collective acrion
- Risk acceptance
- Vegetarianism

Economy
- Self-sufficiency
- Dairy / tourism dependence
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Our unique factors (e.g wind, 
methane hydrates) should be levered 
for innovation & investment.



New Zealand’s EnergyScape

Plotted history NZES future

National Energy Consumption by Fuel [PJ/y]
(Continuity Scenario)
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Assumptions

Demand

Transformation

Multi-dimensional
   - Appliance
   - Service
   - Fuel

 - Connections set by 
    calculation order
 - Iterations for auxiliary     
   demand

Indicies

Common inputs

Calculation tools

Resources
What is available
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Conclusions

There is a need for change
Define ‘sustainability’ and ‘quality of life’
Incremental or step?

����

National objectives
Lack quantification / prioritisation?
Long term ‘quality of life’ is most important

System understanding is unclear
Consensus forming can reveal opportunity

����

Possible improvements
National dialogue
Collaborative planning tools
Social measure collection
Backcast planning

Principled risk abatement
Avoid economic disruptions
Quantify policy implications

����
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The future …

BUT …
Needs to be planned
Considerate of resource depletion
Strategic steps required
Considerate of economic / market  
Endorsed by consensus

����

Targeted technology reviews
Electric vehicles,  methane hydrates, F-T,
Pyrolysis, Gasification, PV cost decline,
Urban form, Local generation
Purpose grown biomass → etOH & H2

����

Open to opportunity …
Low carbon impact 
Equitable, attractive
Reliable

����

Continue to encourage national dialogue����
SCIENCE CAN AND SHOULD FACILITATE PLANNING
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Our future …

How much are we willing to pay:

• For energy security?

• To reduce GHG?

• For level of service?

Questions?

Comments

Discussion


