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EnergyScape question?

*~ 2000 “~ 2005

Insufficient ir ‘e~tment? Lack o nowledge?

) sendence s ‘mports? Accrse to tech. .ogy?
(v yulation? Skil' . ~apacity?

Lack of ¢ = .1ing? Enthu sizsm?

Mixed si_e.3? Limit~ 4 ‘2mand?

R s' averse? Limited capit . ?

THTHISTRTAT
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EnergyScape project

*~ 2000 “~ 2005 2030

LI

Common / shared filing system...

 Provide a framework for NZ to analyse options against objectives.
In a way that enables:
— ldentify gaps and development strategie

— Understanding forces of uncertainty « ... S
and world market economy $1.42 million

_ GNS lead
— Ongoing development

18 months
Seeking: $1.33 million
i : : : NIWA lead
An unbiased basis for informing =EEEEs

policy and research direction ... / FHEeas
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Solution?

“~ 2005

More than carrying capacity!
- GHG, water, land, $, n, risk ...

eaiaaeae Of end-use

Accessible & fl
— Self expla
— Modifiable
— Transpare

I=VAVRESTOliEI(=R!  “I can’t understand how it could have got lost - |
databases haven't filed it yet."

— Infrastructure limitation

=, TNTHISTRIAT
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EnergyScape framework

Imports
Exports

Resources

Renewable

— Hydro

— Wind

— Solar

— Marine
“Earth”

— Geothermal
— Gas

— Ol

— Coal
Biofuels

Dist. Generation

2000 #2005

Infrastructure

Traditional
— Road
— Elec. grid

/ network
— Gas distrib.
Transport
Conversion
— Fertilizer
— Coal to liguids
— Sequestration
— Waste ->biogas
Hydrogen

2030

Demand

Behavior
Efficiency

Mobility

— Aviation

— Shipping / rail
— Heavy trans.
— Passenger
High grade heat
— Cooking

— Distillation
Low grade heat

— Space heating
— Water heating
Electricity

— Appliances




Pathway capture ...

2000

Fertiliser

MSW gassifier Waste biodigestion

Wood pellets Comb Heat Power

Distributed Gen Fisher Tropp Solar Tower
Coal to Liquids Hydrogen Ref Hydrazine Wind dam | REDOX batteries Sequestration
CNG /LNG MeOH fuel cells Thermo-elec Methane hydrates Organic PV Hot dry rock
19 2°& 3°biofuels Electric vehicles Petroleum refinery Solar Hot Water Supercritical water | Wave energy
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EnergyScape - Indigenous resources

*~ 2000 “~ 2005 2030

e EXxisting asset register
— Peak capacity
« MED, EHMS & NZWEA
— Firm capacity
« EC dataset?

 Potential resource
— NIWA climate network
— NZLAM output
— Vestas V63 curve

* Realisable

Even though only need order of magnitude
... good data is always appreciated!!

MTHIISTRTAT
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EnergyScape - Indigenous resources

“ 3000 #5005 2030

FARLY,

Hydro Generation Uptake

 Delays
— 1 year research
— 1 year consent
— 2 years finance & construction

Investment (MW)
Annual generation (PJ/y)

 Risk
— O stars in research
— 3 stars in consent phase

— 0O star in construction finance and
operation phases

e GHG

— Minimal GHG emissions from e
collection of sediments. o
Considered to be zero for
EnergyScape

Capacity (MW)

| Tier 4
o Teir 5

Only ~8% of potential is
currently developed ...

MTHIISTRTAT
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EnergyScape - Earth resources

*~ 2000 “~ 2005 2030

« Significant gas potential
— “Relatively unexplored”
— High success rate
— Exploitation _is scale dependent

r ‘i

« Significant oil potential  EliE

— Tui’s relief of import bill is
temporary

A $25/bbl future

Yeah right.
Tun

MTHIISTRTAT
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EnergyScape - Earth resources

“~ 2005 2030

Unigue 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 x Maui

MTHIISTRTAT
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Global outputs

#2000 05 2030 “~ 2050

-

Extended EDF type data

— Focus on transport &
‘ absolutes

= E : GHG and consumer cost
= profiles
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Global outputs

2000

e Sankey diagrams

e Scenario visualisation

Energy Fla (Finpr]
Pridadn, duppd p Seorading spply Csaend

——NIVA_—

Taihoro Mukurangi
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Long Range Energy Alternatives

2030

Households Urban === Electrified Lighting —l: Existing (80%, 400 kWh/yr)

F ree (I‘e ad -0Nn |y) & | ntu |tlve (8 milion) (30%) () k) Efficient (20%, 300kWh/yr)
data storage and Refigraion

Electrified Cooking

visualisation package (20% (00%)

» Other
Non-Electrified (50%)
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Bringing it all together

F ——
2000

o - Updating asset register via. web

L .

L T ,_ﬁ  Each scenario includes:
s 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
e — " — Tables & sankey diagram
— e — Risk, GHG, Total cost profile

Increase awareness of energy substition losses.

Comment on the role of feed in tariffs / tax breaks &
carbon tax




Organic, Variable, Purpose Grown or Residual and Re  newable

MTHIISTRTAT
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Bioenergy opportunities

F'--"'"u"‘u"'- _— 'h|:,|:| e

Biomass Resources Collection Conversion End-products Outcomes

Transportation \ :
—»  fues Envi fonm@tal
Liquid fuels sustainability

Biodiesel

: v
Conventional Forestry Harvesting

AIAcUliLaL.Clons Handling and collection » Therrmo- > Heat and

Energy crops technologies : o
Herbaceous materials Transpor?l chemical electricity

Woody biomass
Oil -bearing biomass \4
Wastes and residues Physical/

chemical __p  Solidfuds
processes

Biochemical

Economic
devel opment

J
« Energy Density | |
— Petrol 34 MJ/kg « Highly variable
— Natural Gas 37 MJ/kg * Distributed
— Wood chips 17 MJ/Kk e Suitable for storage
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Central North Island - 2020

Forest residues GIS model

31 /77—~~~ — = Coal + carbon tax
— —Coal

Forest residues

2 T T T T T

5 6

Cost of Supply ($/GJ)
N

2 3 4
Volume (PJ/year)

East Coast/Hawkes Bay - 2020

Cost of Supply ($/GJ)

2 3 4
Volume (PJlyear)

Northland - 2020

Road Network

Cost of Supply ($/GJ)

Delivered Cost

Nelson/Malborough - 2020

bl
a o o
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o
|

Cost of Supply ($/GJ)

N w
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0 1 2 3 4 5 6
Volume (PJlyear)
NIV A _—
Taihoro Mukurangi
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Bioenergy for transport

*~ 2000 “~ 2005

P LI

PIICE

PUrouse ~growrn 9iomess

20%) 0% o0%) 5070 100%

Progorion ai Blapmeimel

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

Category LUC class Total area Description
(ha)
Legend Highly Suitable for
B ososiianie A 1l 1,336,900 | cropping or pasture.
. -
B = Some cropping possible,
[ C B s, lllic 1,038,700 | also suitable for pasture.
I o
- E
e More suitable to pasture.
- Some cropping in
C e, Mw, IV 3,675,100 | |otation possible.
Unsuitable for cropping.
D v 180,400 | syitable for pasture
Unsuitable for cropping.
Moderate limitations
E vi 5,432,900 | ynder perennial pasture.
Unsuitable for cropping
E VII, VI 3,674,900 | o pasture.
Land not available for
Urban areas farming (e.g., urban,
Unavailable =it el Sl 11,385,600 indigenous forest)
under natural T
land cover

——NIVA_—

Taihoro Mukurangi
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Hydrogen roadmap ...

*~ 2000 “~ 2005

« Potential paradigm shift
— Flexibility
— Efficiency
— Storage
— Energy density?
— Carbon footprint?

o Situation — Globally:
— 138 refuelling stations
In 25 countries.
— 63 planned for 2007
— 600 FC vehicles

New Zealand’'s EnergyScape
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Renewable
other

Nuclear

Transportation

Electricity

Stationary uses

Other

| Qil }—’ Transport™  ———|  Reformation
| LS > Tanker »| Reformation | 5
> (on site)
| Natural gas }—»
HP pipeline |——» Reformation
| Nat. gas with CCS |—>
CCs
if used
| Coal — (Tused)
Coalwithccs  [——* " g I Large scale
| Transport Gasification IGCC to grid
| Biomass I
Photo-biological | Electrolysis N
| Solar i process (on site)
Photo- Hydrogen N
_ electrolysis pipeline |
heat generation
| Nuclear ! > High T water
___ Gridelectioiymx______ electricity splitting
i 1 eneration . ) )
! | Marine |_;_ ’ —»| Thermochemical Liquefied or
: : process compressed
I | Solar |i— hydrogen in
| | Geoth I |_:_ tankers
! eotherma i .
: ! Electricity —>
! wind ' transmission —
! | /distribution Electrolysis »| Distributed
| | Biomass network (central plant) CHP
! reformation*
| | Hydro : Technology maturity
i | | ! timescales
! Fossil fuel —
i | AU * Also can use ethanol from
: | Fossil fuel with CCS H— 2015 to 2030 fermented biomass
) e cecccccoc——ocooooooo : Hydrogen tankers ** Transported if not
. . 2030 to 2050 processed on the feedstock
| Hydrogen import |—> Ship site

Hydrogen pipeline




Stationary applications

Energy Use (kWh/kWh)

02 025 03 035

Cost (NZ$/kWh Combined Heat and Power)
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Transport applications

O Aviuel

O Coal Unspecified
@ Diesel

m Electricity

o Fuel Ol

\ Geothermal

Energy Usa (KWhim)

O Hydrogen
Hydrogen mLPG
deman O Natural Gas

ooil

m Petrol

@ Wood

NG (IR
Cost (NZ5km}
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alahd’s EAnergyScape

#2000 #2005 2030

www.energyscape.co.nz
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