An Energy Technology Roadmap
for Australia

Centralised Generation + Storage + Energy Options

The Transformative Power Plant
V.8.

Jeff Jamieson and Glenn Schumacher




M
Bﬁ MM Technology

Bridging The Knowledge Gap

Contents

Thinking Centralised Understanding the Storage Technology Background
about the Generation Challenge Concepts 1 to 10 Information
Electricity
Supply

differently



Introduction

Thinking About
Electricity Supply
Differently



Australia IS Facing An Energy Crisis

By any metric Australia is facing an Energy Crisis. Australian energy
(Electricity and Gas) prices continue to increase whilst the decline in
demand would appear to have stabilised even with significant price
increases and higher penetration of Roof Top Solar PV. Any further
reduction in demand may well be a result of declining industrial use
due to industry closure potentially leading to economic downturn.

In terms of Electricity, whilst there are a number of complex factors

(such as Grid stability etc), the basic issue remains one of matching

Supply and Demand.
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The basic Economics Law of Supply and Demand

This paper is intended to
explore potential means of
increasing supply.
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Thinking About The Future Of Central Generation

In thinking about increasing Electricity supply, we
should take a systematic view of the future of the
Grid and Centralised Generation, we started
considering four areas :

Energy Sources
/ “Prime Movers”

Solar 1. What issues is “The Grid” currently facing and
what might it face,

What technologies are we using now, what is
evolving and what might be in the future,
What is the “Customer” looking for,

How can we design solutions to the above.

Key in this analysis was a basic ===
consideration of what the
primary Energy Sources /
“Prime Movers” are and how
can we utilize them.

Bio-
Mass

Waste

Conversion Technologies
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Central Generation + Storage ?

Centralised Production

'/ﬁ Power Demand
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” Scope of the focus of this paper
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Coal, Gas, Wind,
Hydro, Solar.
Now - 2048

Coal (?), Gas, Wind,
Hydro, Solar, +
Now - ?

Considering the Future Of Central Generation

- Current Demand,
- Current Capacity,

- Current Technology,
- Current Assets,

alia2014

|

T

- Demand Change
(Quantum, Profile),

- Life of Existing Assets,

- Extending Existing Asset Life,

Adaption of
Technologies

- New Technologies,
- Legislative Drivers,
- Community Drivers,

Future

Existing, | -

- Demand (Quantum, Profile),
- Technology,

M
B%AIBMM Technology

Bridging The Knowledge Gap



The Existing State

Australian Electricity by Fuel

Australia 2014
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Foreseeing the Future of Central Generation

NEM Installed Capacity : 52,486 MW (52.5 GW)
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*Solar PV (estimate) obtained from the National Electricity Forecasting Report (June 2015

Tasmania Record Demand occurred in Winter 21 Jul 2008

“The best way to predict your
future is to create it!”

Abraham Lincoln — February 1809 to April 1865, 16th U.S. President.




We Cannot Assume The Current Situation Will Persist

That? Oh, that's the '‘Green Economy’
four-door sedan! It only drives when the
sun shines and the wmd blows

So you heed to tow
a back-up fossil fuel
car behind it!

BACK-UP
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We Cannot Assume The Current Situation Will Persist

“It is not necessary to change.
Survival is not mandatory.”

Dr. William Edwards Deming (October 14, 1900 — December 20, 1993), American statistician,
professor, author, lecturer and consultant. He is perhaps best known for his work in teaching
management how to improve design (and thus service), product quality, testing, and sales.

Stoking the boilers aboard the &
Newcastle to Stockton Ferry,
Newcastle, NSW., circ. 1970.
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Is There Going To Be Any Need For Central Generation ?

What operational consumption would be without PV and cne.rg{y .
efficiency adjustments NG projects ramp up
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Is There Going To Be Any Need For Central Generation ?
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Centralised Generation Does Not Appear To Be Going Away

Australian cumulative installed capacity by technology (GW)
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Sustainablility — A Key For Central Generation

..."'sustainable
development is
development that meets
the needs of the present
without compromising
the ability of future
generations to meet their
own needs ...” @rundtiand

Commission of the United Nations on March 20, 1987.)

Bearable Equitable
Sustainable |

/ Economic
Viable //’
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Is There Going To Be Any Need For Central Generation ?

Value Proposition Canvas
Product Customer
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Is There Going To Be Any Need For Central Generation ?

Wholesale prices March 2017
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Thinking About Central Generation + Demand quantum,

+ Demand cycle,

* What the Customer is

. willing to pay,
‘ .

Community expectations,

—_— .
" j_*‘ + Legislation,

- Market Dynamics,
IR I Time frame...

Cost, Conversion |
Environment, | Technologies /“‘ J%Q\/.&;Q‘
Technology, (GENERATION) : R IR
Coal Y4

‘ Energy Sources

thermal R AT
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Foreseeing The Future Of Central Generation

The evolution of the Grid (driven by
technology and the Customer) will
drive what the role of Centralised
Generation will be, how we will
transform to the new demands and
what technologies and
characteristics will be appropriate.

ubstation

COMMERCIAL & INDUSTRIAL
BUSINESS CONSUMERS

RESIDENTIAL CONSUMERS

Traditional
Grid

&P |k
©2078 Blectric Power Aecomeh I, 10, AY QWS eoormed.

The ‘Evolving’
Grid



There Is A Problem !

Australian Thermal (Steam) Plant Accumulative Age Profile
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Typical Thermal Plant Design Life = 200,000 Hours of Operation gg '
which equates to 25 to 30 Years of Base Load Operation

Source : The Community of Practice for Coal Utilisation, “2016 Plant Database”, The Community of Practice for Coal Utilisation, Brisbane. | 22
Used with permission.



There Is A Problem !

=100 %
of

the 2016
Fleet

is at or
past its
Original
Design
Life

Victorian Thermal (Steam) Plant Accumulative Age Profile
7,000

<= Qriginal Design Life

6,000

5,000

Looking at the
accumulative age
of the Victorian

Thermal Fleet
3,000
2,000
1,000 I
0

Oto5 6to 10 11to 15 16to0 20 21to25 2610 30 31to35 36t0 40 41to 45 46to 50 51to 55 Total Fleet Adjusted
Fleet

Plant Capacity (MW)

Plant Age (years)

W Victorian 2016 Accululative (MW)

Typical Thermal Plant Design Life = 200,000 Hours of Operation
which equates to 25 to 30 Years of Base Load Operation

Source : The Community of Practice for Coal Utilisation, “2016 Plant Database”, The Community of Practice for Coal Utilisation, Brisbane.

Used with permission.
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NEM South Australian Region — A Live Case Study

National Electricty Market (NEM) - South Australian Region : 14" January 2016 Supply & Demand
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NEM South Australian Region — A Live Case Study
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NEM South Australian Region — A Live Case Study

National Electricty Market (NEM) - South Australian Region : 14" January 2016 Supply & Demand
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NEM South Australian Region — A Live Case Study

NEM South Australian Region - 14/02/14 to 14/02/16
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NEM South Australian Region — A Live Case Study

14/02/14 to 14/02/16

NEM South Australian Region - Gas and Brown Coal Fired Generation
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NEM South Australian Region - Wind Generation 14/02/14 to 14/02/16
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NEM South Australian Region — A Live Case Study
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NEM South Australian - Interconnector Flow : 14/02/14 to 14/02/16

NEM South Australian Region — A Live Case Study
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NEM South Australian Region — A Live Case Study

“A Tale of Two

National Electricty Market (NEM) - South Australian Region : 14"™ January 2014 Supply & Demand
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NEM South Australian Region — A Live Case Study

Generation (GWh)

Top of stack = Victorian NEM Region Demand

1,000

Victorian NEM _J  Victorian NEM
Region Generation Region Demand

Gneration [GWh)

Victorian NEM o .
_ Region Export i FEET N

refelcts the net,

Week

National Electrcity Market (NEM) South Australian Region Generation

m Total Interconnector Flow (GWH) m Hazelwood = Loy Yang A

1,000 wYzlourn W mAnglesea W Ararat Wind Farm
mBald Hils Wind Farm ' Chalicum Hills Wind Farm mClover
mEiden  Energy Brix m Hume
mleerakng B  Laverton m Macarthur Wind Farm
. mMortizke m Mortons Lane Wind Farm Mt Mercer Wind Farm
Newport Qaklands Hill Wind Farm Portind Wind Farm
mSomerton Valey Power mWaubra Wind Farm
600

wYambuk Wind Farm

South Australian NEM
GaffEAAnssEASAEAESEEEA RS A £ A A0 . Region Imports

The National Electricity Market (NEM) South
. Australian Region is dependent on net in flows of
ek Electricity from the Victorian Region.

mInterconnectors (GWH)  WSACoal(GWN)  WSAGE(GWh) WSALiQuids(GWR) - SAWind (GWh)

National Electrcity Market (NEM) Victorian Region Generation

Flow of Energy Out of Victoria.

Loy Yang B
mBaimsise
m Dartmouth
JezraEngA
mMckay
mMurray
Rubicon Mountain

mWes Kiewa

With the closure of Hazelwood Power Station in Victorian at the end
of March 2017, the National Electricity Market (NEM) Victorian
Region will struggle to be a net exporter of Electricity.

| 32



Levelised Cost Of Electricity (LCOE)

Levelised Cost Of Electricity (LCOE)
Non - Renewable Renewable Storage
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Levelised Cost Of Electricity (LCOE)

Figure 14 South Australia LCOE wversus capacity factor
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Solar PV

Australian PV installations since April 2001: total capacity (kW)

5,000,000 2015-10
Reported installed capacity (KW): 4,728,757
Estimated installed capacity (KW): 4,789,730

37

0,000

(%3]

What is being installed
2,500,000 now ?
What energy not

capacity is involved ?
1,250,000

™

I L Lt L L
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

) . 35
Source : Australian PV Institute (APVI), Solar Map Database : accessed 25 February, 2016. |


http://pv-map.apvi.org.au/
http://pv-map.apvi.org.au/
http://pv-map.apvi.org.au/

Solar PV

Compare PV installation sizes across postcodes

Explore per-postcode domestic and commercial PV across different installation sizes.
Scroll and select from the postcodes on the right to add them to the data set. Select
the system size categories to toggle their visibility.

Selected postcodes 5XXx 08X x 2OC(x DO x TOGx  HOOx BN x Postcodes Wildcards

Total kW installed since 2007

1431005 kW —
" ~
ses APVI
1144304 KW
858603 kW
—
572402 kW
—
286201 kW
— v
—_— —_—
SHK 08xx 2K IR THHK Ehees BHOOK
B =<2.5kwW W 2545 W 4565 B 6595 9514 14-25 25-50 W 50-100 W 100+ kW

36
Source : Australian PV Institute (APVI), Solar Map Database : hiip://pv-map.apvi.org.au/ accessed 251 February, 2016. |
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Solar PV In The NEM South Australian Region

30000 KW
South Australian per-month
installations since January 2007

I
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Source : Australian PV Institute (APVI), Solar Map Database : accessed 25 February, 2016. |
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Solar PV In The NEM South Australian Region

High Day Solar PV Generation Day in South Australia, 14" March 2015

Estimated photovoltaic output
as a percentage of its maximum
capacity in the state.
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. . 38
Source : Australian PV Institute (APVI), Solar Map Database : accessed 25" February, 2016. |
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Solar PV In The NEM South Australian Region

Elizabeth North: 11/2/2016 — 18/2/2016 ~

PV system size 8.32 kWp
Orientation 345°NNW
Tilt 20°

10 1200  S0°C

45°C
1000
0.8
40°C
800
06 35°C
600 - 30°C
0 25°C
400
20°C
0.2
200
15°C
0.0 0 10°C
11/02 12/02 13/02 14/02 15/02 16/02 17102 18/02
Performance . Irradiance . System temperature (° . Nearby BoM temperature
(KWh/KWp) (Wim2) Q) )

39
Source : Australian PV Institute (APVI), Solar Map Database : hiip://pv-map.apvi.org.au/ accessed 251 February, 2016. I
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Energy Storage Technology

Summary of Energy Storage technologies (ES)

Reserve & Response
Services

Hours

High-Energy
Supercapacitors

DISCHARGE TIME AT RATED POWER
Minutes

Seconds

Transmission & Distribution
Grid Support

Bulk Power
Management

Hydrogen & Fuel Cells

Compressed Air

Energy Storage

Pumped Hydro
Power Storage

ThW 10kW

100kW MW 10MW

SYSTEM POWER RATING, MODULE SIZE

100MW

1GW

KEY
Types of Storage

Hydrogen-related

Mechanical

Electrical

Source : CSIRO.
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What Must The Grid** Seek To Address ?

Note : #1 — In this context the term “The Grid” not only is taken to mean the Transmission and Distribution Networks
but, also the inputs to The Grid (Generation) and elements that can facilitate and stabilise The Grid (Storage, Ancillary

Services).

 Reliable,
 Cost Effective,
 Safe,

e Sustainable,

« Facilitate Low Carbon / No Carbon solutions,

« Accommodate differing Generation technologies,

« Accommodate varying scales of supply,

« Support Grid stability,

« Be much moreresponsive the changes in Demand and

Supply,

N

41



A New Approach

“The Transformative
Power Plant’



The Transformative Power Plant — A New Approach

So, in understanding the nature of the challenges we face, the imperative has been
not to focus on single technologies but rather on a process of developing solutions that
make use existing and new technologies in different combinations and arraignments to
meet specific needs.

| 43



The Transformative Power Plant
The ‘philosophy”

Develop and demonstrate a flexible:
« A modular,

 Rapidly deployable,

« High efficiency,

« Low emission grid scale,
* Integrated electricity generation and storage technology,

« To provide secure and cost effective option to allow integration of
Renewable Generation.

| 44



The Transformative Power Plant — A New Approach

Conversion Technologies

Geo-thermal Organic Rankin

Cycle
Theeld Iudlngbomeutomer

Note : Nuclear has not been included
due to the cost, timeline and
community / political issues related to
this technology in Australia.

Solar

/ “Prime Movers”

The
Transformative
Power Plant is
based upon
consideration of
what issues are we
seeking to resolve,
consideration of
what the available
Primary Energy
Sources / “Prime
Movers” are and
how can we best
utilize them to
solve the specific
issues.

1
&r | 45



The Transformative Power Plant
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The Transformative Power Plant

Why are the The Transformative Power Plant Concepts NOT a rehash of either FutureGen (Original
Project nor 2.0) nor ZeroGen ?

1.

2.
3.

The Transformative Power Plant sets out to develop commercial solutions to existing and future
Energy problems,

The Transformative Power Plant Concepts are NOT RESEARCH projects,

The Transformative Power Plant approach does not seek to “eat the whole elephant” of Energy
Production and Carbon Sequestration in one Concept,

Some elements within The Transformative Power Plant are zero emission by their nature, for example
PEM Fuel Cells operating on Hydrogen and when linked with renewable Generation as Firming the
whole “Energy Chain” can be zero emission,

The Transformative Power Plant Concepts that are based upon Fossil Fuels such as Coal and Natural
Gas and incorporating Fuel Cells as opposed to Gas Turbines (as in FutureGen and ZeroGen) results
in lower emissions than existing technologies and by their nature provides CO, capture at no
additional cost or equipment; High Efficiency — Low Emissions is the aim,

The Transformative Power Plant does not just seek to resolve issue around the Generation of
Electricity but takes a “Polygeneration” approach to Energy Production, Energy Storage and by-
products,

The Transformative Power Plant is a flexible array of elements that can be tailored to meet the
problems to be solved; it IS NOT a case of “one size fits all” ! A a7



“The Transformative Power Plant”

Thinking About Storage



Energy Storage Technology A key area of focus of The
Summary of Energy Storage technologies (ES) ransformative Power Plant

Bulk Power
Management

Reserve & Response Transmission & Distribution
Services Grid Support

Pumped Hydro
Hydrogen & Fuel Cells = Power Storage

Hours

Compressed Air
Energy Storage

KEY
Types of Storage

Hydrogen-related

Mechanical

DISCHARGE TIME AT RATED POWER
Minutes

[}
: e
[#)]

TkW 10kW 100kW MW 10MW 100MW 1GW d-:“/";

SYSTEM POWER RATING, MODULE SIZE

Source : CSIRO. | 49



All Technologies Have Their Challenges

There Are Trade-offs Among the Five Principal Lithium-lon Battery
Technologies

Lithium-nickel-

cobalt-aluminum (NCA)

Life span

Specific energy

Performance

Specific
power

Safety

Lithium titanate
(LTO)

Specific energy

Cost

Life span

Source: BCG research.
Note: The farther the colored shape extends along a given axis, the better the performance along that dimension.

Performance

Life span 1

Lithium-nickel-

manganese-cobalt (NMC)

Spedific energy

Performance

Specific
power

Safety

Specific
power

Safety

Life span i

Lithium-ron

Lithium-man
spinel (LM Q)

Spedific energy

Performance

phosphate (LFP)

Life span

Specific energy

Performance

Specific
power

Safety

nese

Specific
power

Safety




All Technologies Have Their Challenges

Who is using what

Lithium-nickel-
cobalt-aluminum (NCA)

Specific energy

Cost Specific
power
Life span Safety

Performance

Lithium-nickel-
manganese-cobalt (NMC)

Specific energy
Cost Specific
power
Life span Safety
Performance

Tesla Model S Electric Car are using
Panasonic Lithium-lon Battery with a Cathode
that is a combination of a Lithium, Nickel,
Cobalt, Aluminum oxide - NCA Lithium-lon
Battery.

Sunverge currently use Kokam Manganese,
Cobalt - NMC based Batterys and will be
moving to LGChem NMC.

Tesla using Samsung SDI NMC Batteries in
the Powerwall 1.

Tesla moving to Tesla / Panasonic NMC in
the Powerwall 2.

Lithium-manganese
spinel (LM O)

Specific energy

Specific
power

Life span Safety

Performance

Lithium titanate
(LTO)
Spedific energy

Cost Specific

power

Life span Safety

Performance

Lithium-ron
phosphate (LFP)

Specific energy

Specific
power

Life span Safety

Performance

M
EF&:":E\MM Technology

ity | ok Bty G

7

&
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All Technologies Have Their Challenges

Ethloplan Airlines Boeing 787 “Queen
= of Sheba” Fire Incident at London-
= Heathrow Airport, UK, 2013.

Compuste Kahuku Wind Farm, Hawaii, USA —
energy storage system fire, 2012

Coaxial
cable

Hoverboard exploded in flames while being
ridden.



“The Transformative Power Plant”

Applying The Approach
M — Plant Concepts



The Transformative Power Plant
Applying The Approach — Plant Concepts

To illustrate the application of The Transformative Power Plant approach, a number of possible applications have been
formed up in the following Concepts.

« Concept 1 - Brown Coal Gasification, Generation, Storage + Hydrogen Economy,

« Concept 2 - SMARTGENZ21, Natural Gas Based Generation + Storage,

« Concept 3 - Improving Efficiency Of Existing Thermal Plants,

« Concept 4 - Generating Electricity And Utilizing Hydrogen + Firming Renewables,

« Concept 5 - Black Coal Gasification, Generation, Storage + Hydrogen Economy,

« Concept 6 - Firming South Australian Renewables + Hydrogen Economy,

« Concept 7 - Supporting Large Scale Customers,

« Concept 8 - Supporting Natural Gas Storage Efficiency,

« Concept 9 - Synthetic Natural Gas and The Hydrogen Economy,

« Concept 10 = Adaptive Power Plant Supporting A Large On Site Mining
Customer + Hydrogen Economy. A 54



“The Transformative Power Plant’
Technology Concept 1

Brown Coal Gasification +

B%QMM Technology Hydrogen Economy



Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

National
Hydrogen is the energy of the future for Japan

By : Richard Smith, Foreign Correspondent
May 16, 2016 Updated: May 16, 2016 01:54 PM

TOKYO : To become reality, Tokyo’s dream to have approaching 1 million hydrogen fuel-cell vehicles on Japan’s
streets in 15 years time will require huge investment and major government support, analysts say.

A March report by Japan’s ministry of economy, trade and industry projects putting 40,000 hydrogen fuel-cell cars
on the country’s roads by 2020, with a 20-fold expansion to 800,000 by 2030. Currently, about 400 such vehicles
operate in Japan, the report says.

The report also outlines plans to double the number of hydrogen fuelling stations to about 160 by the end of the
current fiscal year next March, doubling it again to 320 over the following five years.

Prime Minister Shinzo Abe has called hydrogen "the energy of the future,” one that would allow Japan to diversify
energy sources and cut carbon dioxide emissions.

| 56



Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

4
/ . / - \  CarbonNet Project
/Coal Preparatlon\ Current focus (epiem 1) (Potentially)

|
1
L)rythe Coal : { A
> igh Fuel Cell Project :
1
1
1
1

-——— e ———

{ Note : No separate Carbon\l
Srind th Potential
Grndthe coal Q ( ) Cells produce pure CO,

. Capture needed as Fuel
&f!dmfytiw Feed 77 - - f - - r‘+vv-vV-—V---—- ~
» “ The CarbonlNet Project
o 'Sy

\ /

L}
%OWEI? Gas Storage '\ SynGas

Management
System

Coal

Preparation Coal SynGas - Hydrogen Hydrogen #m

(Including Gasification Clean Up Stripping Liguefaction
Drying) Hydrogen (H,)

1
! CarbonNet Project

Slag / Ash Containments -
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(Sulphur etc)

Victorian Brown Coal Mine J - Power Kawasaki Heavy Industries (KHI) | 57



o/ MWh

Gas Intensity (10

Technology Concept 1 — Brown Coal Gasification

+ Hydrogen

Victorian Bown Coal Greenhouse Gas Intensity (tCO-e / MWHh) vs. Plant Total Efficency 1 (%)

‘ ' Current Victorian Brown Coal PF Technology

Feasible Victorian Brown Coal / Gasification / Fuel Cell Emission TTTTIT
(Without Capture; = 0.7 tCO,-e / MWh)#!

Coal
Preparation
(Including
Drying)

Gas Storage

Coal
Gasification

Slag / Ash

Victorian Brown Coal Mine

J - Power

Generation \
(Option 1)

\

CarbonNet Project
(Potentially)

L}
L}
L}
\

Management
System

SynGas
Clean Up

Containments
(Sulphur etc)

L

Capture needed as Fuel
Cells produce pure CO,

Electrical Energy

The CarboniNet,Project

Note : #1 — Assumes that Auxiliary Power (House / Parasitic
Load) remains constant between technologies and thus will err
on the side of caution.

Fuel Cells (either Direct Molten Carbonate Direct Fuel Cells
(DMCFC) using SynGas and / or Polymer Electrolyte
Membrane (PEM sometimes referred to as Proton Exchange
Membrane) Fuel Cells (PEMFC) utilising Hydrogen). MCDFCs
are commercially available in blocks up to approximately 3.9
MW per block and PEMFCs are being trialled in a 2 MW block
currently.

\
1
1
I \
: II : { Note : No separate Carbon \l
1

&
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Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

Fuel Cells (either
Direct Molten
Carbonate Fuel Cells
(DMCFC) using
SynGas and / or
Polymer Electrolyte
Membrane (PEM
sometimes referred to
as Proton Exchange
Membrane) Fuel Cells
(PEMFC) utilising
Hydrogen). DMCFCs
are commercially
available in blocks up
to approximately 3.9
MW per block and
PEMFCs are being
trialled in a 2 MW
block currently.

Victorian Brown Coal Mine

//Coal Preparation\
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Drying)
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Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

/ y Generation A
4 / (Option 2, OCGT or CCGT)

Coal Preparation\ Current focus

,Drythp Coal
\. .

Grind the Coala .
- Fuel Cell Project
= (Potential)
Classify the Feed

- J

CarbonNet Project
(Potentkially)

- = ———

Management
System

Coal
Preparation Coal Hydrogen ‘ Hydrogen
(Including Gasification Clean Up Stripping Liguefaction

Drying)

Slag / Ash Containments
(Sulphur etc)

Victorian Brown Coal Mine J - Power Kawasaki Heavy Industries (KHI)



Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

/ / Coal Preparation
Current challenge is reduction of the moisture
in Victorian Brown Coal to allow the use of

‘ﬁ 2 Dry the Coal
o
A commercial available and proven Gasifier

Grind the Coal . ..
. Q technology in the most efficient manner.
&,

lassify the Feed

-
& PoweR

///// Coal
B - Preparation Coal
&' ' (Including Gasification

Drying)

U

Water Slag / Ash

\
Y A Y )

Victorian Brown Coal Mine J - Power
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High Efficiency Fuel Cell Concept

Fuel Cells (either Direct Molten
Carbonate Direct Fuel Cells
(DMCFC) using SynGas or
Natural Gas and / or Polymer
Electrolyte Membrane (PEM
sometimes referd to as Proton
Exchange Membrane) Fuel Cells
(PEMFC) utilising Hydrogen).

The Grid

F/if iv

Electrical
Energy

<=

AC

MCDFCs are commercially
available in blocks up to
approximately 3.9 MW per block
and PEMFCs are being trialled in
a 2 MW block currently.
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only if SynGas
/ NG used.

Co, » Carbon Reuse / Sequestration

Fuel Cells

Electrical
Energy

Organic
Rankin
Cycle
Turbines

Water

only if
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High Efficiency Fuel Cell Concept + Solld Sequestratlon

DMC Fuel Cells produce Iow guantities of pure CO,

e mm eSS o o e e e e
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Fuel Cells (either Direct Molten The Grid Energy | — _ S

Carbonate Direct Fuel Cells ' S / ﬁ
{ |:. ) |
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AC _ _ g
Electrical %‘*

Natural Gas and / or Polymer Z ‘ 2
Electrolyte Membrane (PEM F Z

sometimes referred to as Proton
Exchange Membrane) Fuel Cells
(PEMFC) utilising Hydrogen).
MCDFCs are commercially
available in blocks up to
approximately 3.9 MW per block
and PEMFCs are being trialled in
a 2 MW block currently.
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Technology Concept 1 — Brown Coal Gasification
+ Hydrogen

Key Australain Coal Fired PF Power Statsions - Emission Intensity (t CO,-e / MWh)
16

14

[

0.8

Emission Intensity (tCO2- e f MWh)

5
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=)

s
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Victorian Brown Coal
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Technology Concept 2 - SMARTGENZ21 Power Plant

A key solution for South Australia

Electricity Generation and Storage for the 215t Century

The Mission :

Develop and demonstrate a flexible:

« A modular,

 Rapidly deployable,

* High efficiency,

« Low emission grid scale,

* Integrated electricity generation and storage
technology,

 To provide secure and cost effective option to
allow integration of Renewable Generation. &
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTG

Electricity Generation and Storage for the 215t Century

What a Solution might look like :

Additional Efficient Generation needed in South Australia,
A need to deploy solutions quickly,

A need for Storage to maximise Renewables Intermittency,
Reduce Environment Impacts,

Modula and Expandable Technology,

Limited support Infrastructure needed.

VVYVYYVYYVYYVY
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTGE

Electricity Generation and Storage for the 215t Century

A Solution :

» 59 MW Direct Fuel Cell Generation,

v" Natural Gas Fueled,

v’ 60% Efficient, - Highest in Australia,

v" Low CO, Emission, - 0.25 tCO,-e / MWh, Lowest in Australia®,
60 MWh Redox Flow Battery, - Safe and Environmentally Friendly,
Deployment commencing in 9 months,

Modular, progressive build up and sized to requirements,
Combining Proven Technologies in a 215t Century Manner.

YV VY

Note : #1 — Assuming Waste Heat Recovery, CO, Emissions range between 0.25 and 0.308 tCO,-e/MWh.
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTG

Electricity Generation and Storage for the 215t Century
A Solution :

» Location : Torrens Island / Pelican Point,
v Natural Gas Supply,
v’ Electrical Grid Connection,
v' Water Available,
v' Support Services,
v Near Load Center of Adelaide,
v' Short Fall in South Australian Region with Hazelwood Closed,
(Haywood Interconnector Flow to South Australia is likely to be reduced)
v Suitable Land Available,
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTGE

Electricity Generation and Storage for the 215t Century
A Solution :

Torrens Island ‘A’ Power Station Heat Rate : 12.5 GJ / MWh,

Torrens Island ‘B’ Station Heat Rate : 11.5 GJ / MWh,

SMARTGENZ21 Generation Heat Rate : 6.1 GJ / MWh*#2,

Waste Heat from the SMARTGEN21 Fuel Cells would be available for Heat Recovery via

Organic Rankine turbine that converts waste heat from the fuel cells into additional
electricity.

YV VY

Note : ¥2 — Based upon Lower Heating Value (LHV), based upon Higher Hating Value (HHV) = 4.8 GJ / MWh.
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Technology Concept 2 - SMARTGENZ21 Power Plant

GENERATION
+ STORAGE

GENERATION: STORAGE:
16 off FuelCell Energy’s DFC4000 — 3.7 MW Sumitomo Electric Redox Flow &
Direct Molten Carbonate Fuel Cells Battery
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Technology Concept 2 - SMARTGENZ21 Power Plant
SMARTGEN

Electricity Generation and Storage for the 215t Century

Great Improved Environmental Performance :

Australain Gas Fired Fleet Emission Intensity (tCO,-e¢/MWh)
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Technology Concept 2 - SMARTGENZ21 Power Plant

Electricity Generation and Storage for the 215t Century

Existing Technology :
Dominion Bridgeport Fuel Cell

Dominion Bridgeport Fuel Cell is located in downtown Bridgeport, CT, along Interstate 95 and the Northeast
rail corridor. The facility began commercial operations on Dec. 27, 2013, and produces 14.9 megawatts of
clean energy using an electro-chemical process that efficiently converts natural gas into electricity.

FuelCell Energy Inc. operates and maintains the facility under a services contract with Dominion. FCE supplied
five Direct FuelCell® stationary fuel cell power plants and an organic rankine turbine that converts waste heat
from the fuel cells into additional electricity.

Dominion sells the output of the fuel cell power station to Connecticut Light & Power under fixed power
purchase agreements.

Dominion Bridgeport Fuel Cell is part of Project 150, a program sponsored by the state and supported by the
Clean Energy Finance and Investment Authority (CEFIA) to increase renewable and clean energy projects in
Connecticut by 150 megawatts. CEFIA is the nation's first full-scale clean energy finance authority that

leverages public and private funds to drive investment and scale up clean energy deployment in Connecticut.

Source : Kenji Kaneko, Nikkei BP CleanTech Institute, 2016/01/05 ,

GENERATION

15 MW Dominion Bridgeport Fuel Cell
Plant, Bridgeport, Connecticut, U.S.A.,
uses 0.6 of a Ha. of land and powers
approximately 2% of Connecticut
Renewable Portfolio Standard.
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Technology Concept 2 - SMARTGENZ21 Power Plant
SMARTGE

Electricity Generation and Storage for the 215t Century

GENERATION

Existing Technology :

POSCO 59 MW Gyeonggi Green Energy facility Hwasung City, South
Korea

One current example is the Gyeonggi Green Energy facility which is a 59 MW Fuel Cell park in Hwasung City, South
Korea. The facility commenced commercial operation on 19th of February, 2014. The plant consists of 21 off 2.8 MW
Hydrogen Fuel Cells supplied by FuelCell Energy of Danbury, Connecticut, U.S.A.

South Korea is an energy-intensive country with a growing population, high urban population density and little available
land. In the wake of a scandal involving falsified nuclear plant safety certificates, the nation aims to reduce its reliance on
nuclear power to 29 per cent of its energy mix by 2035.

59 MW Gyeonggi Green Energy facility
) ) Hwasung City, South Korea.
Due to a lack of domestic resources, imported fuels currently meet around 97 per cent of South Korea's energy demand. In

2013, the country was the world's second-largest importer of liquefied natural gas (LNG), the fourth-largest coal importer,
and the fifth-largest oil importer.

In a move to clean up its energy mix, South Korea has had a "green growth" policy in place since 2008, with the goal of
increasing its use of renewables to 20 per cent of the generation mix by 2027. Among its renewables-friendly policies, the
nation has feed-in tariffs (FiTs), a renewable heat obligation and a renewable portfolio standard.

However, its terrain is hilly and thus not particularly well-suited for large solar or wind farms. In the past few years South gg
Korea has shown a growing interest in fuel cell power, with a number of projects in the works.

| 74



Technology Concept 2 - SMARTGENZ21 Power Plant
SMARTGE

Electricity Generation and Storage for the 215t Century

GENERATION

Existing Technology :

POSCO 59 MW Gyeonggi Green Energy facility Hwasung City,
South Korea

The two-hectare (5.1 acre) facility in Gyeonggi Province, along the country’s northwest coast, is owned and operated by
POSCO Energy (POSCO formerly Pohang Iron and Steel Company and is a multinational steel-making company
headquartered in Pohang, South Korea), the nation’s largest independent power producer. Construction began in late
2012 and was completed in 2014. The fuel cells run on natural gas converted to hydrogen and also provide heat to the
local district heating system.

“The scale of this installation is contributing to the power and heating needs of an urban population and generating the
electricity in a highly efficient and ultra-low emission profile that supports our national renewable portfolio standard,” said
Tae-Ho Lee, CEO of Gyeonggi Green Energy.

59 MW Gyeonggi Green Energy
facility Hwasung City, South
Korea.

POSCO and FuelCell Energy are planning another fuel cell project adjacent to a railroad depot operated by the Seoul
Metropolitan Rapid Transit Corp. That 19.6 MW facility, composed of seven 2.8 MW Fuel Cells, will provide power to the
depot and the local grid, in addition to district heating. Commercial operation is expected by the end of this year. The
facility is the first of several Fuel Cell projects planned to comprise a total of 230 MW in the Seoul area.

As with the Gyeonggi facility, the fuel cells at the Seoul park will be manufactured by POSCO under license from 5‘}%
FuelCell Energy as part of POSCO’s drive to position itself in the Korean clean energy market.
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Technology Concept 2 —- SMARTGENZ21 Power Plant

GENERATION

Electricity Generation and Storage for the 215t Century

Electrical Balance

—
fue" ce , , ener gy of Plant (EBOP)

FuelCell Energy modular Direct
Molten Carbonate Fuel Cell
Module.
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTGE

Electricity Generation and Storage for the 215t Century

Existing Technology :
60 MWh Redox Flow Battery Starts Operations to Deal With Renewable Energy

Hokkaido Electric Power Co Inc (HEPCO) and Sumitomo Electric Industries (SEI) Ltd announced Dec 25, 2015, that they have completed a large-scale
storage battery system at Minamihayakita Transformer Station in Abira-chou, Hokkaido, and started to test the system.

The two companies installed a redox flow battery manufactured by SEI. It has a rated output of 15MW and a capacity of 60MWh and is one of the world's
largest redox flow batteries in operation.

In the verification project, which will last for about three years, HEPCO and SEI will verify the performance of the system as a new system for adjusting the
output fluctuation of wind and solar power generation facilities and develop optimal control technologies.

Specifically, they will verify the following items: (1) "measure against short-period fluctuation," which charges and discharges the battery in response to
rapid output fluctuations (in units of seconds) of solar and wind power generation facilities in the aim of reducing frequency fluctuation, (2) "measure against
long-period fluctuation," which levels supply-demand balance by predicting the output fluctuation of solar and wind power generation facilities by the hour,
(3) "measure to ensure the capacity to reduce thermal power generation" in case an output reduction at thermal power plants cannot catch up with a rapid
output increase in solar/wind power generation, (4) evaluation of the redox flow battery's performance, (5) evaluation of the large-scale storage battery
system's performance, (6) evaluation of the system efficiency, etc.

For the verification project, HEPCO and SEI applied for the "Emergency Verification Project for Large-scale Storage Battery System in 2012," for which
Japan's Ministry of Economy, Trade and Industry (METI) called for proposals via New Energy Promotion Council (general incorporated association). And
their project was selected as a subsidized project.

In Abira-chou, where Minamihayakita Transformer Station is located, SoftBank Tomatoh Abira Solar Park, which is one of the largest-scale solar power

plants in Japan, started operations Dec 6, 2015. The solar panel capacity and grid capacity of the plant are about 111MW and 79MW, respectively.
Source : Kenji Kaneko, Nikkei BP CleanTech Institute, 2016/01/05 ,

STORAGE

An electrolyte tank in the building that
stores the storage battery (source:
HEPCO)
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Technology Concept 2 - SMARTGENZ21 Power Plant

SMARTGE STORAGE

Electricity Generation and Storage for the 215t Century

Innovation :

e &=
& Invention of VRFB JE3 e
UNSW  1st patent at UNSW 4 MW/ 6 MWh L s e
1986 battery installed in L e -1 =~
Japan by SEI
UNSW patent sold 2005 ‘ENE GY
to Australian Pinnacle Generation Il
Breakthrough
1998
2010 “ 2016
“
| “ >
— >
| / [ [ 5
1996 2005 | 2009 521213“) £
VAB Power ™ u ©
450 KW / 900 kK'Wh bl oBNM commerciatvre & ff 2015
battery installed in Globat Bolong Dalian taunch = f] Sumitomo installs
Japan by Sumitomo Patents to becomes global P e, GOMW VRB
tron-Chromium flow batteries the Va8 Ve producer TUET b o
developed by NASA for use on missions Technology Z ORKENGD, 2OPAD
i3
]
g
2006 S
Patent expires, allowing ,?
companies to explore o
1984 VRB technology g
Maria Skyllas-Kazacos
$ heads development team 2002 “,?
N At UNSW for first all vanadium  Lac Dore Pilot Plant “
lJNSW flow battery Produces 99.9% Electrolyte
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Technology Concept 2 - SMARTGENZ21 Power Plant

GENERATION
EFFICIENCY

Waste Heat from Fuel Cells could
go to Organic Ranking Cycle
Turbines to generate additional
Electricity

FuelCell Energy modular Direct
Molten Carbonate Fuel Cell
Module.

SIEMENS Organic Rankin Cycle
Turbine / Generator.

| 79



The Transformative Power Plant - SMARTGENZ21

SMARTGEN

Electricity Generation and Storage for the 215t Century

May also be Solid Oxide
Fuel Cell (SOFC) technology giecurical

PRIMARY
GENERATION

Waste Heat

GENERATION
+ STORAGE

" |

SECONDARY
GENERATION

Natural Gas (Direct Molten (Organic Rankin
=Y Carbonate Fuel Cycle Turbine /

Power

Energy

Electrical

Energy

Loading Perwor Factoe

Electrical _/ — ’L Electrical

Energy
™

AN \/< / ]
" Electrical

@ o Energy
P T——
Cells - MCFC) el Generators - ORT) h
) i . Potential for
Electrical [| Cooling Water Electrical
Pure CO, Ener Waste Heat E Synchronous
ay ( nergy Condensing
e Electrical
awer
Note : STORAGE —»«—~ / Energy
1. With modular Fuel Cells and Batteries arrangements it + ;
may be possible to be generating to both the Market as (Vanadium = v | ) ) “
well as Storage at the same time. Lo Ny—o J
2. With modular Batteries arrangements it may be possible Redox FIOW Power T e
to be charging from either / and the Fuel Cell and ORT at Electrical Electri |
the same time as discharging and / or charging part of the Batte ry - VF B) ectrica ectrica
Battery to or from the Market. Energy Energy

May also be Hydrogen Storage
and Reuse (PEM Fuel Cells) / Sale System
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Technology Concept 2 - SMARTGENZ21 Power Plant

AUSTRALIAN

SMARTGE INNOVATION

Electricity Generation and Storage for the 215t Century

The Storage option being proposed as part of the TRANSGEN21 concept for South Australia is based
upon Vanadium Redox Flow Battery technology. TRANSGENZ21 is based upon this technology as offered
by Sumitomo Electric Industries (SEI) however, the technology was original developed in Australia ! Work
on the Vanadium Redox Battery (VRB) at University of New South Wales (UNSW) began in 1984. While
other researchers had previously proposed the use of vanadium redox couples for redox cell
applications, the UNSW breakthrough came when it was discovered that highly concentrated V(V)
solutions could be prepared in sulphuric acid. The technology was taken from the initial concept stage
through the development and demonstration of several 1-4 kW prototypes in stationary and electric
vehicle applications over a 15 year period at UNSW. A further milestone in the UNSW R&D program, was
the development of a low cost process for producing vanadium electrolyte from the vanadium oxide raw
material. The original UNSW technology was used through the 1980’s and 90’s for a number of exciting
applications.

So, the TRANSGEN21 concept will resonate with governments who see Innovation and Australian
Innovation at that as being an important element.
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SMARTGENZ1 fuelcellenergy COST ESTIMATE- GENERATION

Electricity Generation and Storage for the 215t Century

Fuel Cell Park
Concept

M
B;I\ﬁ MM Technology

Bridging The Knowdedge Gap

Information supplied by : FuelCell Energy, Inc. (NASDAQ: FCEL), 3 Great Pasture Rd., Danbury, Connecticut, 06810 , U.S.A.



COST ESTIMATE- GENERATION
susrroENEII) fueicelleneisy FCE Overview
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$22 billion R, |
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Design & Manufacture

Recovery
$28+ billion — — <
estimated market H, Recovery Ens)
7 T P s &3 NASDAQ: FCEL
StO rag e ‘ www.fuelcellenergy.com
e ‘ u E

Tens of $ billions of
estimated market

Long duration storage Power-to-Gas

Delivering clean innovative solutions for the global supply,

recovery and storage of energy

Information supplied by : FuelCell Energy, Inc. (NASDAQ: FCEL), 3 Great Pasture Rd., Danbury, Connecticut, 06810 , U.S.A.



https://twitter.com/FuelCell_Energy
https://www.youtube.com/user/FuelCellEnergyInc
https://www.linkedin.com/company/fuelcell-energy
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SMARTGEN— fuelce"éﬁé?"g‘f'):/? Global Relatlonshlps

Electricity Generation and Storage for the 215t Century
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Information supplied by : FuelCell Energy, Inc. (NASDAQ: FCEL), 3 Great Pasture Rd., Danbury, Connecticut, 06810 , U.S.A.

Strategic Investors

posco Largest IPP in S. Korea

ENERGY Owns 6% FCEL stock

Largest IPP in USA
nrgw Owns 3% FCEL stock

Finance Partners

Extends $40 million
nrg project finance facility

@pPNC  JCHERCULES

Webster
ENBRIDGE Bank’

e 4l

CONNECTICUT
GREENBANK. P2 ECD

State of Connecticut
Department of Economic and
Community Development
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COST ESTIMATE- GENERATION
_— . .
swarreEnzmmmmn) fuelcellenergy Fuel Cell Park Technical Overview

63 MW Beacon Falls Project

« 63.3MW Base load capacity, 70MVA net(significant reactive capability)
500 GWh/yr generation
15 psig (1.04 barg) fuel supply pressure
7400 SCFM (12,000 nm3/hr) fuel consumption at 933BTU/SCF net calorific value (34.75 GJ/nm3)
7200 MMBTU per kWh (7.6 GJ/IMWh) Gross Calorific Value Heat Rate
. (53% electrically efficient on the basis of net calorific efficiency)
. 180 USGPM (41 m3/hr) city water usage
. 4.3 MW of rapid load following (provided by ORC Turbine)

. Additional 5.9 MW of fuel cell load cycling (decrease and resumption) over a four hour period
. Transmission line voltage interconnection
. 7 Acres (3 Hectares)
. Emissions:

«  CO2-2840 Ib./MWh (380 kg/MWh)

« NOx -<0.01 Ib./MWh (<0.005 kg/MWh)

+  SOx-<0.0001 Ib./MWh (<0.00005 kg/MWh)
- CO=-<0.11b./MWh (<0.05 kg/MWh)

« Scalable plant configurations are available to provide:
. Heat rates from 8100 to 6400 MMBTU per kWh (8.6 to 6.8 GJ/MWh) Gross Calorific Value
. Emissions from 940 to 725 |b./MWh (430 to 330 kg/MWh)
. Water independent operation
. Medium voltage (distribution) or high voltage (transmission) electrical interconnection

Beacon Falls(proposed), 63 MW Park in USA

&' 8
Information supplied by : FuelCell Energy, Inc. (NASDAQ: FCEL), 3 Great Pasture Rd., Danbury, Connecticut, 06810 , U.S.A.



SMARTGE

Electricity Generation and Storage for the 215t Century

COST ESTIMATE- GENERATION

fuelcellenergy | gtest Solution: SureSource 4000

MW-Class Distributed Generation with Combined Cycle Electrical Efficiencies

FuelCell Energy Combined cycle gas plant

400+ MW

(scalereq’d for high efficiency)

Size 1.4 MW to 100 MW
Construction/Siting | Months; site WITHIN cities
Plant efficiency: 47-60%
Electrical Efficiency | Transmission losses: None!

Clean Emission Profile
(virtually zero NO,, SO,, or PM)

Renewable Fuel Option/REC’s
Combined Heat & Power
Scalable

Support Urban Redevelopment
Affordable Carbon Capture

Information supplied by : FuelCell Energy, Inc. (NASDAQ: FCEL), 3 Great Pasture Rd., Danbury, Connecticut, 06810 , U.S.A.

Delivered efficiency: 47-60%

Years; site AWAY FROM cities

Plant efficiency: 55-60%
Transmission losses:  [6-9%)

Delivered efficiency: 46-54%

Yes 0 No @
ves @ No @
ves @& Limited )
ves @&
Yes @&
Yes 0

3.7 MW Enhanced- Efficiency Fuel
Cell Power Plant Configuration
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Bl COST ESTIMATE- GENERATION

Examples given ~ 50 MW plant configurations
Contract to commissioning, 12-15 months.

SureSource3000 SureSourced (00

Mumber of Units 18 14
Total MWs 28 3.7
Capital Cost (USD/kW) 0.4 518
Total Capital Cost (USD 000s) $136,584 $169,541
Shipping est. (USD000s) $2,000 $2,000
EPC est. (USD 000s) $22,680 $22,680
Total Estimated Pricing (USD 000s)* $161,264 5104,221
Total Estimated Pricing (USD/KW) $3,200 $3,749
IAfiFAatioN STpBIRH by “FURICEN Efidigy it (NASDAQT FCEL3 Great PAsIiie R,
Déanbiry -“Connecticut,"06810 , U.S.A.

These are Direct Molten Carbon Fuel Cells (DMCFC) that use Natural Gas as the fuel. Thus, one must consider the Heat Rate in
looking at comparing technologies for what is currently a very scarce and expensive fuel :

Torrens Island ‘A’ Power Station Heat Rate : 12.5 GJ / MWh,

Torrens Island ‘B’ Power Station Heat Rate : 11.5 GJ / MWh,

DMCFC Heat Rate : 6.1 GJ / MWh#2,

Waste Heat from the DMCFCs would be reused in an Organic Rankin Cycle Turbine (which are ‘off the shelf’ industrial
units).

Note : #2 — Based upon Lower Heating Value (LHV), based upon Higher Hating Value (HHV) = 4.8 GJ / MWh &

In comparison, the Heat Rate quoted for the Wartsila W18V50DF Dual Fuel Reciprocating Gensets is = 8.620 GJ / MWh (hhv).



SMARTGENZ1 COST ESTIMATE- GENERATION

Electricity Generation and Storage for the 215t Century

So, in fuel terms let us make some assumptions for the sake of comparison:

* Plant Size 100 MW,

» Capacity Factor 95% (enhanced by suitable Storage),

* Hours in one year : 8,760 hrs,

« Assumed Natural Gas price (South Australia, Base Load) = A$12.00/ GJ,
* Therefore, annual MWhr : 100 * 0.95 * 8,760 = 832,200 MWh.,

* Therefore Fuel cost:

= For 100 MW at Torrens Island ‘A’ Power Station : 832,200 MWh / year * 12.5 GJ / MWh * A$12.00 / GJ = A$
124,830,000/ year,

* For 100 MW at Torrens Island ‘B’ Power Station : 832,200 * 11.5* 12.00 = A$ 114,843,600 / year,

*= For 100 MW DMCFC Adaptive Power Plant : 832,200 * 4.8 * 12.00 = A$ 47,934,720/ year,

»= For 100 MW Dual Fuel Reciprocating Gensets : 832,200 * 8.62 * 12.00 = A$ 86,082,768 / year.

& | e8



SMARTGENZ COST ESTIMATE- STORAGE

Electricity Generation and Storage for the 215t Century SUM lTOMo
ELECTRIC

SUMITOMO
ELECTRIC

Proposal for 6MWh VFB System

Our Ref. No: ESD-17-001

SUMITOMO ELECTRIC INDUSTRIES, LTD.

6t, Apr.,, 2017

&89
Information supplied by : Sumitomo Electric Industries, Ltd. (SEI), Chtd-ku, Osaka, Japan.
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The Transformative Power Plant - SMARTGEN21
The Optional Use Of Solid Oxide Fuel Cell Technology

1 MHPS

Mitsubishi Hitachi Power Systems (MHPS)

SMARTGENZ21 is a Concept within the Transformative Power Plant

Desulfurizer

approach. In line with the flexibility of the Transformative Power Plant :
different technologies can be integrated to meet specific needs. !
[ s i
. ] . = Recycle blower l
SMARTGEN21 was intended to be fueled with Natural Gas. =" condi - 1
In the case of the SMARTGEN21 Concept, either Direct Molten Carbonate "'
Fuel Cells (MCFC) or Direct Solid Oxide Fuel Cells (SOFC) could be used. HO K /ci—@ :

SMATRGENZ21 includes a Heat Recovery step utilising Organic Rankin Cycle
Gas Turbines (suited particularly to lower temperature MCFC). In the case ol :
higher temperature SOFC use, the Japanese manufacturer MHPS (a mergin “eceesssces MGToeser
of the thermal power generation divisions of Mitsubishi Heavy Industries, Ltd.

(MHI) and Hitachi, Ltd.) offers a combined SOFC and Heat Recovery Micro

Turbine Gas Turbine on one sled. This is another option for SMARTGEN21.

. Regenerative .
2 heat exchanger |
.

Exhaust gas

&
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The Transformative Power Plant - SMARTGENZ21
The Optional Use Of Solid Oxide Fuel Cell Technology

M MHPS HYBRID -FC

Mitsubishi Hitachi Power Systems (MHPS)

Solid Oxide Fuel Cells (SOFC) are operated under high temperatures and form
a high-efficiency power generating system when combined with Micro Gas
Turbines in one unit.

Current Product line up :

HYBRID-FC 250kW class
HYBRID-FC 1000kW class

©-futzis

15t STAGE
>a .
25t STAGE 0

Fuel

-
.
-
e
-
.
-
-
:
-
:
-
.
-

.
O /CI—@
Regenerative
h:gt exch;\v'rger

Exhaust gas

ooooooso.oMGTooo.o ﬁf/:&;
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The Transformative Power Plant - SMARTGEN21
The Optional Use Of Solid Oxide Fuel Cell Technology

#+ MHPS HYBRID -FC

Mitsubishi Hitachi Power Systems (MHPS)

Pressurization-type SOFC Module

The hybrid system is made up of a fuel system (red line in figure), air system (blue
line) and exhaust gas system (yellow line). Fuel gas passes through the desulfuriser
to remove its Sulphur content, and is then inserted into the SOFC after being
pressurized in a compressor. Meanwhile, air is inserted into the SOFC after being
pre_ssurlzgd through the MGT. Exh_al_Jst fuel from the SOFC is p_ressurlzed t_)y a Station Demonstration: Model 10 Hybrid
recirculating blower. Then, part of it is returned to the SOFC, with the remainder Power Generation System achieved
inserted into the combustion chamber of the MGT together with exhaust air. The continuous operation for 4,100 hours
exhaust gases combusted in the combustion chamber undergo heat exchange with (September 2013)

air sent to the SOFC by means of a regenerative heat exchanger, and after heated
water and steam have been produced with the exhaust heat recovery unit, the
exhaust is released into the air.

Tokyo Gas Co., Ltd. Senju Techno

Power
[Conditioner|
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The Transformative Power Plant - SMARTGEN21
The Optional Use Of Solid Oxide Fuel Cell Technology

#+ MHPS HYBRID -FC

Mitsubishi Hitachi Power Systems (MHPS)

Multiple Fuel Cells (single cells) are connected in series on the outside of substrate
tube (ceramic) to form Cell stacks, which is bundled to create cartridges (with
outputs of several dozen kW). These cartridges are gathered together and stored in
a pressure vessel. This configuration is collectively referred to as a "'module.”
Adopting this sort of layered structure offers easy installation and maintenance. In
addition, since electrical output can be adjusted depending on the number of

Kyushu University Ito Campus

trid dul it | ible t v the right t of electricit Demonstration: Model 15 Hybrid Power
cartriages or modules, It IS possible to supply the rignt amount of electriCity as Generation System achieved cumulative

needed. Micro Gas Turbine SOFCmodule operating time of 10,000 hours (October

2016)

Cell stack
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The Transformative Power Plant - SMARTGEN21
The Optional Use Of Solid Oxide Fuel Cell Technology

#+ MHPS HYBRID -FC

Mitsubishi Hitachi Power Systems (MHPS)
Module

A structure with cartridges gathered together and stored within a pressure vessel.

Micro Gas Turbine SOFC module

Cartridge

A bundle of Cell stacks that functions as a bearing member, supplies and discharges
fuel and air, and collects current.

Cell Stack
Elements that react to power generation (Fuel Cell stack of fuel electrodes,

electrolyte and air electrodes) are formed on the outer surface of a substrate tube
that serves as a structural member made from highly-strengthened ceramic. As

Cell stack

e et WY
SO oA

elements are connected in a series with inter-connectors made from electronically Cartridge
conductive ceramic, high voltage electrical output can be efficiently collected at low
currents. &
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The Transformative Power Plant - SMARTGEN21
The Optional Use Of Solid Oxide Fuel Cell Technology

7 MHPS HYBRID -rFc

Mitsubishi Hitachi Power Systems (MHPS)

An integrated power generating system comprising SOFC + Gas Turbines + Steam
Turbines shows promise for high-efficiency power generation as future replacement
for thermal power plants in future large-scale projects.

A transmission end-power generation efficiency of more than 70 percent (lower
heating value, LHV) can be expected from a future natural gas-fired 100-megawatt-
class SOFC + gas turbine + steam turbine combined-cycle system (gas turbine fuel
cell combined cycle, or GTFC, Figure 1), which is positioned as a future Concept for a large Power Plant based
replacement for large-scale thermal power plants. This will enable carbon dioxide upon Solid Oxide Fuel Cells (SOFC)
(CO2) emissions from thermal power stations to be reduced by around 20%. Even

when coal is used as fuel, a transmission end-power generation efficiency of more

than 60 percent (LHV) can be expected in 100-megawatt-class integrated coal

gasification + SOFC + gas turbine + steam turbine combined-cycle systems

(integrated coal gasification fuel cell combined cycle, or IGFC, Figure 2), and

similarly, this would allow CO2 emissions to be reduced by around 30%.

MHPS will lead the technological development of fuel cells and aim to achieve even &
higher capacity and efficiency gains, culminating in the development of actual
systems for utility use. | 96



The Transformative Power Plant - SMARTGENZ21

GENERATION

SMARTGEN
+ STORAGE

Electricity Generation and Storage for the 215t Century

_H‘_" J
Potentially one single contained moduler unit. S DA !
Electrical Power Electrical _/'— - ’L Electrical
,l’ Energy Energy Energy
SECONDARY —
SRR Jeste Heal GENERATION i a
Natural Gas | GENERATION (Organic Rankin Cycle {9 —
(Solid Oxide Fuel Turbine / Generators — e P>LK Electrical
Cooling Water =—) Cell - SOFC) ORT and / or Micro L K*;l"‘“'“’ Energy
Recycled Turbine) \ Potential
; Cooling Water o otential for
Pufe Cozl EIIEectrlcaI g Waste Heat J EIIEectrlcaI’; Synchronous
. nergy ( nerg}:/ Condensing
Electrical
Note : STORAGE -~ S ~ Energy
1. With modular Fuel Cell d S ts it 1 s
be possible to be generating to both the Market a6 well 28 (Alkaliser / S “ ()} “
St t th time. o S
2. Wic:rzargr,]igulare ;z:g(;e"?seuch as Hydrogen/P_EM FC) Hydrogen Power
it and the Fue el and ORT at the same tme a5 Storage / PEM Electrical E'ectfica' P
discharging and / or charging part of the Battery to or from FC) Energy Energy {y”
the Market. ]
& Proton-Exchange Membrane Fuel Cells, also known
as Polymer Electrolyte Membrane (PEM) | 97
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The Transformative Power Plant - SMARTGENZ21

An Opportunity For Hydrogen Energy Storage and Fuel Cell Technology

swARTCEINIIEE) o | TOSHIBA
Electricity Generation and Storage for the 215t Century +STORAGE

Toshiba H,One™ Electrolyser
/ Hydrogen Storage / PEM FC
Generation Unit.

. . . 7 - =)
Petenially on ingl conane <] =) Leading Innovation >>>»
\; Eaom --------- Energy Energy
. SECONDARY
GENERATION — e 7 ‘ I
SRR (Soid Ovide Fucl T Eectica M
EIUEUE S  Coll- SOFC) (s an, icro ner

. S o ‘ e Hydrogen-based autonomous energy

S R AT A (Alkaliser /

S P o 29 R supply system

S Romy s ot 0 s o Storage/ PEM |0
= wr FC) Energy ¢
z=zr=+—|) Hydrogen Energy Stor age
Sy S t e m Large Capacity Hydrogen Energy Storage System

In the Transformative Power Plant — SMARTGEN21 Concept (illustrated on the previous slide), there is a need for
Energy Storage. at potentially Grid scale. This may take a number of forms:

1. Battery Technology such as Lithium — lon,
2. Redox Flow Batteries,

3. Hydrogen - FC,
4. ...

F=

Toshiba may have technologies that could play a role in such a Plant, | 98



The Transformative Power Plant - SMARTGEN21
An Opportunity For Hydrogen Energy Storage and Fuel Cell Technology

SMARTGEI\— GENERATION

Electricity Generation and Storage for the 215t Century * STORAGE Tn s H I BA

ot o sng o ot o Leading Innovation 2> E — H20ne

| H,One™ _ m;
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> STORAGE e Hydrogen-based autonomous L
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Storage / PEM ectrical = ectrical \ ’ T
FC) ner; ner &

Proton-Exchange Membrane Fuel Cells, also known
as Polymer Elecirolyte Membrane (PEM)
Fuel Cells (PEMFC). Waser

Waker vy Lark

Hydrogen Energy Storage
Sy S t e m Large Capacity Hydrogen Energy Storage System




Potential Site
Jeeralang Open Cycle Gas Turbine Power Station, La Trobe Valley, Victoria

Jeeralang Power Station is a gas turbine power station with a capacity of 460 megawatts (620,000 hp) near Morwell,
Victoria, Australia. The station is a peaking facility which is used only during periods of peak demand, and is also used as
a black start facility to restore power to the grid in the event of major system failure. As a result, the actual capacity factor
of the station is less than 5%. The power station was built by the State Electricity Commission of Victoria in response to
the scaling back of Newport D power station from 1,000 megawatts (1,300,000 hp) to 500 megawatts (670,000 hp), as a
result of community concerns and union bans. Jeeralang consists of seven gas turbines configured to operate in single
cycle mode.

Jeeralang A was built between 1977 and 1979 and consists of four Siemens Industries V93.1 gas turbines with a
combined capacity of 220 megawatts (300,000 hp).

Jeeralang B was built between 1978 and 1980 and consists of three Alstom Atlantique MS-9001 gas turbines with a
combined capacity of 240 megawatts (320,000 hp).[3]

Jeeralang ‘A’
Power Station

)

Jeeralang ‘B’

Power Station | 100




Potential Site

Jeeralang Open Cycle Gas Turbine Power Station, La Trobe Valley, Victoria

Jeeralang Power Station

i=apant, VIC ."‘-‘ Loume VIG
L anh Jeeralang, VIC




Potential Site

Jeeralang Power Station(s) — Potential Expansion on Site
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Potential Site

Jeeralang Open Cycle Gas Turbine Power Station, La Trobe Valley, Victoria

Why Jeeralang ?

1.

2.

Existing Gas Fired Power Station site (“Brownfield”),
Large area of flat land on the site,
High Pressure Natural Gas connection,

Ideally located nearby the Hazelwood Terminal Station allowing
ease of High Voltage Transmission connection,

Existing site infrastructure and systems,

Victorian Government desire for Storage Capacity in the La Trobe
Valley,

Site current up for sale.

Jeeralang ‘A’
Power Station

TR AT A S

’é ‘é * ﬁ" e | _.:
yYvy!

Jeeralang ‘B’
Power Station




Potential Site

Jeeralang Power Station(s) - Land

Jeeralang is about 6 km south of the town of Morwell. The site is
an open rural area of approximately 28 hectares (Ha) and is
isolated from the nearest residents by a large buffer zone. The
freehold title is currently owned by Ecogen. o



Potential Site
Jeeralang Power Station(s) - Land

'

[ S
Jeeralang A/And
B.RowerStati

Hazelwood Terminal
Station




Potential Site

Jeeralang Power Station(s) — Potential Expansion on Site

Jeeralang Expansion

The Jeeralang title features significant additional land to the north of

the plant that could accommodate further generation capacity as | . -
shown in the figure on right. Jeeralang is immediately adjacent to and ‘ i
connected to the Jeeralang Terminal Station (220 kV) and very close
to the Hazelwood Terminal Station (220 kV and 500 kV). The
Hazelwood Terminal Station represents the main hub for transmission
of power from the La Trobe Valley to the main load centre in
Melbourne and the rest of the NEM.

This site was reviewed at a high-level was carried out for Ecogen by
Jacobs in 2011 for a possible Combined Cycle Gas Turbine (CCGT)
expansion as a counter-point for a potential expansion evaluation at
the Newport site. At this time it was envisaged that new significant
power generation in Latrobe Valley should connect to the 500 kV
system. However, given the subsequent retirement of the Hazelwood
Power Station it could also be investigated whether a new unit could
connect to the 220 kV system instead. Hazelwood Power Station has
four 220 kV circuits into Hazelwood Terminal Station and four 220 kV
circuits into Jeeralang Terminal Station.

&7 106



Potential Site

Jeeralang Power Station(s) — Potential Expansion on Site

Jeeralang Expansion

I Ecogen Site (JLGS)

-

The Jeeralang site, including the identified area, is zoned for power

station use. The area has substantial infrastructure to support | . .
additional power generation including the natural gas main ' i
transmission system to Melbourne passing just north of Morwell and
the electricity transmission system as noted. There is also the potential
to consider evaporative cooling of a CCGT unit given that the
Hazelwood Power Station is no longer in service and was water
cooled.

Energy Storage Possability

Considering the location of the 220 kV and 500 kV connection options
and the Jeeralang land area, another enhancement option to consider
would be Energy Storage. This could take advantage of possible ] i
future developments in Energy Storage technology and costs, and the A HWIES S
increasing drivers for Energy Storage as intermittent forms of
electricity generation increase penetration in the NEM.
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The Transformative Power Plant - SMARTGENZ21

The Optional Use Of Solid Oxide Fuel Cell Technology on Jeeralang Site
Switch Room /
Switchyard

Organic Rankin Cycle Turbine (ORCT) Control Centre
Waste Heat to Electricity 4 ElethlClty /
e Y = Hi -

Solid Oxide Fuel Cells (SOFC)
Natural Gas to Electricity
+ Waste Heat + Pure CO,

»ert1]

....

Proton Exchange Membrane Fuel Cells (PEMFC)
Electricity to Hydrogen / Hydrogen to Electricity

)

Hydrogen Storage
ydrog g | 108



The Transformative Power Plant - SMARTGENZ21
The Scope

* 15to 100 MW Direct Fuel Cell Generation,
v Natural Gas Fueled,
v 60% Efficient, - Highest in Australia,
v' Low CO, Emission, - 0.25 tCO,-e / MWh, Lowest in Australia®,
« 60 MWh Redox Flow Battery, - Safe and Environmentally Friendly,
« Speedy deployment through modular construction with “near plug and play”,
 Modular, progressive build up, sized and configuration to requirements,

« Combining Proven Technologies in a 215t Century Manner.
| 109



The Transformative Power Plant - SMARTGENZ21
The Scope

* 15to 100 MW Direct Fuel Cell Generation,
v Natural Gas Fueled,
v 60% Efficient, - Highest in Australia,
v' Low CO, Emission, - 0.25 tCO,-e / MWh, Lowest in Australia®,
« 60 MWh Redox Flow Battery, - Safe and Environmentally Friendly,
« Speedy deployment through modular construction with “near plug and play”,
 Modular, progressive build up, sized and configuration to requirements,

« Combining Proven Technologies in a 215t Century Manner.
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The Transformative Power Plant - SMARTGENZ21

Fuel Cells

Why Consider Fuel Cells — Efficiency Example

When we consider “Spark Spread” between various Natural Gas fuelled Generation technologies : Open Cycle Gas Turbines
(OCGT) (based upon GE GT13E2), Combined Cycle Gas Turbines (CCGT) and Direct Molten Carbonate Fuel Cells (DMCFC)

(Fuel Cell). If one accepts a Natural Gas Price of A$10 / GJ and typical figures (LHV). The various configurations are as
follows :

OCGT - Efficiency approx 34.6%, Heat Rate approx 10.2 GJ / MWh, thus A$102 / MWh,

CCGT - Efficiency approx 50.6%, Heat Rate approx 7.9 GJ / MWh, thus A$79 / MWh,

DMCFC (no heat recovery) - Efficiency 60% (see attached), Heat Rate 6.1 GJ / MWh, thus A$61 / MWh,
DMCFC (heat recovery) - Efficiency assume 80%, Heat Rate assume 2.1 GJ / MWh, thus A$21 / MWh.
Low Emissions Example

Torrens Island ‘A’ Power Station Heat Rate : 12.5 GJ / MWh,

Torrens Island ‘B’ Station Heat Rate : 11.5 GJ / MWh,

SMARTGEN21 Generation Heat Rate : 6.1 GJ / MWh#2,

Waste Heat from the SMARTGEN21 Fuel Cells would be available for Heat Recovery via Organic Rankin Cycle Turbine that
converts waste heat from the fuel cells into additional electricity.

Note : #2 — Based upon Lower Heating Value (LHV), based upon Higher Hating Value (HHV) = 4.8 GJ / MWh. (}_f‘:"" | 111
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Fuel Cells

Great Improved Environmental Performance :

Australain Gas Fired Fleet Emission Intensity (t00-e/MWh)
o .;:jr‘*’
o 40



The Transformative Power Plant - SMARTGENZ21

Hydrogen Energy Storage
Why Consider Hydrogen Energy Storage

Potential to for large scale Energy (Nm3 H, to MWh,) Storage only limited by Gas Storage infrastructure,

Adaptable Power to Energy ratios (MW, — MWh,),
Alternative uses for Hydrogen,

Long term Storage capability with no degradation,

Rapid response,

Plant life potentially very long,

New Hydrogen storage technology based on cast Magnesium
alloys with novel microstructure to store Hydrogen as a solid d-:ﬁr’
metal Hydride.



Potential Site

Jeeralang Power Station(s) — Electricity Transmission

Connection

Jeeralang Power Station(s)
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Potential Site
Jeeralang Power Station(s) — Electricity Transmission Connection

AEMO Map

Jeeralang Power Station(s)

roweovm

gmwa\ﬁ

oster

Hazelwood terminal Station

o “ﬂ\m‘ §

X

& Boldings p,

Leaflet | © Mapbox © OpenStreetMap contributors

Leafiat | © Mapbox © OpenStreetMap contributors.
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Potential Site
Jeeralang Power Station(s) — Natural Gas Network Connection

APA Group assets ﬁ

Jeeralang Power Station(s)
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“The Transformative Power Plant’
Technology Concept 2

SMARTGENZINIIIIT)
Electricity Generation and Storage for the 21st Century

Transformative Power

M Plant - SMARTGENZ21
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Possible Site For A Transformative [
Power Plant SCretHcatRate | 9027 | 650
. . - : (BtwkWh, LHV)
An ideal Iocaho_n for t_he |n|t|al_ N_atural Gas fuelled Transfor_matlve Power SC NetHeat Rate 9,524 9.474
Plant, co-location with an existing Natural Gas fuel plant with Gas connection (kJ/KWh, LHV)
infrastructure and Grid connection infrastructure would be ideal. Such a SC Net Efficiency (%, 37.80% 38.00%
location would be Snowy Hydro’s Colongra Gas Generation Plant in New South = -V _
. . . Comp. Pressure Ratio 16.9 18.2
Wales. Colongra is a 667 MW Natural Gas which has generally be used during (X1)
peak demand periods in New South Wales. ExhaustTemperature 941 934
(°F)
Colongra is an Open Cycle Gas Turbine (OCGT) plant consisting of four off GE ﬁ)é’;ausﬁemerature = L
4 GT13EZs. Exhaust Energy (MM 1,055 1,155
Btu/hr)
Snowy Hydro Colongra Power Station EJ’;:‘:,“"‘ Energy (MM 1113 1.219
9 : GT Turn-down - 30% 30%
¥ Minimum load (%)
GT Ramp Rate - i 12/25 14/36/38
(MW/minute)
NOx (ppmvd) at 25 15
baseload (@15% 02)
CO (ppm) at min. tum- 80 25
down w/o abatement
Wobbe Variation (%) >+/- 20% >+/- 20
Startup Time - 25/ 15 25115/10
Conventional /
Peaking (min.)




Possible Site For A Transformative Power Plant

Snowy Hydro’s Colongra Gas Generation
Plant has the added advantage of
significant extra land attached to the site as
the result of the demolition of the 1,200 MW
Lake Munmorah Coal Fired Power Station.

Snowy Hydro Colongra Power Station

-

i3 111117
311717117
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Possible Site For A Transformative Power Plant

i

o X

Original site of Lake Munmorah Power
Station (now demolished).

Colongra

When we consider “Spark Spread” between
various Natural Gas fuelled Generation
technologies : OCGT (based upon GE
GT13E2), CCGT and DMCFC (Fuel Cell). If
one accepts a Natural Gas Price of A$10 /
GJ and typical figures (LHV). The various
configurations are as follows :

OCGT - Efficiency approx 34.6%, Heat Rate
approx 10.2 GJ / MWh, thus A$102 / MWh,

CCGT - Efficiency approx 50.6%, Heat Rate
approx 7.9 GJ / MWh, thus A$79 / MWh,

DMCFC (no heat recovery) - Efficiency 60%
(see attached), Heat Rate 6.1 GJ / MWh,
thus A$61 / MWh,

DMCFC (heat recovery) - Efficiency assume
80%, Heat Rate assume 2.1 GJ / MWh,

thus A$21 / MWh.
120
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The Transformative Power Plant — A New Approach

Heat Recovery Generation / Storage

Taking existing Waste Heat from the Flue Gas stream and extracting Energy to Generate Electricity with the

aim of Charging a Battery

Cooled Flue Gas
Supplied to CO, Capture Plant

Cooled Flue Gas
returned to Stack

>

Torrens Island ‘B’ Power Station

If Proof Of Concept was successful :

A correctly sized Heat Recovery Generation / Storage Plant could
provide Torrens Island ‘B’ Power Station with Rapid Start
Capability from Hot Condition via the VFB (200 MW / 500 MWh
capacity) as well as provide “Synthetic Inertia”.

Waste Heat
(From Flue Ducts HEAT RECOVERY Electrical Electrical
post Air Heaters) GENERATION Energy 5>~ Energy %;
(Organic Rankin (()) — A
Cycle Turbine / ol P/

Management

s

Electrical
Energy

Electrical

STORAGE -— S
- - e {
(Vanadium ~ _;\c“

Electrical —
Energy

Power
—_—

Redox Flow
Battery - VFB)

Electrical
Energy

If a large Vanadium Redox Flow Battery was located at Torrens Island Power Station it could
also fore fill a role of “Renewables Firming” by drawing energy in from the Grid during high
Renewables supply / low price periods and supply energy in low supply periods.



The Transformative Power Plant — A New App

roach

Heat Recovery Generation / Storage / Hydrogen / Oxygen / Synthetic Natural Gas

Note 1 : CO, could be supplied from the Air Liquide Torrens Island Plant and thus this might be termed a form of Chemical Looping utilising AGL Torrens Island’s own CO, emissions.

Taking existing Waste Heat from the Flue Gas stream and extracting Ener

Hydrogen leading to Storage and Options for various Gases
Cooled Flue Gas

returned to Stack Supplied to CO, Captu

Cooled Flue Gas

gy to Generate Electricity, Produce

Fuel Cells : Polymer Electrolyte Membrane (also know
as Proton Exchange Membrane, PEM) Fuel Cells

re Plant
>

Torrens Island ‘B’ Power Station

Cooling Water

Waste Heat
(From Flue Ducts

HEAT RECOVERY
GENERATION

Electrical
Energy DC

Electrical

Power

(PEMFC) utilising Hydrogen. PEMFCs currently are
> 7@ fEnergy
5

being trialled in a 2 MW block.
\ F%l
|
_/ L—

+¢

post Air Heaters)

(Organic Rankin
Cycle Turbine /

Electrical
Energy DC External Uses

(Sales) of

PEM

Generators - ORCT)

Management

s

Electrical
Energy

Storage

Fuel Hydrogen (H,)

Methanation
Reactor

Hydrogen

Pure Water —=)
‘ HYDROGEN
GENERATION

The Natural Gas
Network

%u

é /

Synthetic
Natural Gas
(SNG, must be

(Electrolysis)

SNG Hydrogen (H,)

Hydrogen
(Hy)

A"
(CO )#1
Synthetic Natural Gas (SNG)

80% CH
Hydrogen (H,) b QHJ)

Up to a max of 20%
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Transformative Power Plant - Improving Existing Plants
Potential Opportunity — AGL Torrens Island ‘B’ Power Station

Possible locations of Heat Recovery

Heat Exchangers -
Torrens Island ‘B; Power Stg‘

BZL B1:
e

S
2

Note : Photographs date from
before the fitting of extractions
ducts for Air Liquid Torrens Island
CO, Plant.

&7
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Transformative Power Plant - Improving Existing Plants

Air Liquid Torrens Island CO, Plant Flue Gas Off-Takes — Torrens Island ‘B’ Power Station

B2 Flue Gas Off-Take

B3 & B4 Common
Flue Gas Off-Take

B1 Flue Gas Off-Take
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Transformative Power Plant — Improving Existing Plants
The use of such Technologies as Organic Rankin Cycle Turbine (ORCT)

A DiatV

High pressure

Waste Heat out Waste Heat in
Working fluid
EVAPORATOR saturation curve
g
-]
g Low pressure
o
Working fluid 5
@ high pressure -
/
Water
Entropy
REGENERATOR Typical Organic Rankin Cycle Turbine Thermodynamic States
Regenerator
Pump Working fluid - L SR
@ low pressure Cooling water
CONDENSER —

A

waterin water out

Generator

Feed Pump

Typical Organic Rankin Cycle (ORC) Typical Organic Rankin Cycle Turbine (ORCT) Components | 127



Efficiency Improvement Transformative Power Plant

Organic Rankin Cycle Turbine — Typical Containerised Unit

+ Programmable Logic: Controller (PLC)
» Controls operation of ORC components
> Remots operation with Modbus TCP/IP
or Web interface

* Insight™ Magnetic Bearing Controller (MBC)
> Non-contact, no lubrication and
low maintenance
» Controls magnetic bearings, which levitate
the turbine wheal/rotor assembly

* PE Cooler
> Provides cocding 10 the Verdcycle™
Power Electronics

« Vericycle™ Bi-Directional Power Bectronics —
> Controls the speed and power of the
turbina/rotor assembly
> Automatically synchronizes turbine output
with grd voltage and frequancy

* Compressor
> Provides compressed air
for operation of the siam vaies

» Space Heater
> Protects unit from cold conditions, extends
temperature range of oparation

* Power Delivery Unit (PDU)
> Singla point connaction to tha grid
> Distribugtes power o ORC and other
ancillary equipment (La. PE cooler, space
heater, ORC pump, atc.)

* Slam Valves

> Automatically re-direct mfrigarant
flow around IPM during a powsr
outage or shutdown.

« Evaporator
> Heavy duty 316 SS brazed plate
haat exchanger
> High effectiveness
> Smal footpeint
» Easy connaction to process heat

* Carefree® Integrated Power Module (IPM)
> Combination of turbing, genarator and
magnetic bearings
> Hammetically saaled
> Highly efficienct

* Receiver Tank
> Ensures Iquid is
prasant at pump inlet

« Refrigerant Pump

> Industrial grade, high-head pumg
« Condenser > Variable spead motor adjusts rofrigarant
flow and pressurs to match the heat

> Heavy duty 316 SS brazed plate source condiions

heat axchanger
> High effectivenass
> Seall footpeint
> Easy connection to cooling water
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The Transformative Power Plant — A New Approach

GENERATION + STORAGE

GENERATION: STORAGE:
Organic Rankin Cycle Turbines recovery heat Sumitomo Electric Redox Flow
from Flue Gas Battery



The Transformative Power Plant — A New Approach

Vanadium Redox Flow Batteries — An Australian Innovation

UNSW

Maria Skyllas-Kazacos

heads development team

at UNSW for first all vanadium
flow battery

2002

Lac Dore Pilot Plant
Produces 99.9% Electrolyte

SET Av. ;-
R Invention of VRFB @ e BT e
UNSW  1st patent at UNSW 4 MW/ 6 MWh I S e
7986 battery installed in e © Tt
Japan by SEI
UNSW patent sold 2005  @ENERGY
to Australian Pinnacle Generation Il
Breakthrough
1998
2010 v 2016
)
] “ >
l ~—
o
1996 2005 2009 2013 £
VRS Power » ~$250M USD )
450 kW /900 kWh Acquires oM Commercial VRB & 2015
battery installed in Glodal Bolong Dalian Launch o Sumitomo installs
Japan by Sumitomo Patents to becomes global on ; GOMW VRB
fron-Chromium flow batteries the VRS VE producer UET - Holkkaldo. Japan
developed by NASA for use on missions Yachnolegy A
2006
Patent expires, allowing
companies to explore
1984 VRB technology

STORAGE
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The Transformative Power Plant — A New Approach

Waste Heat Recovery Generation / Storage

Taking existing Waste Heat from the Flue Gas stream and extracting Energy to Generate Electricity with the

aim of Charging an Energy Storage Device 1. Could allow some level of generation once hot Boiler
Flue Gases are available up until the Synchronising of the
Generator,
2. Ongoing use of Hot Flue Gas to aid existing Plant
efficiency and reduce Greenhouse Gas Intensity
(CO,e/MWh).
Waste Heat

(From Flue Ducts HEAT RECOVERY Electrical Electrical
post Air Heaters) GENERATION Energy 5>~ Energy j%‘
(Organic Rankin (()) — I
Cycle Turbine / e /%

Management (ETeTa (ST 1] FSEN®] 203 ) IK—— Cooling Water

System

Cooled Flue Gas
returned to Stack

—)__m———————

Newport Power Station

Electrical
Energy

Electrical
Energy

STORAGE L gy S
Hydrogen = Nﬂ“ (( ))
Seneration Electrical R, Electrical—

Storage / Electricity Energy Energy

Generation



Potential Site
Newport Gas Fired Rankin Cycle Power Station, Newport, Victoria

Newport Power Station is located in the suburb of Newport in Melbourne. Newport is a hub for industrial facilities,
particularly petrochemical processing and oil storage along with residential and parkland areas. The Newport Power
Station is situated on the west bank of the Yarra River immediately upstream of its discharge into Hobsons Bay and the
northern-most arm of Port Phillip Bay. The site is 9.3 hectares of which approximately 7 hectares is owned freehold, with
the remainder leased under a long-term arrangement from the Port of Melbourne (now administered by Hobsons Bay City
Council).

Newport is a relatively flat site with a number of access points to the property along Douglas Parade as well as rear
access via an extension of The Strand. There is a section of land to the north-east of Newport’s property containing plant
and equipment that is occupied by Ecogen under licence agreement.

The Newport site is currently zoned predominantly Industrial and part Public Park and Recreation as per the Hobsons

Bay Planning Scheme. A minor segment of the southern portion of the site is subject to a Design and Development
Overlay, restricting development to a maximum building height of two stories.
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Potential Site

Newport Gas Fired Rankin Cycle Power Station, Newport, Victoria

Newport Power Station
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Potential Site

Newport Gas Fired Rankin Cycle Power Station, Newport, Victoria

<

G tﬁcm LICENGE
vy Licence 11578

o NG YWATER IMLET
7 'Waler Inkal from Yeaama Fiver

O o=z

Tilled |and owned
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Potential Site

Potential Development Area at Newport Power Station
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Potential Site

Newport Power Station p-

- -

Cooled Flue Gases @iSS-=g
Returned to Stack G e
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Efficiency Improvement Transformative Power Plant

Organic Rankin Cycle Turbine + Hydrogen Generation / Storage / Electricity Generation

Switch Room /
Control Centre

Switchyard

Organic Rankin Cycle Turbine (ORCT)
Waste Heat to Electricity

Proton Exchange Membrane Fuel Cells (PEMFC)
Electricity to Hydrogen / Hydrogen to Electricity

Hydrogen Storage &7 138



The Transformative Power Plant

Hydrogen Energy Storage
Why Consider Hydrogen Energy Storage

+ Potential to for large scale Energy (Nm?3 H, to MWh,) Storage only limited by Gas Storage infrastructure,

» Adaptable Power to Energy ratios (MW, — MWh,),
» Alternative uses for Hydrogen,

» Long term Storage capability with no degradation,

* Rapid response,

» Plant life potentially very long,

New Hydrogen storage technology based on cast Magnesium
alloys with novel microstructure to store Hydrogen as a solid 5«}’
metal Hydride.



“The Transformative Power Plant”
Technology Concept 4

Transformative Power
Plant As Applied To
Generating And Utilizing
Hydrogen + Firming
Renewables



Transformative Power Plant

Firming Renewables and Supporting the Hydrogen Economy

Fuel Cells : Polymer Electrolyte
Membrane (also know as Proton
Exchange Membrane, PEM) Fuel Cells

(PEMFC) utilising Hydrogen. PEMFCs
Solar currently are being trialledina2 MW | The Grid
block.
: e
et _ TPW s \\. \.\
v PRI (( ))
Power b .._.._,_.i_a
_7 -
DC AC
_ T el
o——o1 _ i I T
A< L))
FPower SN -’
Typically the energy efficiency of a Fuel Cell
DC is generally between 40-60%, or up to 85%
efficient in cogeneration if waste heat is
captured for use.

Management
System

External

C
Uses Gas Storage
(Sales) of Hydrogen
Hydrogen ()

Electrolyser

* Hydrogen
H
Hydrogen (Ho)

(H2) e

—
{4

<G




Transformative Power Plant

Firming Renewables and Supporting the Hydrogen Economy

The first 2 MW PEMFC now in operation in China (manufactured in Europe).

, Hydrogen
(H)

PEM Fuel Cell

A 142

Water (H,0) ruce






“The Transformative Power Plant’
Technology Concept 5

Transformative Power

Plant As Applied To Black
Coal Gasification +

Hydrogen Economy



Gas
) water-gas-shift MY

steam Synthesis gas e dELPILL
oil oo

Transformative Power Plant MR o ., [ESEERS

gasification (syngas) wetharol CH,0H
Black Coal and the Hydrogen Economy s
Casfice [ Gos Siream Cleanup/Component Separcion | ﬂw External Uses™
B @ 2 e\ Cremcos  (Sales)of Rl SETERG0.
el - ; Hydrogen -
- | - H2 L .
E g | B ’ 3 (Hz) &
,% \ 0 - Transpodotion Fuats
:’# w - el t Hydrogen And / Or CO+H,
M | (Hy)
0

(€3

Morkeloble Soid Broroducts

[

Pure, Low Waste Heat
Pressure Carbon Recovery

Water (H,0) Dioxide (CO,)

PEM Fuel Cell ™ 'DMC Fuel Cell

Power

Steam The Grid

DC -
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The Transformative Power Plant — Flexibility + Opp%rgldrglty

Coal

Electricity

SynGas

Hydrogen 2
Hydrogen Sales Hydrogen

SToRAGE

Synthetic Natural Gas( SNG)
é 146
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The Transformative Power Plant — Flexibility + Opportunlty

,,,, Electrici
- ) ectricity
= :
-
et Sales

v,;.‘;_’rl.

S—— -

Added advantage of .

an ability to support
Electricity Network
and “Firm”
Renewable |
Generation

a———

STORAGE

Outputs :

Coal

Electricity

SynGas

Hydrogen

Synthetic Natural Gas( SNG)
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“The Transformative Power Plant’
Technology Concept 6

Adaptive Power Plant as
Firming South Australian

Renewables + Hydrogen
[ H !IVIIVI Technol
B:idgingTMAedgeGap senne ogv Economy



Transformative Power Plant

Firming Renewables and Supporting the Hydrogen Economy In South Australia

Fuel Cells : Polymer Electrolyte
Membrane (also know as Proton
Exchange Membrane, PEM) Fuel

Firming Service

Cells (PEMFC) utilising Hydrogen. PEM Fuel Cell == Water
PEMFCs currently are being trialled The Grid eomer
ina 2 MW block. -
+o—| i S ;&_\h ™ \(7—\/‘\/‘ .—-A( W -
A () -
Power _/\~._\;i.
Hydrogen
Hydrogen (Hy)
. (Hy)
AC ‘ ‘
External
And / Or Uses Gas Storage
(Sales) of Hydrogen
i —~< 1® O Hydrogen (Hy)
I G I :; ) — . ' (Hp) Water
LY y
—Pow L Q o) (H,0)

2H0 — 2H; + 0z
Fower

Typically the energy efficiency of a
Fuel Cell is generally between 40—

. . . R — +
60%, or up to 85% efficient in £ VA A = | bC
cogeneration if waste heat is captured N )

for use.

Ry
P Electrolyser



Transformative Power Plant

Firming Renewables and Supporting the Hydrogen Economy In South Australia

TransformativeH2
Port Augusta Plant

Hydrogen Production

\» \_‘) (Electrolysis)
2 0®

2H,0 ——

Gas (Energy) Storage

Generation
(PEM Fuel Cells)

Potential for the development
of a new “product” —
Renewables Firming

, ot ad] Lewh Cx Coarens ‘
Oympc Legh O
i MM M(

TransformativeH,

* Key pointin the SA

Export of Electricity Grid,
Hydrogen + Key Load Centres to
(H2) the north and south,
. * Potential for high
Solar based
fransmission Network Ge_n e.ratlorj,
amaamas ISW UG Tam—C  Existing high
12k Line

- —— 132 kV Transmission Line owned by Others
Line

sV

Assels

» 275KV Substation
* 132KV Substation
» 65KV Substation
L Wind Farm

) Future Sudstaton
B Power Staton

N g Stat

penetration of Wind
Generation nearby,
* Possible location of
H, export facility,
* Land available,
+ Development needed.
6@1’;‘
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Transformative Power Plant

Firming Renewables and Supporting the Hydrogen Economy In South Australia

TransformativeH2
Port Augusta Plant

Hydrogen Production
(Electrolysis)

0,

* O
*® D

2H,0 —

Gas (Energy) Storage

Generation
(PEM Fuel Cells)

Potential for the
devlopment of a new
“product” —
Renewables Firming

TransformativeH,
\ POYIAgguua
Hornsdale
) #u - North Brown Hil
Whyalla ‘,LHa"et 1
A B
E Y . Hallet 2
A Snowtown 17
e Ly
Snowtown Souiiw ' Naterloo
6.5 Gawler
ort Lincolni 3 / 2
: v
%
.J'h Adelaide-,
» ‘l R(ur.hy
‘A Bridge
mictor garbor
Kongaroo _‘\ "
Island ’ N
2 A Wind Farm

Key point in the SA
Electricity Grid,
Key Load Centres to
the north and south,
Potential for high
Solar based
Generation,
Existing high
penetration of Wind
Generation nearby,
Possible location of
H, export facility,
Land available,
Development negged.
&'{J
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“The Transformative Power Plant’
Technology Concept 7

Transformative Power
Plant Supporting Large
M Scale Consumers



Technology Concept 8 — Transformative Power Plant

Dependent on Fuel available, input could be : Large Customer
v" Natural Gas,

v' SynGas,

v' BioGas, ]

v Potentially Diesel, —~_ Electrical
v Hydrogen (PEM Fuel Cells) TN Energy

+ = a ;o j
DC - ~ AC {0 |

Electrical o Power Electrical _/\—“1L
Energy Energy
PRIMARY SECONDARY Electrical _ Electrical
Waste H N
GENERATION aste Heat GENERATION Energy (._/ Ilf_f \", \‘| Energy
VIt m— njrect Molten (Organic Rankin N \J vl
Cooling Water === [BRSCUSIRLIEREIEIN A Cycle Turbine /
Cells - MCFC) W Generators - ORT) botential for

Pure CO Electrical Cooling Water Electrical Synchronous
2 Energy ENEIgYummmne:  wmrias Condensing
Waste Heal ) .-aj
. F RealFower ‘ﬁ'm N

Noté\: "‘L \//7@4\

1. VWth modular Fuel Cells and Batteries arrangements it ' - - “ { \,I \|
mal be possible to be generating to both the Market as Y = AC '._‘ /)
well 3 Storage at the same time. STORAGE Y WAL

Power —

2. With mddular Batteries arrangements it may be possible

(Vanadium

:ﬁ be cha'ng frorg' eitr?er I and tgi FuerI]Ce[I and OtR'fl'tﬁt R d FI Electrical . Electrical
e same time.as discharging and / or charging part of the ower
Battery to or fromthe Market. edox rlow Energy Energy

Battery - VFB) éﬁ;’“ =< <)

Power _/--_“_' | 153
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“The Transformative Power Plant”
Technology Concept 8

Transformative Power
Plant Supporting Gas
Processing Plant
Efficiency



Technology Concept 9 — Transformative Power Plant

Gas Processing Plants

Electrical
) . ._>/-_/-»<\-~< Energy
- Ry "\\ I /.-" Fi

_ Power Electrical -~
Energy

Electrical
Energy

PRIMARY Waste Heat SECONDARY Electrical . Electrical
& GENERATION GENERATION Energy
Hroe e (Direct Molten (Organic Rankin
N o= Carbonate Fuel Cycle Turbine /

Cells - MCFC) W Generators - ORT)

Pure CO Electrical Cooling Water Electrical .
ure CO, Ener s
Energy aqy o
Waste Heat
Power —_—

Note : - >,./_,<\ - \/\
1. With modular Fuel Cells and Batteries arrangements it o “ { \'u .\l

may be possible to be generating to both the Market as = AC LY [

well as Storage at the same time. STO RAG E ' Y N ."_w-iz.-(i'
2. With modular Batteries arrangements it may be possible 1 Power . J— S .

to be charging from either / and the Fuel Cell and ORT at (Vanadlum Electrical Electrical Electrical

the same time as discharging and / or charging part of the Pawer — Ener

Battery to or from the Market. Redox Flow Energy I Energy P raad 9y

A

Batery - VFB) RS rampbreneX _ (W)

Power _/--_.“_' L -
_—
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“The Transformative Power Plant”
Technology Concept 9

Transformative Power
Plant Synthetic Natural

Gas and The Hydrogen
Economy



Trnasformative Power Plant

Firming Renewables, Supporting the Hydrogen Economy and Providing Synthetic Natural Gas

The Grid

And/ Or

® O
2O

2H0 —

External
Uses
(Sales) of
Hydrogen
(Hp)

Fower

Fuel Cells : Polymer Electrolyte Membrane (also know as Proton
Exchange Membrane, PEM) Fuel Cells (PEMFC) utilising Hydrogen.
PEMFCs currently are being trialled in a 2 MW block.

Electrical tnergy

) Water
PEM Fuel Cell The Natural Gas
Powar (HZO) Netw Kk
i etwor
7{7F\‘{ AC = _D(‘:'.P ! —m
N WA - Carbon
Dioxide
(CO,)
Hydrogen
Hydrogen (Hy)
(H2) ~ o R

Hvd l Synthetic
ydrogen | Natural Gas
Storage v
Hydrogen ' ) (SNG, must
(H,) be 80% CH,)
Water Methanation
(H,0) Reactor
— Hydrogen (H,) gﬁ

Electrolyser

Up to a max of 20% | 157



Transformative Power Plant

Firming Renewables, Supporting the Hydrogen Economy and Providing Synthetic Natural Gas

The Natural Gas
Network

The Grid

Note : Electrolyser
can offer Synthetic
System Inertia

Hydrogen
(Hy)

Hydrogen (H,)

Hydrogen Up to a max of 20%

Storage

Hydrogen

Fower

S — v
. Q- . Hydrogen (H,)
Up to a max of 20% &7 | 158

Electrolyser



Transformative Power Plant
Coal Gasification, Supporting the Hydrogen Economy and Providing Synthetic Natural Gas

- ———

Fuel Cells (either Direct Molten Gasifier y Generation \

Carbonate Direct Fuel Cells
(DMCFC) using SynGas and / or
Polymer Electrolyte Membrane
(PEM sometimes referd to as
Proton Exchange Membrane)
Fuel Cells (PEMFC) utilising
Hydrogen). MCDFCs are
commercially available in blocks
up to approximately 3.9 MW per
block and PEMFCs are being
trialled in a 2 MW block currently.

(DMCFC or PEMFC) !

Carbon Reuse /
» Sequestration
AGL Fuel Cell only if SynGas used.

Power Plant

Water
|:>only if Hydrogen = /1 1]
ol

l used w

H, Gas Storage

1

/7

Management
System

Black and / Coal Coal SynGas b Hydrogen — S Hydrogen =
or Brown Coal Preparation Gasification Clean Up Stripping Liquefaction =ik

SynGas
l Conditioning
Slag / Ash Containments
(Sulphur etc)

Hydrogen (H,)

Carbon Reuse /
CO, Sequestration

The Natural Gas 4| 159
Network &




POSCO Gwangyang Project for
Substitute Natural Gas (SNG)

+ 0.7 B NM3/yr SNG production
(500,000 mtpy)

*+ 5500 mtpd sub-bituminous coal
processed into syngas and
catalytically converted to methane

« 2+ 1 Gasification Trains

* Located adjacent to the POSCO
Gwangyang Steel Mill on reclaimed
land

* Groundbreaking 2Q2011,
Start—-Up in 4Q2014

* First Gasifier set April 2013

Slag Product




POSCO Gwangyang Project for
Substitute Natural Gas (SNG)

Location : POSCO Gwangyang |
Steel Works, South Korea

Artist’s Concept

4 500,000 mtpy SNG
2+1 trains

sub—bituminous co
,— al

= Site Photo
- Sept. 30, 2013

& Construction Photograph 30th September, 2013 1 161



POSCO Gwangyang Project for
Substitute Natural Gas (SNG)

» Feedstock Capacity & Specification : 5,500 mtpd (1.8 MM mTPY) Sub—Bituminous Coal

Selected Coals Feedstock
Range
Gross As Received (GAR) | Total Moisture (as received)| % 20-30
Intrinsic Moisture % 18.0
Volatile Matter %% 32.0-38.0
Ash % 3-6
Air Dried Basis (ADB)
Fixed Carbon % 39.0-41.0
s % 0.2-1.0
cl % 0.01-0.03
HGI 4042
Ultimate Analysis Dried SE. gar (HHV) ccallk 5 150.5.350
Ash Free (daf) =9 ™ o
S.E. gad (HHV) kcal'kg 5,500-5,735

| 162



POSCO Gwangyang Project for
Substitute Natural Gas (SNG)

Operating SNG Plant Today

POSCO Gwangyang
Steel Works Complex

1l 163



“The Transformative Power Plant”
Technology Concept 10

Adaptive Power Plant
Supporting A Large On
Site Mining Customer +
Hydrogen Economy



Transformative Power Plant Phase 1: Powering the Washery

Black Coal and the Hydrogen Economy
‘ Coal Preparation Plant (Washery)

0D -—

Coal Handling and Stockpile

L

SynGas Power Fuel Cell
Generation

r'
=
o
3
RLALLRRRRERY AL LR L)

ooooo

compeesso T 11| Air Separation Unit




Transformative Power Plant phase 2 : Adding Hydrogen Production

Black Coal and the Hydrogen Economy The Hydrogen Economy

I ~ ﬂm External Uses | -

> cnemeos  (Sales)of  GELETTEGRRR o = [ L
e N O + H. T ywh, ynthetic

W €O+ H w fuels

\*@ Hydrogen *****  dan Nl ce) metsansi__ CH,O0H
- (H) & Enmeemenh =

Pressure Vessel

\Raw gas N

Heat Recovery
section . fation Fuok
Membrane Wall
| H d * Synthesis gas
Membrane Wall ydrogen And / Or CO +H,
Quench gas with Refractory (HZ) (syngas]-
nozzle |+ ‘

Gasification

Upper Burner =" A ’ 3 section SM Add Ga.S
Lower Burner 3 Slag Quench i Storage
Char Burner section | <
eam Burner ¢ n
Steam B g Qo €
Slag
Hydrogen
Possible Phase 3 : ' (H)

Generation From Hydrogen

Pure, Low Waste Heat
Pressure Carbon Recovery

Water (H,0) Dioxide (CO,)

E/Iﬁ And / Or

Management
System

DMC Fuel Cell

Power

Steam

)
é@,
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Information

Gasification




Coal — Gasification A Starting Place For Many

Products

NOTE : This diagram represents Oxygen Blown Gasification from more “traditional” Gasifiers.

% Feedstock
' Petrolaum
Cnlmfiasld

Gaosifier " Gas Stream Cleanup/Component Separation

Symges m ﬂ Fuels

* '\ Chemicals

)

- L Transportation Fuels
= —
| » 7 Fuel Cell Electric Power
- / Combined
i T Cycle
Sulfur/ —l ‘ Combustion | Turbine
 Selfuric Acid

Generator
Air — a

Electric Power

T Exhous! Stack
Recovery
Steam Steam Generotor CO; for Sequestration
Marketable Solid By-Products L S — Generatar

Source : Tennant, J. B., 2011, Gasification Technologies Program — Overview, National Energy Technology Laboratory (NETL),

NN

Steam Turbine / Elaciric Powar

US Department of Energy, Washington DC.
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Black Coal Gasification + Hydrogen

- ———

Fuel Cells (either Direct Molten Gasifier y Generation AN
Carbonate Direct Fuel Cells /

(DMCFC) using SynGas and / or Fost Bee (LGRS EHFE A !
Polymer Electrolyte Membrane A
(PEM sometimes referd to as
Proton Exchange Membrane)
Fuel Cells (PEMFC) utilising
Hydrogen). MCDFCs are
commercially available in blocks
up to approximately 3.9 MW per
block and PEMFCs are being
trialled in a 2 MW block currently.

AGL Fuel Cell
Power Plant

1

Hydrogen '

/7

Management
System

Coal vl Hydrogen
Preparation Gasification Clean Up Stripping

Slag / Ash Containments €O,
(Sulphur etc)

I Liguefaction m

Carbon Reuse /
» Sequestration

only if SynGas used.

Water
|::>only it Hydrogen | /1 11']
- | used ! E'—-”‘L’%)
—————

H, Gas Storage

N

Hydrogen

Hydrogen (H,)

Carbon Reuse /

Sequestration

&7

| 169



AGL High Efficiency Fuel Cell Concept

Fuel Cells (either Direct Molten
Carbonate Direct Fuel Cells
(DMCFC) using SynGas or
Natural Gas and / or Polymer
Electrolyte Membrane (PEM
sometimes referd to as Proton
Exchange Membrane) Fuel Cells
(PEMFC) utilising Hydrogen).

The Grid

F/if iv

Electrical

Energy

&=

AC

MCDFCs are commercially
available in blocks up to
approximately 3.9 MW per block
and PEMFCs are being trialled in
a 2 MW block currently.

SynGas Storage
T SynGas or

SynGas or Natural Gas

'”‘—"’" - )Natural Gas
e &y

Electrical
Energy

hectricat Eneegy

svecoce

s

Fuel Colt

only if SynGas
/ NG used.

Co, » Carbon Reuse / Sequestration

Power

Electrical
Energy

Organic
Rankin
Cycle
Turbines

Fuel Cells

Water
only if
Hydrogen

3.7 MW DMC Fuel Cell Modules

H, Gas Storage
, Hydrogen (H, ';. ks

< / | 170
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There Are Many Gasification Technologies

Types of Gasifiers
Although there are various types of Gasifers (gasification reactors), different in design and operation characteristics, they are general classified into three categories:
» Fixed-bed Gasifiers (also referred as moving-bed Gasifiers)

»  Entrained-flow Gasifiers
»  Fluidized-bed Gasifiers

Commercial Gasifiers of GE Energy, ConcoPhilips E-Gas™ and Shell SCGP are examples of entrained-flow types. Fixed-or moving-bed Gasifiers include that of Lurgi and British Gas
Lurgi (BGL). A number of other Gasifiers exist.

OF Energy Shell ConocoPhillips Siemens KBR
SCGP E-Gas (GSP/Noell) Transport

(Chevron-Texaco)

Source : Tennant, J. B., 2011, Gasification Technologies Program — Overview, National Energy Technology Laboratory (NETL), 2
US Department of Energy, Washington DC. iiéfp"



There Are Many Gasification Technologies

Entrained-flow Gasifiers

Steam,
en
r Gasifier
Top
Entrained-Flow
. . i - Gasifier
Fixed-bed Gasifiers (also referred as moving-bed Gasifiers)
—Gas
GasI S
Gasifier Clatter £y 4 B ‘139
Top Bottom ™"550 500 750 1000 1250 1500
Slag Temperature — °C
Moving-Bed Fluidized-bed Gasifiers
%aslf;erh) R
(Dry As as
| Gas_lrh:; R A P |
Coal Coal |Gas
|
|
& TR \d-Bed |
Steam, 5 7 :oc Gasifier ! |
Oxyg / ! Bottom |
or Air 0 250 500 750 1000 1250 1500 |
Ash Temperature - °C g‘:y;?h
A [ S
ok i‘ ; Gasifier| 1| | TR |
or AY ' Bottomy 250 500 750 1000 1250 1500 Vi

Ash

Temperature - °C

Source : Tennant, J. B., 2011, Gasification Technologies Program — Overview, National Energy Technology Laboratory (NETL),
. 172
US Department of Energy, Washington DC.



MHI Gasifier — An Example Of An Air Blown Gasifier

Reductor !
OO0 coal gas + char cyclone + porous filter
char + H20 = CO + H2
CO +H20=CO02 + H2
char
coal = volatile matter + X M 11 1100°F |~
char eductor || [
-
coal s
& .
Combustor . .
coal = volatile matter + coal L endothermgic
char o) X gasf_tlemp
volatile matter + 02 = TiRombusto] ar P
CO2 + H20
char + O2 = CO + CO2 e
Low High Temp
molten slag

The Mitsubishi Heavy Industries (MHI) gasification technology was developed with the goal to maximize the
gasifier efficiency (e.g., dry feed, and a unique two-stage reactor design) and reduce costs (e.g., air-blown to
eliminate power consumption and capital cost of an oxygen plant).

The MHI gasifier is a pressurized, upflow, entrained-flow slagging reactor with a unique two-stage operation. The
MHI gasifier, however, is a dry-feed system, and the reactor internal is protected by a membrane wall, similar to
those of the Shell and Siemens designs. The current focus of the effort is on air-blown (or enriched air blown)
IGCC application. R&D activities are being carried out to develop an oxygen-blown system for coal to fuels and
chemicals applications.
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Gasification — The Journey Is Well Underway

120,000 Dike Enéigy
Edwardsport
Us -2012
1% Non-Recourse Hué';:eng GG;gUP
100,000 0il IGCC Projects — Italy ";:;Em“:;ccﬁ—:;;m China— 2011
Financial Close Achieved Tampa Electric Polk 15t Ol Hydrogen SSIppi Power
996 1996 IGCC Project
\ Shell Pernis
“B 80,000 Coal IGCC Project S
2 1% Coal IGCC DOE CCT IV P IGCC Z’I‘;ﬁ"'
= Demonstration Wabash River uertollan
'; Cool Water Plant 7997 Clean Coal Power
© 1984 Nakoso IGCC
> 60,000 » -2007
0>). 1% US Commerciah$cale g i Mn\llv;anF?’(aZnt
Coal Gasification Pla Ugg:gg 4
Great Plains Synfuei \
1984 1¢ Natural Gas
40,000 g asification F-T Project
40 Chemicals Ptant. Shell Einasu
- 1993 1842 Baltimore Electric Town Gas
Eastman Chemica 1887 Lurgi Gasification Patent
1983 1910 Coal Gasification Common in
20,000 U.S. ! Europe for Town Gas
Sasol lll 1925 Fischer-Tropsch (F-T) Patent
1982 1940 Gasification of Natural Gas for Hydrogen in
Sasol Chemical Industry (Ammonia)
1977 19855 Gasification of Coal for F-T Liquids Sasol |
0 -

1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016

Source : NETL, 2010, Worldwide Gasification Database, National Energy Technology Laboratory (NETL),
US Department of Energy, Washington DC.
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Worldwide Gasification Capability & Planned Growth
(by product)

50,000
i Planning
u Construction
u Operating
40,000
=
S 30,000
£
)
©
o
5,
o 20,000
10,000 l
0
Chemicals Liquid fuels Power Gaseous fuels

Source : NETL, 2010, Worldwide Gasification Database, National Energy Technology Laboratory (NETL),
US Department of Energy, Washington DC.
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Worldwide Gasification Capabillity & Planned Growth
(by product)

i Under
Feedstock Operating Construction Planned Totals
2010 2011-2016
2010

Syngas Capacity (MW, 36,315 10,857 28,376 75,548
Coal Gasifiers 201 17 58 276
Plants 53 11 29 93

Syngas Capacity (MW,,) 17,938 17,938
Petroleum Gasifiers 138 138
Plants 56 56

Syngas Capacity (MW, 15,281 15,281
Gas Gasifiers 59 59
Plants 23 23

Syngas Capacity (MW, 911 12,027 12,938
Petcoke Gasifiers 5 16 21
Plants 3 B 9
Syngas Capacity (MW, 373 29 402
Biomass/Waste Gasifiers 9 2 1
Plants 9 2 11

Total Syngas Capacity (MW,,) 70,817 10,857 40,432 122,106
Total Gasifiers| 412 17 76 505
Total Plants 144 1 37 192

Source : NETL, 2010, Worldwide Gasification Database, National Energy Technology Laboratory (NETL), 176

US Department of Energy, Washington DC.



Coal Gasification — Potentially Has A Lot To Offer

Fertilizers sulfuric acid, POLYG E N E RATI O N

insecticides and fungicides. Electricity

Acetic Anhydride

Methyl

AN Methanol Acetic Acid  Acetat
A oS Vinyl Acetate
> J—> > Monomer
Sulphur
Recove

FT liquids

—’ Y "
= =
Oxo
—> cetate Ester Chemicals
High Grade Fuels thylene/ m

ropylene

(%, ‘i o
J

¥}

+

Fertlllzer Polyolefms

177
,9, f%*,

Ammonia NitricAcid AN
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Coal Gasification — A Starting Place

GASIFY SYNTHESIS GAS

C+AIR+STEAM > CO+H,

<

TECO Energy's IGCC
(Integrated Gasification,
Combined-Cycle)

Polk Power Station in

Polk County, Florida, USA.
The 260-megawatt IGCC
facility began commercial
operation in 1996.

&7
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Gasification — Polygeneration, Solutions To Other
Issues

Coal UREA MANUFACTURE AS THE
l BASIS FOR FERTILIZERS

Power
) Generation
Coal Preparation CO,
Syngas
\y
L. . 3 . 3 Gas - Ammonia Urea
Gasification Shitt Clean-up - Synthesis 3 Production

i T

CO. No Urea

(capture ready)

T L
Sulphur

Air Recovery

Air Separation =3 N,

Urea Production
The ammonia is reacted with the carbon dioxide which was removed from the syngas in the gas clean-up section to
produce liquid ureas. The urea solution is then dried and granulated, an easily transported and user friendly form of

nitrogen
ey
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Transformative Power Plant — Polygeneration
Gasification — Polygeneration, Solutions To,Other Issues

Gasification
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Transformative Power Plant

Black Coal and the Hydrogen Economy I The Hydrogen Economy
R i “MWW - BM External Uses | - e
™ - : com _’50*0'*03 (Sales) of UGSt o <= e —
Raw gas L - s C Hyd rogen e PN o+, [EEEERNERET
1 \_> -  Hydrogen g el .
Heat Re::overy 21 | - r (HZ) & Bo, R
section | A DY e L d “
Membrane Wall A\ D £ N ] p frarspoddation Fuols *
‘ Membrane Wall Recion:. = Hydrogen And / Or CO+H,
Quench gas with Refractory (Hz) e
nozzle | \ Y
gt P Gasification T _A~~____,..L.¢ i ol 9 3
Upper Burner — section SuC Aca Gas 7 »
Lower Burner Slag Quench B Storage
Char Burner section "
Steam Burner 4 S Cuxygen
'; Ak
Slag

Hydrogen
i 12)

Possible Phase 3 :
Generation From Hydrogen
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Electricity

Generation
ﬁ " -

Note:

There are many Polygeneration products that
can be produced from Syngas. However, the

remote location of some coal deposits would
make effective production of some products
non commercial One exception maybe the
production of feedstock materials for
explosive production. Such a scheme is

| illustrated here. 7

Ammonia

Ammonium Nitrate Ammonium Nitrate Australian Demand For Explosives
/ Fuel Oil (ANFO) In The Mining Industry

Nitric Acid
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Electricity Note:

Note #1 : Teragrams
Generation

(Tg), the usual
measurement unit for
discussing the global
Nitrogen Cycle.
Teragram is, a
mixture of the metric
prefix Tera (T) and
the SI unit of weight Polygeneration Products
gram (g), a unit of
weight equal to 1E+9
kilogram or
1,000,000 tonne

There are many Polygeneration products
that can be produced from Syngas.
However, the remote location of some coal
deposits would make effective production of
some products non commercial One
exception maybe the production of feedstock

materials for fertiliser production. Such a

scheme is illustrated here.

World NEED For Fertiliser
120

(metric ton§). ; o ‘ﬂ Ammonia —
~armaronme.