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What Does This Mean?

e Lasttime we were at this conference, DOE announced this
grant award (thank you)

« Today, we will tell you the preliminary results, for 50 MW EGS
Cost in areally challenging environment (Western MA)
— 50 MW Net Water-EGS (70 MW Gross)
— 50 MW Water-EGS Diesel / CNG Hybrid (20 MW Water Pumps)
— 50 MW CO2 EGS T Todayis Cost --- No Magic

— 50 MW CO2 EGS T Cost with reasonable application of CO2
Generation and Drilling Technology

« We will also tell you what other (reasonable) locations we will
study
— We expect a final report to be produced later this year
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® Westover Air Force Base ».
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« Westover: :
— ~400 F @ 30,000 ft
— ~300 F @ 21,000 ft
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EGS Working Fluid: AP R
High Pressure Water or Carbon

/‘ . . 0
Dioxide? ST
“m|

High Pressure Water
Well understood
Reacts with bedrock
— Direct use of steam problematic
Mobility low and pressure drop high at depth
— Viscosity / Density not favorable
Very high pumping power

— Could be ~40% of gross power
High specific heat
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Pump not
required

Down hole
compression
provides pre-

dwng heat
. Up hole
expansion
JBPUP—GXEI ! results in loss of
temperature, but
not enthalpy
1 4 Jojelodeny £
- Lots of pressure
available to
make power
directly topside
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g nNEarth Cycle Efficiencyo -- :
% wme4 Technical Observations -- Surprises . -

Summary for 50 MW Net Power Depth  Massflow

1. Traditional CO2 ORC appears to be a loser (compared to water, in MA)
— No pumps, but much deeper holes, plus cost of CO2!!

2. CO2 Turbo expander (direct turbine generator) looks very good
— Higher cycle efficiency and lowest machinery / auxiliary costs

3. fiClevero CO2 cycles probably not so bright
— Not really better, or hugely complex / risky (turbines 5 miles below surface)
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A Subset of the Variants
Considered
(All Western MA)
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I SOPO 1.0 Summary Result Sheet: |
% M: Baseline H20 EGS % o

Parameters: Comment
o Even Wlth E;ZssoFxger Zg mw Geothermal Gross Power, Not Plant
unrealistica”y WaterPump!Dc_)wer _ 20 MW (from WBS 3)
cheap money ~ [Sidsryen) i )|
(4%), the MA Renewable Market Class 1 RPS $13 $/MW-hr
conventional
EGS does not
look good in
Western, MA
— No huge surprise
« The hybrid diesel
pump version
(next page) is
better than all
electric pumps
— Lower capital cost
— Better ROI
Gas Equipment Engineering Corporation SMU Briefing
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SOPO 1.0 (H20 Baseline)

/4
WBS Capital Cost WBS Element
70 MW Gross 50 MW Gross (GT)
50 MW Net 20 MW Hybrid Pump
Electric Drive Diesel Drive
1.0 $3,710,000 $3,710,000 Resource ID/ A

2.0 $890,540,446 $699,109,235 Reservoir Deve
3.0 $11,070,000 $38,512,000 Fluid Managem
4.0 $187,400,000 $151,000,000 Power generati

5.0 $3,500,000 $3,500,000 Integration / Dis @
6.0 $18,000,000 $18,000,000 Integration/Dis ~ new

7.0 $10,430,000 $10,430,000 Topside Structur, = = i‘ l
8.0 $15,430,000 $15,430,000 Land Acquisitiony .~ _ {
9.0 $4,130,000 $4,130,000 Permits / Approy” =

10.0 $18,250,000 $18,250,000 Project Manager

Total $1,162,460,446 $962,071,235

Gas Equipment Engineering Corporation SMU Briefing

w4 Capital Cost Tab s

GEECO 21,000 foot.! "-1/4" End Bore Well Construction

$s | | Typs Pips 3st
nth__ | |
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SOPO 2.0: Impact of CO2

Parameters: CO2EGS Comment
Geothermal Power (Net) 50|MW Geothermal Net Power
Total Net Power 50|MW Yearly Total (Not Including Filling)
°
CO 2 EG S ! CO2 System Net Power (extra to be sold) oMW (from WBS 3)
WIT h out an y Cost of Electricity (retail) $167 |$/MW-hr (US DOE EIS 2008 MA)
Cost of Electricity (wholesale) $81 |$/MW-hr (ISO NE 2008 Hub Price)
technology MA Renewable Market Class 1RPS $13 | $/MW-hr
I 1 Capital Cost $1,454,099,373 (roll up) (from capital sheet)
tric kS y WI 1 Cost of Capital | 4.0%|(high) (variable)
re q ulre Annual Capital Cost $84,090,711 (30year) (calculation)
k f O&M Cost 1.0% (of capital $) (guess)
S t aCKS O Availability 99.5% (uptime) (guess)
m O n ey Cost ltem $
— Most | y Annual Capital Cost $84,090,711 Escalation Rate (%/year|)
: O&M Cost $14,540,994 2.0%
driven by O&M Cost Engines $240,960
TRL9 Purchased Costs (Fuel / CO2) $8,127,206 1.811361584 (30 year)
decision on Total Annual Cost $106,999,871
corrosion Revenue (1st Full Year) Revenue (30th Year)
contro I Percent Impact of Escalation in Electric Costs
_ N ot h | n g Offset of Retail Electricity $36,390,135 50.0% $65,915,693
d Wholesale Electricity $17,650,305 50.0% $31,971,084
proven (an MA Renewable Market Class 1 RPS $5,665,530 $5,665,530
Inexpensl Ve) Renewable Investment Tax Credit $8,716,200 (Zero After 10 Years)
i S O ut th ere Total Revenue $68,422,170 $103,552,307
nowe Profit /Loss ($38,577,701) ($3,447,564)
Gas Equipment Engineering Corporation SMU Briefing
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« Though not
the driver as
shown, the
CO2is
pricey, but
the biggest
deal here s
risk

— If
porosity
estimate
Is off by
factor of
3 you are
out

another
>$0.5B

SOPO 2.0 WBS3: Price of CO2
z wme4 (and topside fluid management)

4_*;-—? :

WBS Cost

Item

3.0 $183,770,000 CO2
3.1 $175,200,000 Filling CO2

3.2
3.3

3.4 $2,000,000 Electric Blower to Start Thermal Siphon?

Price / Ton (In Massive Quantity)

Basis / Comment
MT Required

0.73
240

1000 hp multi-stage compressor, electric drive (Solar Turbines)
3.5 $3,580,000 Diesel Genset for Backup Power

ROM

Gas Equipment Engineering Corporation
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e SO PO 3 . O sari wr* N
w wme4 CO2 +Technology Capital Cost Tab

« WBS2 Costs are lower
mostly as a result of
clad liners vs.
stainless T and lower
price of CO2 enabled
shallower depth
design (21kft)

« WBS3 Costs are
offset by $74M of one
time (filling revenue)
& 125% of yearly
revenue (top-off)

. Net result:
— 60ish% of the costs

— 125ish% of the
revenue
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- Turbines, Turbines,
w wme4 Turbines

« Plasmareservoir filling system
uses Dresser Rand Model 1

— Semi-closed combustion turbine
with captured CO2

« Main power turbines by TAS

— Shaft sealing configuration.

— Metallurgical concerns due to wet CO,

Nraran~,
X

PR [PV AP PPN I P

— Fynactad nat senaratar autput nowar =13 200N nar (Il oo g e o

— —.55.0 Ml tetal for (AL unite @ Rudaatary Pricing 2 $ANNGNOAIN.
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SOPO 4.0 Locations
% wme4 (with Technology)

Mountain Home AFB, Mountain

s A

Gas Equipmant Enginsaring Caorperation DoublaTras Masting =5 Briaf|
DOE Enargy Efficlancy and Renswatis Enargy: Gaotharmal Tachnologies Prog
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Summary

 Detailed WBS based EGS cost models have been developed
as aresult of a DOE Grant

* The baseline (50 MW Water EGS) in Massachusetts is
untenably high cost (well over $1B capital T 70+% of which
IS associated with reservoir development) and is not
profitable, even with high electric rates, unless money is
close to free!

* CO2 EGS (with direct turbine) operates at a much higher net
cycle efficiency, resulting in a smaller reservoir (lower cost),
but requires greater massflow (larger drill diameters, or
closer spacing, fancy completions, and a corrosion
program)

— CO2EGS s only practical in areas with locally available low cost

CO2, or with CO2 generated on site (hybrid system) T until the
CO2 rules change

* We are studying a wide range of other locations
(CA, TX, ID) and electricity costs

— We will complete and publish this year

Gas Equipment Engineering Corporation SMU Briefing
DOE Energy Efficiency and Renewable Energy: Geothermal Technologies Program 15 June 2011, Page 21



= Acknowledgement |

 This briefing material has been assembled from a number of
sources generated by the team

— We have an amazing teamé

« We would also like to thank the DOE Geothermal Technology
Program, in particular Ms. Arlene Anderson, for her support

- _l'-‘-";“n “=&AA§|§-§N»:KS -~

ompany

nirE Impact Fort
Technologies | Point
LLC Associates

Gas Equipment Engineering Corporation SMU Briefing
DOE Energy Efficiency and Renewable Energy: Geothermal Technologies Program 15 June 2011, Page 22



http://www.tas.com/index.html
http://www.clfventures.org/index.html

ENT O N
- N I Ni\

BACKUP

Gas Equipment Engineering Corporation SMU Briefing
DOE Energy Efficiency and Renewable Energy: Geothermal Technologies Program 15 June 2011, Page 23



Reservoir Size Implicationsé

The Size of the Reservoir, and Parameters, Such as

VT W‘ Porosity and Access, Significantly Drive Cost
i Example Shown Below for $240/ton Trucked In CO2
(Unaffordable!!)
The mass of CO2
Notional CO2 Cost Barrier required to charge a
given reservoir is a
_ 25 (average at
Normalized temperature and
Reservoir depth), volume, and
Volumetric ‘ 1 el Ly
oy | M= o st
er MWe, e.
(MWe / | P <
KM?3) : — 0.1% Access /
= B
-4 -3 -2
10 : 10 10 — $264M @ $240/ton
Reservoir

Rock Access & Porosity Product

function of the density

The fidoto is at ~$5.3M

50 MW, 1.3 km~3

Porosity Product,

5% is accessible
2% porosity

— 50 Ibm/ft"3 density
— ~1.1 Mega Tons CO2
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e SOPO 1.0 Water >
w wme4 Bottom Depth 21,000 ft >

« 70 MW Case (50 MW Net); 2703 MMBTU/hr heat removal rate
— 25 Production Wells and 16 Injector Wells T 0.5 mile spacing
« 160 Ibm/sec production well; small bores OK; dual completion
o 250 Ibm/sec injection well; big bores required
— 3.2km~3reservoir volume

« 50 MW Case (Diesel driven pumps)
— Proportionally lower heat removal rate and well count (5/7th)
— 20 Production Wells and 12 Injector Wells T 0.5 mile spacing
— Same casing sizes, nominally the same per well flow rates

o Other than dual completion on production wells, this is conventional
construction

— Production pumps set in 160 diameter @ nominally 3,000 ft
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i SOPO 2.0 (CO2: Purchased, A
v wme4 Existing Technology (SS)) >

« 50 MW requires 799 MMBTU/hr heat removal rate (@ 30kft)
« 12 Production Wells and 6 Injector Wells T 0.45 mile spacing
— System flow rate is down to 2700 Ibm / sec (H20 was 4000 Ibm/sec)
» 450 Ibm/sec per injector well
o 225Ibm/sec per production well
— Big Bore Injector Wells to 30,000 ft T no exotic materials needed

« Manageable pressure drop ~150 psig
(nothing compared to siphon)
— Small Bore Production Wells, Dual Completion, in STAINLESS!!

« Manageable pressure drop ~700 psig
(still ok compared to siphon)

 Reservoir Size 0.94 km”3 (vs. 3.2 km”3 for SOPO 1.0)

o At 44 Ibm/ft*3 bottom (hot) density, this is 730,000 tons of CO2
— 5% of reservoir is accessible to CO2 flow
— 2% porosity in this area
— $175M delivered (initially!!) T then that much again over time

Gas Equipment Engineering Corporation SMU Briefing
DOE Energy Efficiency and Renewable Energy: Geothermal Technologies Program 15 June 2011, Page 26






