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Presenter
Presentation Notes
Thank you, Robert for the  kind introduction.  I want to talk to you about the Challenges for the Drilling Industry to Unlock the Enormous Potential of Geothermal Power.

But I should first admit that when Robert asked if I would speak to the IADC today, I was originally pretty reluctant knowing that some of you will think I’m absolutely crazy.  
 
Yes, I’m convinced that the drilling industry has the ability to address the challenges facing the geothermal power industry and, someday, will solve those challenges, and 
Yes, I’d discussed GreenFire and our technology with Robert and a big group of his drilling expert colleagues at BH and it had been fun and we left with a lot of good ideas.  
But I ONLY HAVE THE  QUESTIONS --- YOU have the answers. 
But Robert assured me that was just fine – so here am today with the expectation that in the next half our the wisdom assembled in this room will solve all the challendges!


®

GreenFire Energy Overview

= A “demonstration stage” company

= New generation of geothermal power that uses little or no water and
opens up vast, untapped geothermal resources using a closed-loop
system to circulate refrigerant fluids: ECO2G™

= Retrofit ECO2G — current business opportunity
= Make failed or marginal hydrothermal wells productive ~ 1-3 MW

= Demonstration project at Coso, California in progress with support
from California Energy Commission, Shell GameChanger, a utility
consortium under the Electric Power Research Institute, Blade
Energy and other suppliers

® Full Scale ECO2G — longer term opportunity — today’s topic
" Hotter and deeper (3-7 km) into hot dry rock

= BHTs of up to 550°C

= Very large, profitable projects that each require drilling 100’s of
deep wells
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()
Goal: Solve the drilling challenges of Full Scale
ECO2G today, ...but how?

®

1. Understand the huge potential of full scale
ECO2G

2. Understand the specific challenges we’ve
identified

3. Some of the potential solutions that have been
offered up

4. Discussion of solutions
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Goal ……

How?   Abiding by the 3 points rule of every presentation but adding a 4th.
1
2
3
4.  YOU solve the challenges in the last 10 minutes. 


Full Scale ECO2G Potential:
Huge geothermal resource is under-utilized; conventional
technology is limited to permeable rock and requires water
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Title: 

Bar graph on the left:  only a very, very small percentage of the available resource in the US is utilized. 

Why?

Hydrothermal picture on the right shows the problem – collecting hot water from the resource, having it pass through permeable hot rock and getting it into a power plant.

But,  
From the pie chart, only 2% of the geothermal resource is permeable and even less than that has the water necessary. 

Hence, a HUGE ANOMALLY and QUESTION:  How to use this incredible resource. 

 


Full Scale ECO2G: Reaching Hotter and Deeper

ECO2G System
Tubine_Generator . ECO2G Attributes:

s
¥

® Closed Loop

Only heat is extracted

® Refrigerants (sCO, others)

Excellent thermodynamic
properties with thermosiphon

® No process water required

Production Well: $CO2 Flows

Hot, Pressurized SC02 Through Closed ® Deep and Hot
Loop Brittle or Plastic Zone
Hot: 350°- 550°C
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Answer:  Full Scale ECO2G – Reaching hotter and deeper into the resource

Schematic/conceptual diagram

ECO2G Attributes



ECO2G:

superior environmental attributes

ECO2G’s closed-loop advantages
over hydrothermal

Air & Water Quality

Zero emissions

it
~» |jttle or no water consumption

/| = No contact with subsurface water

* No waste streams

Minimal visual impact
* No noise pollution

» No risk of induced seismicity
* No hazardous chemicals
* No risk of fire or explosion

 Wildlife Preservation
|« Not a hazard to birds,
animals or fish

* Does not block or
restrict migration routes
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Lucrative Pacific Rim Project Analysis with
Existing Drilling Technology ( )

ASSUMPTIONS: FINANCIAL RESULTS:

® 200 and 800 MWe Projects
(over 200 and 800 wells)
® Imperial Valley site characteristics Levelized Cost
= Anchor point @ 350 C & 2600 m
Bottom hole @ 550 C & 4250 m
Hockey Stick - Well length = 7400 m

l 200MWe l 800MWe

of Energy $60/MWh $59/MWh

= Straw well configuration with VIT Investment $1.48B $5.5B

= Gross power = 940 kW per well

= Casing OD 9-5/8” Payback

= 90% capacity factor period 4 years 4 years
® Pacific Rim

= $125/MWh PPA

= O&M = $4.5/MWh Ne\t/:lrue:ent $0.68 B $2.8B
® Financial Assumptions

= Debt Equity Ratio = 70%:30%

= Debt Cost =4.5% 39% 42%

= 25 Year Project Life


Presenter
Presentation Notes
Full Scale ECO2G can be HIGHLY profitable in big projects per the table at the right:  Paybacks, NPVs and IRR’s can be pretty eyepopping.

This modeling assumes only EXISTING technology.   A big thank you to the Baker Hughes folk in the room who helped vet the well cost model that underpins all these economics. 

Note the red highlights:

LOTs and LOTS of wells to keep drillers very, very busy. 
Challenging at 550C –  but driller eyes really start rolling at higher BHTs, so we stop modeling at higher temps (although the numbers a higher temps are much more attractive in a non-linear way)
Straw means using VIT expensive so targeting for elimination.
Price differential between PacRim wholesales prices and the LCOEs



ECO2G: Well Configurations

- Need for secure completion to replace expensive vacuum insulated tubing (VIT), or
= An insulated tubing cheaper than VIT

®
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Configurations:  Key Point:  the V-loop makes the same amount of power as 2 straws or hockey sticks joined at the bottom but without the cost of 2 VITs!

Eliminating the VIT is a goal – saving us a $1MM per well! 

Or a less expensive but durable  insulated tubing works well also, but lets discuss its elimination… 


Challenges for secure completions

“Completing V and U shape wells at 3-7 km depths and temperatures up to 550°C
= Range finding at high temperatures — chilled circulating mud enough?

= Well joining/completion at depth with high temperature and pressure with TAML tight
(Technology Advancement of MultiLaterals #’s 4, 5 or 6?)

= Hydraulic flushing to create an open hole completion, maintain flow, and seal to avoid
impurities creating corrosion inside the pipe

= Open hole completions that create a sealed fracture zone to join two boreholes (Lawrence
Livermore National Lab research project)

= Energetic stimulation of completion zone feasible
= Establishing and maintaining sufficient permeability and flow over time at high temperature

Side view Top view
Max compressive stress

Simultaneous explosion in two bores in hot granite
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Directional drilling at high temps @

Drilling multiple “straw” or “hockey stick” wells while maintaining
minimum of 100 meter spacing between wells at depth

@ ECO2G™ Digfilg for 120MW Project
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We commissioned a well density study with Dr. Don Fox, PhD out of Cornell, to determine how dense the wells can be without thermally interfering with one another :  answer was 80 meters to we’ve done with map, using the straw well configuration well bottoms at 100M apart showing that we can make very low profile 120MW project  in less than 1km square!   Very limited footprint for utility scale renewable energy technology. 

But, can you do it at these temps?  


Drilling Campaign Costs - Further Reductions Anticipated

= Surface equipment is low proportion of ECO2G total cost

= Leverage economies of scale (e.g. rigs on tracks)

Better insulating cement near the surface and conducting cement at depth

350°C limit on cement jobs forcing other techniques in bottom hole?

ROP is by far the biggest single factor
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Advanced drilling technologies may
cut costs and improve accuracy
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Questions & Answers

Solutions

Thank you!

GreenFire Energy

Clean. Affordable. Global. Always on.

Joseph Scherer

4300 Horton Street, Unit 15

Emeryville, CA 94608

Office: (888) 320-2721
www.joseph.scherer@greenfireenergy.com
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Potential for ECO2G Retrofits: California Example

GreenFire Energy Technology for
Geothermal Well Retrofits

Heat Exchanger =

Turbine

Brine reinjected

.I II
Co-axial Vacuum |I Upper well casing
Insulated Tube (VIT)
I Steam and brine
Working fluid | flow upward

rises through VIT l

Working fluid heats as it
‘ descends VIT annulus

Lower well casing

Additional heat
exchange features

California wells drilled from 1980

Wells Active Idle Abandoned
1698 829 115 754

Source CA DOGGR database

Types of Wells to Consider

Decreased hydrothermal flow

Insufficient hydrothermal flow from inception

High brine acidity that limits hydrothermal use
Injection wells with high temperature or flow

Flash wells releasing toxic or greenhouse gases.
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