
SwRI GEMS Workshop
sc-CO2 as Working Fluid

11/19/2024

Prof. Mayank Tyagi

Louisiana State University

mtyagi@lsu.edu



Opportunities to 
collaborate with 
Academia

ÅWell Control

Å Testing Surface/Downhole Equipment.

Å Training/Workshops

Χ



CO2 Phase Diagram and Power Cycles - Overview







Frictional Pressure Loss as a function of flowrate and pipe diameter 

/ŀǎŜ !Υ L5 Ϥ мнέΣ нv

/ŀǎŜ .Υ L5 Ϥ рΦрέΣ v

Ў

Ў
Ὢ ὠ

ὗ

ὃ

τὗ

“Ὀ Ḉ
Ўὴ

Ўὒ
Ὢ
”ὠ

ςὈ
ͯ
ὗ

Ὀ

CƻǊ ǎŀƳŜ wŜȅƴƻƭŘǎΩ ƴǳƳōŜǊ όIŀƭǾƛƴƎ ǘƘŜ ŦƭƻǿǊŀǘŜ ƛƴ ƘŀƭŦ ƻŦ 
the pipe diameter flow path), we can assume friction factor 
to be 0.03 for fully turbulent case.

Case A pressure loss ~ 1/8 (Case B pressure loss)

If we choose to flow the double flowrate in one pipe for 
Case B

Case A pressure loss ~ 1/32 (Case B pressure loss)

Therefore, it supports our design for flowing through large 
diameter pipe in the production well.









A single wellbore geothermal energy 
conversion system using downhole heat 
exchanger with zero mass withdrawal 
concept 
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Motivation



Risks:

Chemical/Thermal 

Breakthrough

Cooling

Injectivity 

Scales/Solids

Micro -seismicity

Surface deformation 

(Subsidence/Lifting)



Background



DOE-GTP Project
Supported 4 PhDs and 1 MS. Project built upon the initial research ideas presented in 1 MS ( Plaxina ) and 

1 PhD (Feng).



Geothermics 53 (2015)

Geothermal Energy 5:13 (2017)

Scope of this talk



De-risking Geothermal Energy Extraction 

and Conversion

Ô Single Directional Wellbore ( => Cost)

Ô Zero Mass Withdrawal (ZMW) ( => Surface handling and reinjection cost)

Ô Long Downhole Heat Exchanger ( => Improved efficiency)

Ô Reduced risks for microseismicity , subsidence, or lifting ( => Lower maintenance 

cost)

Ô Maintain wellbore integrity ( => Closer to reservoir TE during operational life)

Ô Potential for within wellbore energy conversion ( => Critical Infrastructure)

Ô Potential to combine with òOTHERó metrics ( => Economics and Sustainability)



ZMW Concept



Results



Field Case Study



Design - Subsystems



Heat 

Rejection 

Subsystem

Power 

Generation 

Subsystem

Heat 

Extraction 

Subsystem

Operational principle - Zero Mass Withdrawal (ZMW)

The schematic was designed for the reference reservoir conditions



Working Fluids Selection

Turbine power production with 
different working fluids


