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Opportunities to 
collaborate with 
Academia

• Well Control

• Testing Surface/Downhole Equipment.

• Training/Workshops

…



CO2 Phase Diagram and Power Cycles - Overview







Frictional Pressure Loss as a function of flowrate and pipe diameter 

Case A: ID ~ 12”, 2Q

Case B: ID ~ 5.5”, Q
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For same Reynolds’ number (Halving the flowrate in half of 
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.
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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

 Single Directional Wellbore ( => Cost)

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

 Long Downhole Heat Exchanger ( => Improved efficiency)

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

cost)

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

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

 Potential to combine with “OTHER” 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



Power extraction subsystem



4000, 46.475000, 60.957000, 93.79

0

200

400

600

800

1000

1200

1400

0 2,000 4,000 6,000

L
C

O
E

, 
$

/M
W

h

Measured depth, m

4000, 10.82
5000, 14.19 7000, 21.84

3,000.00, 33.27 4,000.00, 47.59

0

100

200

300

400

0 2,000 4,000 6,000

L
C

O
E

, 
$

/M
W

h

Measured depth, m

4 lateral well 0% no drilling cost

4 lateral well 4%

single lateral well 10%

Reservoir temperature 126C

Reservoir temperature 220C

LCOE



References

❖ Akhmadullin, I., Design and Analysis of Low-Enthalpy Geothermal Wellbore Energy Conversion System

Working on Zero Mass Withdrawal Method, PhD Dissertation, LSU, (2016)

❖ Bejan A., Second-law analysis in heat transfer and thermal design. in:T.F. Irvine, J.P. Hartnett (Eds.), Advance

in Heat Transfer, vol. 15. Elsevier, NewYork, 1982, pp. 1e58.

❖ Bianchi M., De Pascale A., Bottoming cycles for electric energy generation: Parametric investigation of

available and innovative solutions for the exploitation of low and medium temperature heat sources, Applied

Energy, (2011)

❖ Bridger D.W and Allen D.A, Designing Aquifer Thermal Energy Storage Systems, ASHRAE Journal, Vol. 47,

No. 9, (2005)

❖ DiPippo R., Second Law assessment of binary plants generating power from low-temperature geothermal fluids,

Geothermics 33, (2004)

❖ El-Sayed A-A.H., Khalaf F., Ghzaly S.M., Casing Design Considerations for Horizontal Wells, SPE 21386, 

(1991)

❖ Feng Y., Numerical Study of Downhole Heat Exchanger Concept in Geothermal Energy Extraction From 

saturated and Fractured Reservoirs, PhD Dissertation, LSU, (2012)

❖ Gray T.A., Geothermal Resource Assessment of the Gueydan Salt Dome and the Adjacent South-East Gueydan

Field”, Vermilion Parish, Louisiana, Master Thesis, LSU, (2010)

❖ Moran M.J., Shapiro H.N, Fundamentals of Engineering Thermodynamics, 6-th edition, John Wiley and Sons,

Inc, (2008)



Q&A



Time scales for 

geological recharge 

mechanism of 

geothermal heat 

Time scales for 

geothermal heat 

extraction operations

Time scales for 

storage/depletion 

of heat in 

working/geofluids
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