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Key Accomplishments and Milestones

Milestone Progress Met or 
Unmet

Explanation if 
Unmet

Q1 
FY15

Provide detailed project
management plan with 
refined scope per DOE 
discussions

Submitted Met

Q2 
FY15 

Complete detailed site-
specific geothermal 
resource report

3/31/2015 Unmet Work yet to 
begin

Q3
FY15

Revised site-specific process 
simulation complete with 
site conditions

6/30/2015 Unmet Work has just
started

Q4
FY15

Completion of final techno-
economic analysis of 
candidate site

9/30/2015 Unmet Work yet to 
begin

Presenter
Presentation Notes
Labs should only fill out the relevant quarters.  Please feel free to expand this to 2 slides if necessary.
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Key Accomplishments and Milestones Cont.

• Final report delivered covering FY14 study findings and key results

– Site-specific cost parameters for production and injection well requirements at 
North Valmy plant

– Net electric power and levelized cost of electricity (LCOE) estimates for each model 
case

– Variable and fixed costs estimated for each case

– Capital cost estimates for each model case

• Manuscript of report findings is currently being drafted

Presenter
Presentation Notes
Labs should only fill out the relevant quarters.  Please feel free to expand this to 2 slides if necessary.



4

Expectations for Next Quarter

• Schedule on site visit to North Valmy (Nevada) for on site analysis and discussions 
with Geothermal site operator and coal plant operator

• Perform a site-specific lithography and resource analysis of a candidate site
– Get site data from EIA database and prepare questions for contact site operator
– Contact site operator to get specific information on steam cycle configuration, 

flows
– Investigate regional lithography to get a more specific cost analysis of well drilling 

and stimulation

• Work with plant operator for alternative hybridization strategies of low-grade 
geothermal integration in conventional coal plant with and without CCS:

• Reduce the main air compressor horsepower by cooling the inlet air or the 
booster air compressor by integration with the heat exchange network. 

• Reduction of cooling water temperature for increased vacuum in the 
condenser

• Using geothermal steam in the coal-plant’s low-pressure steam turbine
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Spending as of Q1 FY15

Total FY14 Budget Authority Unsent Money at Lab

Project 
ID

FY14 New 
Budget
Authority

FY13 Carryover 
NOT Including 
Forward Funding

Forward 
Funding 
Portion of 
FY13 

Money 
Received by 
Lab in FY15 
AOP

Total 
Money 
Spent in 
FY15

Unspent 
Uncommitted

Unspent 
Committed

DOE Data 1.1.0.10 $0 - N/A $0 - - -

Lab Data 1.1.0.10 $0 N/A $0 $27,864 $115,448 $1,031 $0

• Carryover of $88,615 to begin FY15
• Describe any inconsistencies: received $27,864 for FY15 out of 

the $200,000 requested for FY15
• Project is on a stop-work until $172k of remaining funding arrives
• Cumulative project cost (FY14-15) as of this quarter: $326,833

Presenter
Presentation Notes
FY14 New Budget Authority- negotiated total new funding from the FY14 budget (not including FY13 carryover or forward funding)FY13 Carryover- money at the lab as of 10/1/2013 (including carryover, transferred funds, liens), does not include forward fundingForward Funding Portion of FY13 - FY13 funds for FY14 work Money Received in FY14 AOP- money received in FY14 for FY14 work (will be a portion of FY14 funding level)Total Money Spent in FY14- as of the end of the reporting quarterUnspent Uncommitted- Unobligated funds at the lab that are not committed for identified purposes Unspent Committed- Unobligated funds at the lab that are committed for identified purposes 
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Burn Rate by Month
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Presentation Notes
The labs should complete this graph.  Please right click on the graph and select “Edit Data” to update the graph.
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Data Submissions

Data Element Data Type Date Collected
(projected or actual)

Date Submitted 
(projected or actual)

Task 1:
Site-specific geothermal
resource and industrial site 
mapping

DOC file and 
independent Jpeg 
images

Projected for March 31, 
2015

Projected March 31, 2015

Task 2:
Coal Power plant with 
geothermal plant model

PPT file Projected for June 30, 
2015

Projected June 30, 2015

Task 3:
Technoeconomic analysis

DOC and PPT files Projected September 30, 
2015

Projected September 30, 
2015

Task 4:
Project management DOC and PPT files

Quarterly and Annual 
Reporting

Quarterly and Annual 
Reporting

Presenter
Presentation Notes
Each data plan is broken up by task, and each task has one or more data types (e.g. .xls).Data should be submitted within 90 days of collection/generation.
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Study Directions

CCS solvent system reboiler: 
This is a CCS-only modeling case

The NETL Case 10 Econamine reboiler operating at about 116°C requires about half of the 
power plant steam for operation 

- CCS solvent reboiler (MEA) with 121-150 ˚C water
- CCS solvent reboiler (MEA) with 121-150 ˚C water, followed by boiler water preheating
- Boiler water preheating only with 43-121 ˚C water.
- Energetics modeled as a function of Temp reboiler.
- CCS solvent reboiler (MEA, K2CO3, CO2BOL) with XC water, followed by boiler water 

preheating
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Aspen Economic Analyzer Estimate of Geothermal Heat Exchangers

9

Total Ammonia Exchangers 2,149,692$             

Aspen EDR Cost (all shells) 547,734$                               1,102,536$                            499,422$                
Area ft 2̂ 32,230                                   63,984                                   24,393                   

Condenser Evaporator BFW heater

Ammonia Exchangers

Total iC4 Exchangers 10,304,992$                          

2,828,376$                             4,734,672$                            583,064$                2,158,880$                            
175,825                                 325,335                                19,103                   103,575                                

Condenser Evaporator BFW heater Recuperator

Isobutane Exchangers

Total Propane Exchangers 33,919,988$           

1,276,528$                            30,872,820$                           1,283,508$                            487,132$                
69,377                                   2,197,479                              40,488                                  32,560                   

Condenser Evaporator Recuperator BFWHeater

Propane Exchangers

Case 9 BFW Heating Only

7,560,624$                            
304,333                                 

BFW Heater

Analysis suggests ammonia has the lowest heat exchanger sizing
But not used due to lowest power output of ORC candidates
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Aspen Economic Analyzer Estimate of Case 9, and ORC Infrastructure

• Cost comparisons of the Case 9 boiler feed water heating capital
– 1 mile 18” piping
– Supply/return pumps
– Cooling tower
– Heat exchangers (tube and shell)

• Cost analysis of ORC system running iso-butane working fluid
– 1 mile 18” piping
– Supply/return pumps
– Cooling tower
– Heat exchangers (tube and shell)

PNNL Case 9 PNNL Case 9 PNNL Case 9 PNNL Case 9
Geothermal Geothermal Geothermal Geothermal 

BFW Heating ORC - Ammonia ORC - Propane ORC - i-Butane
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Aspen Economic Analyzer Estimate of Case 10 – CCS reboiler  & BFW Heating

• Partial MEA Reboiler & BFW Heating with ~ 2.7 M lb/hr geothermal fluid
• Total MEA Reboiler & BFW Heating with 37 M lb/hr geothermal fluid
• Advanced CCS Reboiler (~80%) & BFW Heating with 10 M lb/hr geothermal fluid
• Cost comparisons of the Case 10 boiler feed water heating capital

– 1 mile 18” piping
– Supply/return pumps
– Cooling tower (incremental)
– Heat exchangers (tube and shell – stainless steel SS304 construction)

PNNL Case 10 PNNL Case 10 PNNL Case 10
MEA Reboiler Max Reboiler 10MMlb/hr GT

Duty & BFW Htg Duty & BFW Htg Advanced CCS

Capital Increment Components
Geothermal Pipeline 1 mile Sply/Ret
Geothermal return pumps
Cooling Tower addition
Heat exchangers 
APE Total erected cost
Contingency (process and project) 0.12
Project indirect factor 0.6
Project Capital Increment

7,200,000 19,200,000 10,800,000 
1,821,233 21,810,983 4,463,949 
2,903,900 11,487,500 9,780,700 
12,154,030 10,669,729 4,955,370 
24,079,163 63,168,212 30,000,019 
2,889,500 7,580,185 3,600,002.28 
14,447,498 37,900,927 18,000,011 
41,416,161 108,649,325 51,600,033 
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A note on Case 10 Results

• Looking at the Case 10 studies…
– The pipeline, return pumps, and incremental cooling tower addition 

cost are primarily a function of the geothermal water flow
– The heat exchanger costs are primarily a function of the temperature 

difference in the specific heat exchanger and thus do not necessarily 
follow the trend of higher cost with higher flow.
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Detailed Analysis of the North Valmy Site

• North Valmy power  plant is that it’s located only 1.5 to 2 miles south-southwest 
of the “Hot Pot” thermal anomaly, which is an area currently leased for geothermal
development by Oski Energy, LLC.

• If private development is already taking place just over the  property line then 
there is likely a good resource.

Lane, M, R Schweickert, and T DeRocher. 2012. PROCEEDINGS, Thirty-Seventh Workshop on Geothermal Reservoir 
Engineering Stanford University, Stanford, California, January 30 - February 1, 2012 SGP-TR-194. 

Location of Oski Energy, LLC geothermal 
leases, the Hot Pot seismic program survey 
lines, and interpreted structures
(Lane et a., 2012). 

Potential Quaternary fault scarp along 
the northwest flank of Treaty Hill.Location Map
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Site-specific cost parameters and resulting cost estimates for 
production and injection well requirements at North Valmy

• Drilling depths to reach a sufficient fluid temperature of 150°C with conservative 
gradient of 4°F/100’ (70°C/km) to 5°F/100’ (90°C/km) 

• Drilling depths of approximately 5000 feet (Case 1) and 6600 feet (Case 2). 

• Butler et al.10 reported that at the similar Beowawe site, produces from the same
heavily fractured reservoir of interest for this project, 

• 1.8 million lb/h, a per-well average of 600,000 lb/h. 
• Assuming that this average rate could be replicated at the North Valmy site, 

process water needs 
• 2.5 MMlb/h could be met using 4 or 5 production wells 

• Shevenell’s,11 review of efforts to estimate well drilling costs for geothermal projects in
Nevada can be used to assume 5 required production wells,would require 3
injection wells.

• Site-specific, conservative approach is consistent with the 2:1 ratio at Beowawe. 

• Cost estimates for projection and injection wells done based on work by Shevenell,11

Klein et al,12 Bradys13 and Augustine et al.14
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• Average per-well costs for production wells is between $1.2M and $1.6M each, 
cost variance resulting from increased depth to reach 150 ˚C water in Case 2 
(70 °C/km) relative to Case 1 (90 °C/km)

• Injection wells appear to cost about 5% more than production wells at Beowawe
5% adder was included in injection well cost estimates 

• Total well costs for this project fall between $10M and $13M
• Note that these estimates are based on averages and statistical relationships. 
• Estimates are a function of depth alone assuming average well diameters,
• Assume typical drilling conditions and standard well completions

Site-specific cost parameters and resulting cost estimates for 
production and injection well requirements at North Valmy
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Site-specific cost parameters and resulting cost estimates for 
production and injection well requirements at North Valmy

Case 1 Case 2
Avg Temp Gradient, oC/km 90                      70                      
Desired Temp, oC 150                   150                   
Projected Drill Depth, ft 4,922                6,562                
Per-Well Flow Rate, lb/h 600,000           600,000           
Required Flow Rate, lb/h 2,500,000       2,500,000       
Required Wells, Production 5                        5                        
Required Wells, Injection 3                        3                        
Production Well Costs, each 1,274,394$     1,618,930$     
     Production Well Costs, total 6,371,969$     8,094,651$     
Injection Well Costs, each 1,338,114$     1,699,877$     
     Injection Well Costs, total 4,014,341$     5,099,630$     
TOTAL WELL COSTS 10,386,310$   13,194,281$   

Depth to recover 150 ˚C water
Case 1 = 5,000 ft
Case 2= 6,600 ft
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Energy and Cost Analysis of Hybrid Plant

• Energy and cost of electricity projection was performed for eight cases modeled in 
Aspen.   
– Case 9 and Case 10
– Case 10 with CO2BOLs advanced solvent used in place of MEA.  
– The five other cases give various hybrids of geothermal water integration.  

• Hybrid plants are operated in a system virtually identical to either Case 9 
or 10 albeit with geothermal infrastructure auxiliary draws and capital 
costs and resource extraction costs. 

• Advanced solvents such as CO2BOLs are more amenable to lower grade 
geothermal resources.  
– 10,000,000 lbs/hr of geothermal water (at 150°C) could potentially offset 90% 

of the CO2BOLs regeneration duty, producing an estimated 40 MWe more 
power than CO2BOLs alone, and 121 MWe more power than Case 10. 
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Fuel Cost Estimates for Each Model Case 

Assumptions: 1) From Aspen Plus Simulation, 2) Calculated from Table Values, 3) From 
Aspen Economic Analyzer, 4) Average well cost estimates, 5) Same as Case 9 or Case 10, 6) 
Assumes 23% of TPC, 7) MEA from Case 10, CO2BOLs from PNNL report, 8) Same as Case 
9 or Case 10 normalized to new net power.
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Capital Cost Estimates for Each Model Case 

Assumptions: 1) From Aspen Plus Simulation, 2) Calculated from Table Values, 3) From 
Aspen Economic Analyzer, 4) Average well cost estimates, 5) Same as Case 9 or Case 10, 6) 
Assumes 23% of TPC, 7) MEA from Case 10, CO2BOLs from PNNL report, 8) Same as Case 
9 or Case 10 normalized to new net power.
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Variable and Fixed Operating Costs Estimates for Each Case

Assumptions: 1) From Aspen Plus Simulation, 2) Calculated from Table Values, 3) From 
Aspen Economic Analyzer, 4) Average well cost estimates, 5) Same as Case 9 or Case 10, 6) 
Assumes 23% of TPC, 7) MEA from Case 10, CO2BOLs from PNNL report, 8) Same as Case 
9 or Case 10 normalized to new net power.
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Levelized Cost of Electricity Estimates for Each Model Case 
And Summary of Costs 
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Levelized Cost of Electricity Estimates for Each Model Case 

• Levelized cost of electricity (LCOE) values for each of the modeled cases is based fuel, 
capital variable, fixed and TSM costs

• Using 150°C geothermal water for boiler feed water preheating appears to offer a 
higher net electric power, at a comparable LCOE, compared to a stand-alone Case 9 
sub-critical power plant option

• Passing the resource through an ORC prior to using it for boiler feed water preheating is 
estimated to produce less overall net power than using it for boiler feed water 
preheating alone

• For CCS integration, massive amounts of geothermal water are required to fully offset 
the MEA (CO2 capture solvent) regeneration energy need are not considered feasible 
amounts of geothermal resource for a single site

• A geothermal resource of (2,695,600 lb/hr) is estimated to offset ~7% of a MEA reboiler 
duty in NETL’s Case 10, resulting in ~1% of recovered net electric power lost to the 
overall CCS parasitic load, but at a similar (high) LCOE to CCS alone.

• Advanced solvents (e.g. CO2BOLs) more feasible, with ~0.75cents per kWe-hr projected 
LCOE savings and ~2 points of net electric power increase versus CO2BOLs alone. 

• Model case result could significantly change with higher (or lower) geothermal water 
temperatures. 

• Economic sensitivities to geothermal temperature may be 
worth exploring in subsequent efforts.
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