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Program
Organization

Information exchange

Computation Exchange

CaseData (2)

ANALYSIS SUMMARY 
Recapitulates input data and results

INPUT AND PRE-PROCESSING 
User enters data on resource and surface (heat-sink) 
conditions, wellfield configuration, fluid flowrates, 
generation system capacity and cost, financial data 

for a commercial project.

CALCULATIONS
Model computes geothermal production flowrates

per wellfield configuration, energy recovery, energy 
conversion efficiency and power generation, pipe sizing 
and costing for wellfield gathering system, installation

economics, financial breakout of annual discount 
multipliers, and levelized cost of energy (LCOE).

Flowsheet
(pending)

Illustrative flowsheet of 
coproduction installation, 
power generation system, 

wellfield layout configurations.

PipeNotes

Summary notes specific to PipeCalc 1

Describes bases, component costs, 
and calculation of installed costs for 

1-  through 10-inch range of pipe 
sizes, and layout of 5-spot pattern as 
a base-case production unit pattern.

PlotData

(optional, as needed by user)

A collection of workbook templates for installing 
run data as fixed values to populate graphs of 
results of user-defined cases.  The templates 

are to accumulate multiple "real-time" case data 
sets for examining trends of design, performance, 

and economic data in parametric comparisons.

Templates can be copied and 
revised for alternative case studies.

UserGuide

Overall description of the 
function and makeup of the 
coproduction model, with

general instructions on its use.

Work notes

Chronological development notes 
on content, approach to the 

subject, and logic of the model.

PipeCalc 2 (2)

Calculates gathering system pipe diameters, acreage correction 
factor, adjusted line cost per production well for the 5-spot basis.

Calculates installation specifics:   total combined 
acreages, total piping costs adjusted from 5-spot 

configuration basis to user-defined layout configuration.

Calculates net parasitic power losses for friction in collection 
headers, and production and injection pumping power loads.

PipeCalc 1

Provides reference costs for pipe 
components and their installation.

Calculates unit installed costs of piping 
per foot and per production well, based 

on a 5-spot pattern at spacing of 40 acres 
per production well;  calculates dimensions 
for a 5-spot layout.  These values are ratioed 
to a case-study configuration in PipeCalc 2.

PowerGen (2)

Calculates power generated, number of 
generation units installed, excess capacity, 

orphaned wells, ganging of wells per 
generation unit, unit cost of installed power 

for energy recovery capacity of wellfield.

User Case Definition

User defines a profile of conditions defining
one or more case studies for estimating 

performance, capital and operating costs,
and levelized cost of energy of a project for
electric power generation from geothermal 

water coproduced from oil or gas production wells.

Results are tabulated in the model, and user 
may transfer selected data to graphic template 
workbooks for plotting case-specific trends.

WaterProps 1 (2)

Tabulates water properties' data from 
several sources, and generates correlations 

for use in calcucations of case data, pipe 
flow, and power generation worksheet, at 

left.



Temperature
Effects

Power  Available  from  One  5-Spot  Production  Unit
4 production wells at 40-acre spacing,  1 central injection well

available power, net of generation and fluid pumping parasitic loads
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COS
200 KW Generation Units  --  Co-Production Cost of Power

Versus Flowrates at Variable Wellhead Temperatures
5-Spot Layout,  40  Wells (total) at 40-Acre Production Well Spacing

Wellhead temperatures at 190 and 250 oF
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Wellhead Temperature on Levelized Cost of Energy
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Trends
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All cases:  5-Spot production unit layout with 40 wells, total.  
 

Each set of 3 curves is for 60, 40, and 10-acre spacing of production wells, top to bottom. 

Figure 3  − Cost of Energy versus Production Well Flowrate

at Wellhead Temperatures of 190°F,  220°F,  and 250°F

All cases use generation unit capacities of 200 kW



Wellfield 
Configuration

Energy Cost as Function of Wellfield Configurations
Single 200 KW Generator Unit,  190 oF Production Temperature
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Energy Cost as Function of Wellfield Configurations
Single 100 KW Generator Unit,  190 oF Production Temperature
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Figure 4

Cost of Energy as a 
Function of Flowrate for All 

Wellfield Configurations

Curves are arranged from left to 

right as 9-spot, 7-spot, 5-spot, 

triangular, triplet, singlet, and 

doublet well configurations.  In the 

bottom panel, the 9-spot and 7-

spot curves are virtually 

coincident.  PTC is excluded.



Wellfield 
Configuration

Energy Cost as Function of Wellfield Configurations
Single 200 KW Generator Unit,  220 oF Production Temperature
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Figure 2

Effects of Wellfield Configuration

Curves are arranged from left to right as 9-spot, 7-spot, 5-spot, 
triangular, triplet, singlet, and doublet well configurations.  



Co-Production Cost of Power Versus Wellfield Layout Pattern
40  Wells (total),  flowrate 40 GPM per production well,  PTC included
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Figure 9
Comparison of Configuration and Generation Capacity Effects

Co-Production   --  Cost of Power and Net Available Power
Versus Production Well Count and Total Flow of Produced Water

40 wells (total),  PTC applied
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Input
Variables

Resource and Wellfield Data 
INPUT 

1 1 Production temperature 

INPUT 
2 2 Well layout pattern  --  for a single or repeated "PRODUCTION UNIT" 

INPUT 
3  Production well spacing 

INPUT 
4  Production well pump  --  wellhead horsepower 

INPUT 
5  Row count,  wellfield array 

INPUT 
6  Column count,  wellfield array 

INPUT 
7  Include or omit gathering system piping costs ?? 

INPUT 
8 3b Total Well Count  --  production + injection 

 



Input
Variables

Flow 
Data    

INPUT 9A 4 Flow per well production well  --  as gallons per minute 

INPUT 9B                   as barrels per day 

     
Surface 
Data  

 

INPUT 10 5 Ambient temperature 
      

GenSystem 
Data  

INPUT 11 10 GeoFluid approach to ambient temperature 

INPUT 12 12 Power generation unit cost 
INPUT 13  Nominal unit capacity per generation package 

INPUT 14  Installation multiplier  --  bare equipment cost markup for site prep, 
structure, transformer, I&C, etc. 

INPUT 15  Generation Unit Count  --  limit or float ? 

 



Input
Variables

Financial Data  
 15 Cost and Performance Factors 

INPUT 16  Unit cost fixed  --  conversion system 
INPUT 17  Unit cost fixed  --  piping 
INPUT 18  Fixed O&M ($/kW-yr) 
INPUT 19  Fixed Distribution cost   ($ / kW-yr) 
INPUT 20  Variable O&M  ($ / kWh) 
INPUT 21  Variable Transmission  ($ / kWh) 

   
INPUT 22  Grid Connection Capital Cost (GCC,  2007 $/MW-mile) 
INPUT 23  Distance to Nearest Grid Connection (miles) 
INPUT 24  Annual Plant Capacity Factor 
INPUT 25  Production tax credit  (PTC) 

   
INPUT 26  PTC   term 

  Inflation  --  general escalation rate 
INPUT 27  Fixed charge rate 
INPUT 28  Weighted avg. cost of capital  (WACC) 

  Debt discount rate  (imbedded in WACC) 

  Equity discount rate  (imbedded in WACC) 

  Debt fraction  (imbedded in WACC) 

INPUT 29  Tax rate 

  Capital Recover Factor (CRF) 
INPUT 30  Book life of system   (per tax rules) 
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“Open Architecture”

parametric “spread”
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Conclusions

Model covers a profile of project variables:  

physical (process engineering), 

configurational, 

E&C, 

operational

Application  -- a broad regime of economically 
competitive field conditions for coproduction power: 

for the sake of field operations, per se, or 

for net-back metering.
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BACKUPS

ALTERNATE AMBIENT TEMPERATURE

POWER VERSUS RESOURCE TEMPERATURE



Temperature
Effects

Power  Available  from  One  5-Spot  Production  Unit
4 production wells at 40-acre spacing,  1 central injection well

available power, net of generation and fluid pumping parasitic loads
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Figure 5  --  Net Available Power 
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