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ABSTRACT  

Geothermal assessments and cost estimates were performed 
as part of California’s Renewable Energy Transmission 
Initiative (RETI) to help guide transmission planning. The 
RETI assessments identified approximately 5,300 gross 
megawatts (MW) of additional electrical-generation 
capacity that could be brought on line from geothermal sites 
within 10 years, including 2,440 gross MW within 
California. The RETI study area spanned 5 western states 
and parts of Canada and Mexico. Geothermal assessments 
were performed for 116 sites in California, Nevada, 
Oregon, and southern British Columbia. MW capacity 
estimates were made on a regional basis for Arizona, 
Washington, and the northern portion of the Mexican state 
of Baja California Norte (“Baja”). Capital costs and costs 
for Operations and Maintenance (O&M) were estimated 
primarily as a function of MW capacity. For most sites, 
estimated capital costs ranged from $3,000 to $5,500 per 
gross MW installed, and estimated O&M costs ranged from 
$22 to $35 per gross MWh (2008 dollars). These costs were 
converted to a net-MW basis in the RETI analysis for 
purposes of comparison with other renewable energy 
sources. The Levelized Cost of Energy (LCOE) for most 
geothermal sites ranged from $65 to $130 per net MWh. 

1. INTRODUCTION  

California has adopted one of the most aggressive 
Renewable Portfolio Standard (RPS) requirements in the 
United States. The state's Energy Action Plan sets a goal 
that 33% of the electricity consumed in the state should 
come from renewable sources by 2020. To help meet this 
goal, the RETI effort has sought to quantify potential 
sources of electrical generation from renewable sources in 
California and surrounding areas. Sites for several different 
types of renewable energy (including geothermal, wind, 
biomass, solar photovoltaic, and solar thermal) have been 
aggregated into Competitive Renewable Energy Zones 
(CREZs) as an aid to transmission planning. The RETI 
effort has entailed over a year of analysis and collaboration 
among stakeholder groups, including utilities, generators, 
regulatory agencies, public-interest groups, environmental 
advocates, and the general public, convened under the aegis 
of the California Public Utilities Commission (CPUC). The 
RETI study area has extended across state lines and 
international boundaries, from southern British Columbia in 
Canada to Baja California Norte (“Baja”) in Mexico, 
including the states of California, Nevada, Oregon, 
Washington, and Arizona. Black & Veatch has coordinated 
the technical analysis for all renewable resource types, and 
GeothermEx has acted as a sub-contractor to Black & 

Veatch for the geothermal portion of the work 
(identification of geothermal sites and estimation of MW 
capacities and development costs). 

Progress reports on the RETI effort have incorporated the 
geothermal assessments into a framework of economic and 
environmental analyses that allow ranking of the CREZs. A 
full discussion of the CREZ rankings is beyond the scope of 
this paper; interested readers are referred to RETI reports 
for Phases 1A and 1B (Black & Veatch, 2008 and 2009). 
The RETI effort is of potential interest to the geothermal 
community, both for the information presented about the 
study area, and as an example of a regional, multi-
stakeholder approach that may be applied elsewhere. The 
intent of the current paper is to highlight the methodology 
and conclusions of the geothermal portion of the analysis. 

2. ASSESSMENT 

2.1 Site Identification 

Geothermal resource sites were identified from a variety of 
sources in the public domain, including government 
assessments of geothermal potential, research papers and 
maps by universities and national labs (particularly the 
National Renewable Energy Lab, the Great Basin Center 
for Geothermal Studies, and Southern Methodist 
University), industry publications (particularly Geothermal 
Resource Council Transactions and reports of the 
Geothermal Energy Association), press releases, leasing 
records, and direct responses from geothermal developers to 
solicitations for information as part of the RETI effort. The 
focus was on specific tracts of land about which there was 
enough public information to make a quantitative estimate 
of MW potential over a development horizon of about 10 
years. 

The geothermal resource sites included existing geothermal 
plants with expansion potential, Known Geothermal 
Resource Areas (KGRAs) historically published by the 
United States Geological Survey (USGS), geothermal 
databases published by state regulators (such as the 
California Division of Oil, Gas and Geothermal Resources, 
and the Nevada Division of Minerals), geothermal leases 
published by the United States Bureau of Land 
Management (BLM), and geothermal areas with associated 
MW estimates for specific regions (including GeothermEx, 
2004; Western Governors’ Association, 2006; California 
Geothermal Energy Collaborative, 2006; Shevenell et al., 
2008; and Nevada RETAAC, 2008). Geothermal site 
locations (latitudes and longitudes) within the US portions 
of the RETI study area were checked with reference to a list 
of geothermal systems developed by the USGS in 
connection with its current update of the US geothermal 
assessment (Colin Williams, pers. comm., 17 Sep 2008). 
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Resources in British Columbia were located principally 
based on a map published by the Geological Survey of 
Canada (Fairbank and Faulkner, 1992); for the purposes of 
the RETI study, only geothermal sites in the southern 
portion of British Columbia were considered. Figure 1 
shows the location of the geothermal sites considered 
within the RETI study area. Isolated hot springs and warm 
wells were not treated as geothermal sites unless there was 
some expression of developer interest, such as the leasing 
of geothermal development rights on specific tracts. 

 

Figure 1: Geothermal resources in RETI study area 

Undiscovered conventional resources and enhanced 
geothermal system (EGS) resources were not identified 
with this approach. For the purposes of near-term 
transmission planning, it is not possible (in the authors’ 
opinion) to accurately and reliably quantify the locations of 
undiscovered conventional potential and EGS potential. 
Although the aggregate potential of undiscovered 
conventional geothermal sites has been estimated, the 
locations and magnitude of such sites are by definition not 
known. EGS technologies are not yet commercially proven, 
and it is too early to plan transmission for these resources. 
That said, it is recognized that various research efforts have 
estimated the generating potential of undiscovered 
conventional resources and EGS resources in the US in the 
hundreds of thousands of MW. In California alone, the 
potential of undiscovered conventional resources is 
estimated to be as high as 25,439 MW, and the potential of 
EGS resources in California is estimated to be as high as 
67,600 MW (Williams et al., 2008). These resources would 
greatly increase the estimates of geothermal potential in the 
RETI study area. As additional information is learned about 
the quantity, quality and location of these resources, it 
should be included in future transmission studies. 

2.2 MW Capacity 

The initial phase of the RETI effort entailed a regional 
review of the MW potential of the states and provinces 
within the study area. This review drew on the regional 
studies cited above for areas within the US, as well as BC 
Hydro (2002) for British Columbia, and Gutierrez-Negrin 
and Quijano-Leon (2005) for Baja. Based on the regional 

review, California and three out-of-state areas (Nevada, 
Oregon, and southern British Columbia) were deemed to 
have sufficient geothermal potential to warrant more 
detailed assessments for purposes of transmission planning. 
Table 1 shows a summary of the regional estimates. The 
values in this table have been adjusted from those in the 
RETI Phase 1A report (Table 6-42 in Black & Veatch, 
2008), to reflect the totals from the more detailed 
assessments in RETI Phase 1B (Black & Veatch, 2009). 
Table 2 shows the results of the more detailed assessments 
for a total of 116 specific sites. 

Estimation of MW capacities for specific sites relied on 
volumetric estimation of heat in place wherever sufficient 
information was available to justify this approach. The 
methodology has been described in detail in GeothermEx 
(2004), which was a study of California and Nevada 
geothermal resources for the Public Interest Environmental 
Research (PIER) program of the California Energy 
Commission (CEC), referred to herein as the CEC-PIER 
Report. In brief, the heat-in-place approach entailed 
estimation of the area, thickness, and average temperature 
of the geothermal resource. Recovery factors based on 
industry experience were applied to estimate the proportion 
of heat that could be recovered as electrical energy over an 
assumed project life of 30 years. Uncertainty in the input 
parameters was handled by a probabilistic approach that 
yielded a range of possible MW values and associated 
probabilities. The modal value of the probability 
distribution was considered the “most likely value” of MW 
capacity for the geothermal site concerned. If no existing 
plant was operating at a site, the most likely value was 
considered to be the incremental MW capacity available. If 
a site had an existing plant, the incremental capacity was 
considered to be the most likely capacity minus the capacity 
of the existing plant. 

When there was insufficient resource information to apply 
the heat-in-place method, estimates of MW capacity were 
made by analogy to better-known projects in similar 
geologic environments. If the only public information about 
a project was that it contained geothermal leases or had 
been the subject of a geological reconnaissance study, the 
project size was estimated at a minimum size of 10 gross 
MW. Larger estimates of MW capacity were made in some 
instances even in the absence of published resource data if 
there was evidence of active geothermal development 
efforts. For certain large volcanic centers in northern 
California, Oregon, and southern British Columbia, MW 
capacities of 50 gross MW were estimated based on 
potentially favorable geologic conditions, even in the 
absence of current development efforts. 

Incremental capacity estimates were first developed on a 
gross capacity basis and then converted to a net capacity 
basis assuming a net:gross ratio of 90% (i.e., 10% auxiliary 
load) for flash plants, and 80% (i.e., 20 % auxiliary load) 
for binary plants. The assumption of flash versus binary 
was primarily a function of resource temperature, though 
for some high-temperature resources binary plant 
equipment was assumed to minimize environmental impact 
(for example, to avoid visible plumes from cooling towers). 
On a gross basis, the total incremental capacity from the 
areas of detailed evaluation was 5,105 gross MW, or which 
2,440 gross MW was from California. On a net basis, the 
total for areas of detailed evaluation was 4,317 net MW, of 
which 2,102 net MW was from California. Including the 
regional estimates from Washington, Arizona, and Baja, the 
total incremental capacity available was 5,285 gross MW, 
or approximately 5,300 gross MW. 
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2.3 Development Costs 

Characterization of geothermal projects as to capital and 
O&M costs was based as much as possible on current 
industry experience. The costs of drilling and plant 
equipment have risen markedly in recent years, though this 
has been tempered somewhat by the recent economic 
downturn. A comparison of cost estimates from the 2004 
CEC-PIER Report with actual development costs as of 2008 
indicated that the CEC-PIER estimates had escalated by 
about 20%. Moreover, a correlation of the CEC-PIER cost 
estimates with estimated MW capacities showed generally 
higher costs per kW installed for smaller projects (Figure 2). 
This correlation of cost with project size was the primary 
basis for estimating the cost of projects not considered by 
the CEC-PIER study, and the 20% escalation factor was 
used to express all project costs in 2008 dollars. In some 
instances, cost estimates from the CEC-PIER study were 
adjusted by something other than a 20% escalation factor, to 
account for more recent information or site-specific 
constraints (such as a high level of environmental 
opposition). For British Columbia, a 30% escalation factor 
was applied to account for development challenges 
associated with colder climate and rugged topography. This 
analysis yielded capital cost estimates generally ranging 
from $3,000 to $5,500 per gross kW installed. 

O&M costs for geothermal projects were estimated to range 
generally from $22 to $30 per MWh, with higher costs 
characterizing the smaller project sizes. The hyper-saline 
brine resources of the Salton Sea field were estimated to 
have O&M costs of $35 per kWh. These O&M cost 
estimates included site costs, general and administrative 
overhead, workovers, royalties, and insurance. They did not 
include costs of financing or interest payments, though such 
costs were accounted for in comparisons of geothermal 
projects with projects for other renewable energy types 
(Black & Veatch, 2009). 

The capital and O&M cost estimates were used to calculate 
levelized costs of energy (LCOE) for the geothermal sites 

with incremental MW capacity. In making the LCOE 
calculation, initial capacity factor estimates for plants were 
assumed to be 90% for flash plants and 80% for binary 
plants. The resulting LCOE values generally ranged between 
$65 and $130 per net MWh (Table 2). 
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Figure 2: Geothermal capital cost estimates for RETI study 
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