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DISCLAIMERS 
 
 
This document is intended solely for use by the Commission for Environmental Cooperation and may not be 
used or relied upon by any other person, in whole or in part.   
 
Except as otherwise mutually agreed in writing, The Delphi Group, its directors, officers, employees and 
independent contractors do not assume any legal liability and make no representations or warranties of any kind 
whatsoever, expressed or implied and disclaim all other warranties, representations, and conditions, whether 
expressed, implied or arising by custom or trade usage, including without limitation those with respect to accuracy 
and completeness.  Any reliance on the content of this document will be at your own risk.   
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Executive Summary 

 
The CEC sought to have an improved understanding of the factors that contribute to the great variation in 
individual renewable electricity technology cost data.  This variation exists in both the data for the cost of 
installed generating capacity ($/W) and for the cost of production of electricity ($/kWh) from renewable 
technologies.  The CEC was also interested in better understanding the reasons for the cost differential 
that exists between renewable electricity generation technologies and documenting the present cost 
range for each technology.  Finally, the CEC was interested in understanding why the cost data for some 
renewable technologies have varied significantly over time.  
 
The CEC engaged the Delphi Group to conduct an analysis of the various factors that contribute to these 
different areas of variation.  For the purpose of this analysis, the CEC was interested in the most 
commonly employed low impact renewable electricity technologies in North America.  These include: 
 
Á Wind power; 
Á Photovoltaics;     
Á Geothermal;  
Á Small-scale hydropower; and 
Á Biomass derived electricity. 

 
A variety of factors were found to contribute to the variability of cost data for applications of the same 
renewable electricity technologies.  These include : 
 
Á Feasibility Study Costs; 
Á Economies of Scale; 
Á Equipment/technology Options; 
Á Installation Requirements and Site Characteristics; 
Á Financing Terms; 
Á Cost of Land; 
Á Impact Assessment and Permitting; 
Á Project Renewable Resource Characteristics and Capacity Factors; 
Á Operating and Maintenance costs; 
Á Fuel Costs; 
Á Property Taxation and Land Lease Costs; 
Á Co-products and Co-benefits; 
Á Transmission and Grid Connection Costs; and 
Á Government Policy Factors 

 
For the purpose of this study, two categories of cost impacting factors were created:  
 

i)- factors that directly affect the cost of electricity produced; and  
ii)- factors that indirectly affect the cost of electricity by reducing the perceived or effective cost to 

the project developer or owner.   
 
Factors that directly affect the cost of electricity are factors that have a direct impact on the capital cost of 
a project (and as such the installed capacity cost and generating cost of a project) or the factors that have 
a direct impact on the operating cost of a project (and consequently the generating cost only).  Factors 
that indirectly affect the cost of renewable electricity are generally policy factors that lead to a reduction of 
the effective cost of various elements of a project.   
 
The following tables illustrate the range of electricity generation capacity costs and electricity generating 
costs for each renewable energy technology.  These costs are based on the range of costs sited in 
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various literature sources (a listing of which is provided for each technology in this report).   Capacity 
costs include all feasibility study, design, planning and engineering, equipment, shipping/transport, 
construction and installation and grid connection costs. Generating costs include all capital, operating and 
maintenance costs.   
 

Table ES1 ï Summary Cost Ranges for Large Scale Wind Power 

Large Scale Wind Power  

Installed Capacity 
Cost Range (US$/kW) 1,000 to 2,007 

Electricity Generation 
Cost Range 
(US$/kWh) 0.05 to 0.15 

 
 
 

Table ES2 ï Summary Cost Ranges for Photovoltaic Power 

Photovoltaic Power  

Installed Capacity 
Cost Range (US$/kW) 4,600 ï 19,500 

Electricity Generation 
Cost Range 
(US$/kWh) >0.18 

 
 
 

Table ES3 ï Summary Cost Ranges for Biomass Power 

Biomass Power  

Installed Capacity 
Cost Range (US$/kW) 1,300 ï 2,000 

Electricity Generation 
Cost Range 
(US$/kWh) 0.035 ï 0.155 

 
 
 

Table ES4 ï Summary Cost Ranges for Hydropower  

Hydropower  

Installed Capacity 
Cost Range (US$/kW) 735 ï 7,866 

Electricity Generation 
Cost Range 
(US$/kWh) 0.026 ï 0.195 

 
 
 
 
 

Table ES5 ï Summary Cost Ranges for Geothermal Power 

Geothermal Power  

Installed Capacity 
Cost Range (US$/kW) 1,150 ï 5,000 
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Electricity Generation 
Cost Range 
(US$/kWh) 0.03 ï 0.155 

 
 
The particularly significant cost variation over time associated with some renewable electricity 
technologies was found to be the result of increased commercialization and maturity of markets for these 
technologies in recent years.  In principal, there are considered to be two generations of commercialized 
renewable electricity technologies if we consider technology development over the last 120 years.  First 
generation technologies emerged from the industrial revolution at the end of the 19

th
 century and include 

hydropower, biomass combustion and geothermal plants.  Biomass combustion technologies and 
geothermal technologies generally use steam turbines to generate electricity.  For smaller scale 
applications, internal combustion engines are used to generate electricity from biomass.  Steam turbine 
and internal combustion engines are very mature.  Hence, capital costs and electricity generating costs 
for these technologies have not changed significantly with reference to other conventional fossil fuel and 
nuclear based platforms over the years.  Similarly, hydropower turbines are also a very well established 
technology with a track record spanning more than a century.  Hydro projects, when appropriately sited 
have been economical for many years and even represent the lowest cost electricity available in many 
jurisdictions. Therefore, unlike photovoltaics and wind turbines, the costs of biomass, hydro and 
geothermal electricity are not on a steep technology-driven downward curve due to their technical 
maturity.  Photovoltaics and wind turbines are considered to be a part of the second generation 
renewable technologies.  Second generation technologies are only recently starting to be broadly 
commercialized as a result of research, development and demonstration efforts which started in the late 
seventies.  The initial investment in these technologies was prompted by energy security concerns linked 
to the oil price crises of that time period, but the continued focus on these technologies was mainly due to 
their potential environmental benefits.  Innovations and ramp-up to commercialization for these two 
second generation technologies has led to a major decrease in associated installed capacity and 
generating costs over the past 3 decades. 
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1.0 Background 

 
The CEC is seeking to have an improved understanding of the factors that contribute to the great 
variation in individual renewable electricity technology cost data.  This variation exists in both the data for 
the cost of installed generating capacity and for the cost of production of electricity from renewable 
technologies.  The CEC is also interested in better understanding the reasons for the cost differential that 
exists between renewable electricity generation technologies.  Finally, the CEC is also interested in 
understanding why the cost data for some renewable technologies have varied significantly over time.  
 
For the purpose of this study, the CEC is interested in the most commonly employed low impact 
renewable electricity technologies in North America.  These include: 
 
Á Wind power 
Á Solar photovoltaics     
Á Geothermal  
Á Small-scale hydropower 
Á Biomass derived electricity 

 
In order to provide this understanding, the CEC hired the Delphi Group to document the present installed 
cost and generating cost of each renewable electricity type and the various factors that contribute to the 
great range of cost data that is typically cited for each type.  The Delphi Groups was also hired to provide 
an explanation of why the cost associated with some renewable electricity technologies has varied 
significantly over time.   
 
More specifically, cost data to be documented will include both the capital and installation costs 
associated to the installation of actual capacity for generation, typically provided in $/W(capacity), and the 
production cost, which is the cost of producing electricity over the lifetime of a given project, typically 
provided in $/kWh. The main factors that affect these costs and that will be documented in this report 
include: 
 
Á Equipment/technology Options; 
Á Installation Requirements and Site Characteristics; 
Á Financing Terms; 
Á Project Renewable Resource Characteristics; 
Á Capacity Factors; 
Á Operating and Maintenance costs; 
Á Transmission and Grid Connection Requirements; and 
Á Government Policy Factors 

 
These are all discussed in further detail in the following sections. 
 
 
 

2.0 Terminology 

 
Before proceeding to the analysis of cost data for renewable electricity generation and generation 
technologies and the factors that influence them, several terminology distinctions or clarifications are 
appropriate.  These include the distinction between ñcostò and ñpriceò and the definition of capital costs, 
fixed costs, variable costs, installed capacity cost and electricity generating cost for the purpose of this 
study. 
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2.1 Cost VS Price 

 
Price typically refers to the amount paid by the consumer for a particular good or service.  This generally 
includes not only the cost of producing the good or the service but also the profit margin required by the 
seller to ensure the rate of return they desire.  Cost generally refers to all expenses incurred throughout 
the production of a particular good, in this case the generating plant or the electricity from this plant.  
However, most cost data include price data, since most power project developers or power producers 
purchase materials and equipment at a price and not at cost.  Wherever possible, this report will focus on 
providing cost data for installed equipment capacity and for electricity generation, however, profit margins 
are inevitably included in cost data since equipment and services employed to design, build and operate 
renewable electricity generation facilities are always provided at a price (with profit built in) rather than at 
cost to a project developer.  
 
Therefore, when referring to the cost of installed generating capacity, figures will be essentially the same 
as the price paid by the project developer for the purchase and construction of the generating facility.  
The ñpriceò of installed generating capacity would only come into play if the project developer was looking 
to sell the generating facility at a profit.  Similarly, wherever possible cost data for electricity produced 
from renewables will be based on capital, financing and operating and maintenance costs (which may 
include price data) to the project developer, whereas the electricity price would also include the mark-up 
of electricity for profit when the electricity is sold to a utility or and directly to an end user. 
 

2.2 Capital Costs 

 
Capital costs are costs incurred on the purchase of land and equipment and installation and construction 
services to be used to reach the point of producing goods, in this case renewable electricity.  Capital cost 
also include feasibility studies, project design, permitting and legal costs incurred to reach the point of 
initial production.  In other words, capital costs represent the total cost needed to bring a project to a 
commercially operable status.  
 
Capital costs do not include labor costs except for the labor used for feasibility analysis, project design 
and construction.  Typically, capital costs are one-time expenses, although payment may be spread out 
over many years depending on financing arrangements. Capital costs are generally fixed for a given unit 
of installed electricity generating capacity (i.e., they donôt change over the lifetime of the project), although 
they do vary from project to project based on equipment configurations and project site specifics.  Capital 
costs also do not vary depending on the actual level of electricity output occurring from a project. Capital 
costs can be tied to electricity plant capacity expansions, but these will not be a factor in the cost data 
reviewed in the present study [1]. 
 
 

2.3 Operating and Maintenance Costs 

 
Operating costs are the recurring expenses which are related to the operation of a business, or a device, 
component, piece of equipment or facility.  In the case of a renewable electricity generation project or 
business, it is the amount of resources used or cost incurred by an organization just to maintain 
existence. These costs include overhead costs, which can include the payment of rent on the office space 
a business occupies or lease for land on which a generating plant is sited, administrative employee 
wages, insurance costs, financing costs such as interest or other financing charges, taxes, equipment 
depreciation etc., depending on the renewable electricity project. They also include non-overhead costs 
like supplies, such as biomass feedstocks used to create the electricity, and in some cases employee 
wages. 
 
Operating costs generally fall into two broad categories: 

http://en.wikipedia.org/wiki/Real_property
http://en.wikipedia.org/wiki/Good_%28economics_and_accounting%29
http://en.wikipedia.org/wiki/Labor
http://en.wikipedia.org/wiki/Expense
http://en.wikipedia.org/wiki/Resource_%28project_management%29
http://en.wikipedia.org/wiki/Organization
http://en.wikipedia.org/wiki/Supplies
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Á Fixed costs, which are the same whether the operation is closed, or running at 100% of capacity. 

Fixed costs are expenses whose total does not change in proportion to the activity of a business, 
within the relevant time period or scale of production. Fixed costs include, but are not limited to, 
overheads (rent, insurance, and such) and can include direct costs such as payroll (particularly 
salaries). 

 
Á Variable costs, which may increase depending on whether more production is done, and how it is 

done.  For electricity projects, the most significant variable cost is typically the cost of fuel, 
however, with the exception of biomass projects, fuel is free (in the form of geothermal energy, 
wind or the sunôs rays) for renewable electricity projects. 

 
Because renewable electricity projects also entail the use of devices, components and pieces of 
equipment to make up overall generating facilities, maintenance costs must also be considered. 
Maintenance costs are incurred to keep equipment operating at an optimal level of performance. These 
costs included those associated with routine recurring work required to keep a facility (plant, building, 
structure, utility system, or other real property) in such condition that it may be continuously used, at its 
original or designed capacity and efficiency for its intended purpose.  These costs also include the 
corresponding administrative, managerial, and supervision costs associated with this work.  In the most 
simple production function, total operating and maintenance cost is equal to fixed costs plus variable 
costs plus maintenance costs.  [2ï4]. 
 
 

 

2.4 Installed Capacity Cost 

 
 
The installed capacity cost, also sometimes referred to as the ñovernight costò for a renewable electricity 
project is typically represented as dollars per unit of installed power generating capacity ($/W).  This cost 
is calculated by totaling all capital costs incurred to bring the project to the point of production and dividing 
this total by the total installed rated capacity of electricity generating equipment.  The capital costs usually 
includes the following: 

  
Á Project feasibility studies; 
Á Engineering design; 
Á Impact assessment and permitting;  
Á Equipment procurement of fabrication;  
Á Site preparation (including site services and access roads); 
Á Plant construction and installation; 
Á Grid connection; 
Á Project management; and 
Á Commissioning and start-up [5, 6]. 

 

  
 
  
 
 

2.5 Electricity Generating Cost 

 
 
Each technology used to produce electricity has specific characteristics which can vary significantly from 
one to another. Among these characteristics: equipment cost, construction time, electrical output, lifetime 

http://en.wikipedia.org/wiki/Facility
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/System
http://en.wikipedia.org/wiki/Production_function
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and operation and maintenance requirements. Due to these differences it is very difficult to perform a 
comparison between different technologies by only considering one of those characteristics.  
Furthermore, comparison of installed capacity costs alone can be misleading as some technologies have 
high initial capital costs but require very little operating and maintenance expenditures over their lifetime 
while other technologies demonstrate the reverse phenomenon.    Fossil fuel plants, for example, have 
some of the lowest up-front capital costs but incur significant maintenance and fuel costs for the entire life 
of the plant.  Conversely, photovoltaic projects entail high up-front capital costs but require minimal 
additional expenditures over their lifetime due to almost negligible operating and maintenance 
requirements.  In order to provide a better overall lifecycle comparison between technologies, the 
electricity generating cost is a more representative figure. 
 
The electricity generating cost for a given project, which is also frequently referred to as the levelized cost 
of power production, is typically presented in dollars per unit of electricity produced ($/kWh).  The 
levelized cost of power production is the average cost of power production over the life of a power plant, 
taking into account all capital expenses and operating and maintenance costs.  It is determined by 
dividing the total life-cycle costs, usually in present dollar values, by the estimated amount of electricity, in 
kWh, the project will produce over its operating life [7, 8]. 
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3.0 Factors Affecting Renewable Electricity Costs 

 
For the purpose of this study, two categories of cost impacting factors are discussed:  
 

i)- factors that directly affect the cost of electricity produced; and  
ii)- factors that indirectly affect the cost of electricity by reducing the perceived or effective cost to 

the project developer or owner.   
 
Factors that directly affect the cost of electricity are factors that have a direct impact on the capital cost of 
a project (and as such the installed capacity cost and generating cost of a project) or the factors that have 
a direct impact on the operating cost of a project (and consequently the generating cost only).  Factors 
that indirectly affect the cost of renewable electricity are generally policy factors that lead to a reduction of 
the effective cost of various elements of a project.  These factors are further explained in the following 
subsections. 
 
 

3.1 Factors that Have a Direct Impact on Project Capital Cost 

 
The following sub-sections discuss the factors that have a direct impact on project capital costs that can 
vary from project to project or depending on technology. 

3.1.1 Feasibility Study Cost Variability 

 
Although feasibility studies typically do not represent a major cost relative to other capital costs 
associated with renewable electricity projects, they can be significant in some instances. Feasibility study 
requirements, and consequently cost for such studies, vary greatly from technology to technology.  They 
can also vary significantly between different projects using the same technology.  For renewable 
electricity projects, a significant factor affecting the cost feasibility studies is the existence and quality 
renewable resource data for a proposed project site.  Where no data exists or where data is of limited 
quality for a particular site, data must be collected and analyzed to the point of establishing the viability of 
developing an actual electricity generation project.  The cost of acquiring reliable data depends on the 
renewable energy resource and the technology being used to harness it.   
 
The resource assessment requirements for a typical photovoltaic project are relatively simple for most 
projects as reasonably accurate (with 10-20% uncertainty) insolation data based on satellite data 
spanning several decades exists for all parts of the planet [9].  This means that the electricity generation 
potential for a proposed project site can be easily estimated using available resource data and 
photovoltaic module orientation guidelines, as long as the geographic location of the site is known.  
Consequently, the cost of feasibility studies for photovoltaic projects can be essentially negligible 
compared to other capital costs.  Where large, utility scale projects are envisioned, project developers 
may seek to install relatively low cost pyronometers to measure the insolation rate at a specific site over a 
given period of time, typically a year [10].  However, due to the variations in cloud conditions that occur 
from year to year, this does not necessarily lead to more reliable data than that provided in existing 
resource databases. 
 
For wind, geothermal and hydropower projects, reliable resource assessment becomes significantly more 
complicated and expensive.  Although wind resource maps exist for many parts of the world, including 
most of North America (with the exception of a few parts of Mexico [9]), this data does not always reflect 
the micro geographic features of a particular site and are not reliable enough to be relied on to project the 
precise revenue projection requirements needed for utility scale wind projects.  For this reason, most 
large scale wind projects require at least a years worth of wind characterization to satisfy project 
financers.  The cost of such characterization can vary significantly depending on the size of the proposed 
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project and the surface area of the site, the geography of the site, site accessibility and the actual 
duration of the characterization.  Typical onsite characterizations can range in cost from ~US$25,000 to 
greater than US$150,000.  For smaller wind projects (<100 kW), detailed resource characterization is 
generally not economical. 
 
The viability of each potential hydropower project is site specific. The power output depends on flow of 
water and the height of the drop of the available water at a particular site. Conversely, the amount of 
electricity that can be generated at a particular site depends on the quantity of water available and the 
variability of flow throughout the year.  Although, some resource databases for specific potential 
hydropower sites do exist, detailed hydrological and topographic studies are usually required to satisfy 
most project financers.  Such studies can represent significant costs, which will depend on the exact 
characteristics of a given site [9, 11].   Similarly, despite the existence of geothermal resource maps for all 
of North America, costly drilling of exploratory steam field wells is necessary to establish the business 
case for each geothermal electricity project [12].  Biomass generation project resource assessments are 
typically expected to be consistent, relative to project scale, from one project to another  
 

3.1.2 Capacity/Economies of Scale 

 
All renewable electricity technologies benefit from economies of scale in various ways.  Generally, the 
larger the installation the more power generation capacity there is to amortize the various capital costs 
over.  Take the example of a geothermal electricity plant, where the planning costs related to exploratory 
drilling, resource assessment and plant design do not vary significantly with the scale of the geothermal 
plant to be installed.  This means that these costs can be more rapidly recouped with a larger capacity 
project, and consequently yield a lower lifecycle cost for electricity generation ($/kWh) and a lower 
installed capacity cost ($/kW). Furthermore, any project that has financial transaction costs can recoup 
these costs faster if they are spread over more kilowatt-hours with a larger project.  This can also hold 
true with operating and maintenance costs.  A larger project will almost always have smaller operations 
and maintenance costs per kilowatt-hour because of various cost efficiencies than can be leveraged, 
such as management, maintenance equipment, monitoring etc. [13].  
 
The economies of scale phenomenon can be clearly illustrated taking the example of two wind farms with 
significantly different installed capacities.  Assuming the same average wind speed of 8 m/sec and 
identical wind turbine sizes, a 3ïMW wind project delivers electricity at a cost of $0.059 per kWh and a 
51-MW project delivers electricity at $0.036 per kWh ï a drop in costs of $0.023, or nearly 40%.  
 

 
 

Figure 3.1 ï Electricity cost difference between a 3 MW and 51 MW wind farm (Source: [13]) 
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Economies of scale can also directly result from the purchase of larger capacity equipment, as the 
construction labour and design costs remain relatively constant regardless of the capacity of a given 
power technology, such as a steam turbine or a hydro turbine, or do not vary proportionately to the 
equipment size. The increased size of parts and amount of materials used does, however, contribute to 
some increase in system cost. Nonetheless, the design and labour cost savings translate to lower 
installed capacity costs and consequently lower levelized power generation costs.  
 
For example, looking again at wind technology, as you move from a 150 kW wind turbine to a 600 kW 
turbine, prices will roughly triple, rather than quadruple.  The reason is that there are economies of scale, 
e.g. the amount of manpower involved in building a 150 kW machine is not very different from what is 
required to build a 600 kW machine and the safety features and the amount of electronics required to run 
a small or a large machine is roughly the same [14]. 
 
When dealing with installations of modular systems, such as wind turbines and photovoltaics, where 
standard units are simply repeated to meet installed capacity goals and optimized power generation for a 
particular project site, economies of scale are also available as a result of the repeatability of 
manufacturing each individual module and the reduced sales and marketing expenditures required by 
equipment vendors when selling many units versus just a few.  These economies are usually manifested 
in preferred pricing for large orders versus single unit or small volume orders.   
 
Taking photovoltaic installations for example, the installed capacity and the levelized electricity generation 
cost for a 2 kW residential photovoltaic systems is typically roughly double these same costs for a 500 kW 
utility scale system in the same sun conditions.  A portion of this difference is due to the difference in cost 
per Watt for a small order of photovoltaic panels compared to a large order.  To put this into perspective, 
an individual solar cell (~2.3 W) can sell for as high as $5.50 per Watt (peak) compared to a large order of 
solar cells (500 kW) which can sell at less than $2 per Watt (peak) [6, 15]. 
 

3.1.3 Plant Availability 

 
Plant availability, along with the quality of the renewable resource (discussed below) dictate how much of 
the installed capacity of a plant can actually be used and consequently how much electricity can be 
produced from a plant assuming a constant supply of fuel.  The higher the availability of generating 
equipment, the more power can be produced.  The more power produced, the greater the potential 
revenues, or displacement of cost of electricity from other sources, and the more rapidly capital and 
operating and maintenance costs can be repaid.  
 
Plant availability essentially depends on the amount of shut-down time required over a given time period 
to maintain equipment.  The lower the availability, the more a system will be offline for maintenance. 
Within a technology, availability factors can vary slightly from vendor to vendor but they are generally 
close for competitiveness reasons.  However, availability can vary significantly between technologies.  A 
photovoltaic plant, for example, requires essentially no shut-down time for maintenance, and 
consequently has an availability factor of nearly 100%.  Hydropower plants also have capacity factors that 
approach 100%. 
 
Better wind turbine manufacturers are able to achieve availability factors of 98%.  However, since wind 
turbines only operate when the wind blows, the 2% downtime is not significant [14].  Geothermal plants 
typically have availability factors of 90-95% and bioenergy plants typically have availability factors ranging 
from 70-95% depending on the technology and fuel used [16 - 18]. 
 

3.1.4 Equipment Cost and Technology Selection Factors 
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For a particular application of a given technology at a specific site, equipment costs are generally very 
competitive between vendors of the same technology and little cost variation exists between reputable 
suppliers.  When cost differences do exist, they are typically as the result of a performance compromise 
and are offset by increased costs elsewhere in a given project.  For example, one vendor may offer 
equipment at a lower cost, but also with a lower warranty period, meaning that an increased risk and 
potential cost is added at the end of the shorter warranty period.  Vendors may also offer lower prices on 
equipment with lower efficiencies, but this will lead to the increase of other lifecycle costs such as 
increased fuel requirements for biomass systems, increased drilling requirements for geothermal plants, 
increased water diversion or storage for hydro projects and increased land or surface area requirements 
for photovoltaic and wind projects to achieve the same output.   
 
Equipment cost can, however, vary significant from project to project as a result of the characteristics of 
each site.  Hydro turbines and wind turbines used in environments prone to freezing and icing issues will 
require extra features, and hence additional costs, to deal with these factors.  Similarly, an off-grid 
photovoltaic system will require costly battery back-up equipment while, a grid-connected system can 
avoid this cost altogether.   
 
For geothermal projects, landscape visual pollution constraints may vary from project to project, meaning 
that in some cases steam released in plumes from wet cooling towers at plants will be acceptable while in 
others air-cooled condensers are required to eliminate any visible landscape impact from a project.  Both 
of these approaches represent significantly different capital outlays [19]. 
 
Depending on the nature of the biomass feedstock for a given biomass electricity project, equipment 
costs can vary significantly.  For example some feedstocks may require chipping, pelletizing, drying or 
long term storage for their effective use in combustion equipment.  Equipment for each of these activities 
represents a cost that may not exist in other biomass electricity projects.  Furthermore, where a suitable 
heat load exists at a project site, an additional cost can be incurred to install heat capture and transfer 
equipment, the cost of which may not always be completely offset by displaced heating fuel costs. 
 
In addition to equipment cost variations, characteristics of a renewable resource can affect technology 
choices which also have an impact on the project capital cost per unit of installed power capacity.  For 
wind, solar and hydro projects, these variations are very minimal, but for geothermal and biomass 
projects these technology variations can be much more significant. 
 
 In geothermal projects, steam plants are most cost effective when the resource steam in wells is 
available at a temperature above ~175 C.  In these plants steam can be directly expanded through a 
turbine to produce electricity.  However, because sites rich in steam such as this are rare, it is much more 
common for hot water from a geothermal resource to be flashed to steam by spraying it into a tank where 
its pressure is decreased.  This can occur in either a single or dual stage process.  Alternatively, lower 
temperature heat from the geothermal fluid can be transferred to a volatile working fluid (typically a 
hydrocarbon such as isobutane or isopentane) that vaporizes and is passed through a turbine.  Such 
plants are called ñbinaryò because a secondary fluid is used in the actual power cycle.  These plants tend 
to have higher equipment costs than flash plants.  Because they transfer heat from the geothermal fluid 
and return all the geothermal fluid to the ground, they do not have condensed steam available as cooling 
water.  Thus, they must use a separate water source or air-cooled condensers to reduce turbine exhaust 
temperatures.  Each one of these geothermal configurations entails significantly different costs, and 
consequently contribute to different levelized generating costs [19].   

The great variability of bioenergy resources combined with the broad range of technical approaches to 
harnessing bioenergy contributes to a great variation in biomass electricity generating costs.  Process 
routes for converting biomass into electricity include direct combustion, gasification, anaerobic digestion 
and pyrolysis. Direct combustion generally is a well established and relatively low cost technology that 
involves burning biomass directly to produce heat to produce steam to drive a turbine for electricity 
generation.  Initial costs of a direct wood biomass energy system are generally 50% greater than that of a 
fossil fuel system, but this is mainly due to more complex fuel handling and storage system requirements. 
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Anaerobic digestion involves decomposition of waste streams such as manure or municipal solid waste in 
the absence of oxygen to produce a combustible gas similar to natural gas which can be used to drive an 
a turbine or internal combustion engine generator.  Although the actual generating technologies used in 
such systems are well established and have relatively low costs, manure handling and digesting 
equipment can add a significant cost which can be offset by economies of scale in larger projects. 
 
Pyrolysis is a thermo-chemical process used to convert solid biomass to liquid and solid fuels that can be 
more easily stored, transported and burned than solid wood wastes.  Although not yet fully 
commercialized, these systems are used to convert biomass streams in remote location or in locations 
where electricity is not required to fuels that can be easily transported to sites where electricity generation 
can be done using conventional turbine technology modified to use pyrolysis product fuels in more 
commercially viable environments.  Little cost data is available on pyrolysis systems to date but they are 
only expected to be competitive in applications where feedstock are free or have a negative value due to 
disposal liabilities.  
 
Finally, gasification technologies convert forestry, agricultural and municipal residues into syngas (similar 
to natural gas, but lower in energy content), which once cleaned and conditioned, can be burned in gas 
turbines and gas-powered engines to produce electricity [20-22].  Although more expensive than direct 
combustion of biomass, these systems can improve emissions performance.  Each of these biomass 
technologies represents different capital and operating and maintenance costs, but can be the only 
economically competitive option depending on the biomass resource and project location.   
 

3.1.5 Cost of Land 

 
Where land is not leased, the cost of purchasing land on which electricity generating facilities will be sited 
can vary drastically depending on the region and several other factors.  Land costs can vary according to 
perceived value, which generally depends on proximity to urban centers, accessibility, esthetic value, 
ownership or perceived value of natural resources on land.  The land cost circumstances for every 
renewable electricity project can therefore vary significantly [23]. 
 

3.1.6 Construction and Location/Installation Variables 

 
Specific construction and installation requirements, and related capital costs can vary significantly from 
one renewable electricity project to another, even within applications of the same technology.  
Accessibility can be a major factor affecting construction and installations costs for a project.  Generally, 
the more remote and difficult to access the project site, the higher the installation costs.  This most 
frequently occurs with geothermal, hydro and wind projects, where, by nature, ideal renewable resources 
are often located in very difficult terrain.  Geothermal resources are typically most promising in 
mountainous areas, unexploited hydro resources are typically in remote locations, away from populated 
areas, and ideal wind sites are often in areas of high topographic variations or in remote costal locations.  
Although some potential sites may be accessible by existing roads, in many cases land has to be cleared 
and access roads have to be specifically constructed for the purpose of reaching a development site and 
erecting a facility.  Construction of access roads can be costly especially since they must be able to 
withstand significant heavy equipment transit and hauling of large volumes of construction material, such 
as concrete for foundations or dams, mobile crane equipment, steel piping, drillers, turbines, etc. The cost 
of roads depends on soil conditions, land cover and a variety of other factors. Furthermore, the longer the 
access road required, the costlier it becomes.  In some cases, land leases or access fees must be paid 
for some parts of access roads if they cross property not owned by the project developer.  Overall travel 
distances to sites from regions of source labour and materials can also differ substantially from project to 
project.   
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Distance to power transmission infrastructure capable of handling project power outputs and power 
conditioning requirements can also vary significantly from project to project.  Where projects are 
especially remote, distance to existing transmission infrastructure and the costs associated to installing 
connection lines can be enough on its own to make a project uneconomic. In many cases, easement 
rights for lines crossing non-owned land can require an additional cost outlay.  Furthermore, depending 
on the output voltage of a power facility, a transformer may be necessary to convert the low voltage 
current to 10-30 kV current suitable for most local electrical grids.  The cost of such equipment can vary 
significantly with size and suitability to local conditions. 
 
Materials requirements can also differ from site to site, concrete requirements for wind turbine 
foundations, for example, can depend on soil conditions, terrain, tower height, turbine size and wind 
conditions.  Regional construction labour and civil and electromechanical engineering costs can also vary 
significantly from jurisdiction to jurisdiction. Furthermore, construction time requirements, and 
consequently overall labour costs, can also differ drastically from one site or jurisdiction to another. [23-
27]. 
 

3.1.7 Equipment Lifetime and Decommissioning Requirements 

 
Equipment lifetimes and retrofit/replacement schedules partially define the total amount of electricity that 
can be produced from a project.  Equipment from different vendors can have different warranty periods, 
and consequently different expected lifetimes.  Furthermore, different technologies have different 
lifetimes.  Hydro plants for example have lifetimes that can exceed 50-year, with the exception of the 
occasional turbine replacement, if properly constructed and maintained.  Photovoltaics, which have 
minimal moving part, have warranties of 20 years in many cases and have demonstrated lifetimes of 30 
years in certain conditions, although some power loss is expected over their lifetime.  Biomass electricity 
system turbines and wind turbines typically have shorter expected lifetimes due to their substantial 
moving parts and the consequent inevitable wear and breakdown of turbine components.  The lifetime of 
a geothermal plant can greatly depend on the lifetime of the geothermal well resource and how well it is 
managed.  Decommissioning and disposal costs can also vary from technology to technology. 
Photovoltaics contain several hazardous materials that can represent an environmental liability if not 
properly disposed of, while wind turbines must be fully decommissioned and dismantled when they have 
completed their useful lifetime.  
 

3.1.8 Impact Assessment and Permitting 

 
Different technologies have different environmental impact assessment and permitting requirements.  For 
example, photovoltaic installations typically have minimal environmental assessment requirements, due 
to the fact that they have no moving parts, can be integrated into existing building structures and pose 
essentially no risk to human health or wildlife.  They do however require some permits related to building 
codes and electrical connections. 
 
Conversely, wind turbines can have impacts on bird populations if placed in bird migration pathways and 
can produce unacceptable levels of noise if wind farms are not properly designed.  Wind farm developers 
are therefore required to conduct environmental impact assessments to identify and minimize these risks, 
the cost of which can vary depending on the size and location of the project. Permits are also required for 
wind farm development which can entail further cash outlays including the cost of gaining land use and 
zoning approval from local and/or state or provincial authorities that regulate such projects. These costs 
vary widely and often include significant fees for lawyers, public affairs/lobbyists, and engineers involved 
in the effort to gain community approval.  Where opposition to proposed wind projects is high, such as in 
more populated areas or in areas close to summer homes or holiday residences, this process can 
become especially costly.  
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Similarly environmental assessment of fish habitat impacts for small hydropower projects, air emissions 
impacts for biomass electricity projects and landscape visual pollution for geothermal projects are 
required and represent varying costs depending on the project location.  Where these projects are close 
to populated areas, community opposition can also come into play. 
 
 
 
 
 

3.2 Factors that Have a Direct Impact on Net Cost of Generating 
Electricity 

 
Generally, there is no such thing as a single levelized cost for electricity from renewables; rather there are 
ranges of costs.  There are numerous factors that dictate the levelized cost of electricity from renewables, 
all of which can vary significantly from one project to another.  The following provides a summary of the 
factors that affect the cost of renewable electricity by affecting operating and maintenance costs.  
 

3.2.1 Quality of Renewable Energy Resource and Capacity Factors 

 
For all electricity generating technologies, the availability of fuel is essential to produce electricity.  With 
renewable technologies the quality and characteristics of the renewable energy resource at or close to 
project site define the amount of fuel available for electricity generation on an annual basis and when it 
can be used.  The amount of fuel available has a huge impact on the net cost of generating electricity for 
all technologies, but the added factor of when or how often the fuel is available can have a particularly 
significant impact on costs for some renewable technologies as well.   
 
Actual costs per kWh for renewables depend on the number of kWh of electricity actually produced. The 
capacity factor of a power plant is the ratio of the actual output of a power plant over a period of time and 
its output if it had operated at full capacity over that time period. This is calculated by totaling the 
electricity the plant produced and dividing it by how much electricity it would have produced at full 
capacity [28]. This is a particularly important issue when considering photovoltaics, wind power and some 
small-scale hydropower projects.  In these cases, the plant may be available to produce electricity, but its 
fuel, wind, sunlight or water, may not be available or enough of the fuel may not be available to allow the 
plant to operate at full capacity. 
 
The power available from the wind is a function of the cube of the wind speed.  Average annual wind 
speed at a project site is therefore the most critical factor in determining the amount of electricity that can 
be produced from a particular set of equipment.   Wind speed varies widely from one geographic location 
to another, with coastal and near shore locations and areas with large variations in topography being 
especially promising.  Wind also varies with the time of day and the time of year, with stronger wind 
tending to occur at night and in colder months [26]. The capacity factors for wind generators depend 
almost entirely on the regional wind resource.  For cost-effective projects, a capacity factor of ~ 30% is 
usually desired [14]. 
 

 With all other things being equal, a turbine at a site with 5 m/sec winds will produce nearly twice as much 
power as a turbine at a location where the wind averages 4 m/sec [13, 29]. In terms of cost of generation, 
the relationship is straight forward: if you produce twice as much electricity per year, with the same 
equipment, you essentially pay half the cost per kWh, assuming that maintenance cost do not increase 
significantly with increasing use [14].  The following figure illustrates the cost of wind electricity for varying 
wind speeds assuming all other factors are constant. 
 

http://www.mnforsustain.org/windpower_schleede_costs_of_electricity.htm
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Figure 3.2 ï Cost of Wind Electricity Generation at Different Average Wind Speeds (Source: [13]) 

 
 
The capacity factor of a photovoltaic system depends mainly on two things: first the solar conditions at the 
project site, and second, the orientation of the system. For the latter, most photovoltaic systems are 
optimally oriented towards the sun (usually oriented toward the equator wherever possible), but in some 
cases where equator-oriented walls or roofs are not available, a compromise must be made.  Photovoltaic 
technology is already the most expensive electricity generation option, so non-optimal orientations would 
not be expected to be economically competitive without substantial subsidies. 
 
In terms of solar conditions at a given site, these also vary dramatically from location to location and 
depending on the time of year, typically with conditions improving as sites approach the equator.  Direct 
sun exposure can range from over 6 hours per day in some locations and be lower than 2.5 hours per day 
in others.   In order to translate, kWpeak (the standardized measure of power output for solar modules 
assuming ideal solar conditions) to kWh (a measure which takes account of solar conditions), an 
adjustment for the actual location of the solar panel is generally necessary in order to estimate how much 
sunlight would be expected to fall on a system of known size for a given location over the period of a 
year.   Some simple examples of variations in power output depending on geographic location are that a 
1 kWpeak system will produce approximately: 
 
Á 1800 kWh/year in Southern California  
Á 850 kWh/year in Northern Germany  
Á 1600-2000 kWh in India and Australia [30]. 

    

 
Power output from hydropower projects depends on flow of water available and the height of the drop of 
the available water. The amount of electricity that can be generated also depends on the quantity of water 
available and the variability of flow throughout the year.  Flow variations occur as a result of seasonal and 
temporal changes in precipitation for the drainage basin feeding a particular hydropower site.  In the case 
of storage dam projects, a plant's production may also be affected by requirements to keep the stored 
water reserve levels from getting too high or low and to provide water for fish downstream [28]. 
 
Geothermal and biomass generation projects generally deal with resources that are continuously 
available, assuming a project is appropriately designed, and hence have capacity factors approaching 
100%.  As long as a viable fuel source is available, such projects will only be limited by the capacity and 
availability factors their power equipment is rated for and will generally not be affected by temporal 

http://en.wikipedia.org/wiki/Capacity_factor
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factors. That being said, for geothermal projects, the heat content of a geothermal reservoir will gradually 
decrease/decline over time, but this should be minimized for the planned life of the project if an 
appropriate water re-injection strategy is employed.  Similarly, if a steady stream of biomass feedstock is 
not secured from the duration of a biomass generation project, the capacity factor issue may come into 
play, if production rate is reduced or interrupted.  
 

3.2.2 Operations and Maintenance 

 
Aside from the requirement to replace some of the supporting power conditioning components over their 
lifetime, operating and maintenance costs are essentially negligible for photovoltaic systems.  This is 
consistent for virtually all photovoltaic installations.   Operating and maintenance costs for hydroelectric 
facilities are also quite low, especially with ever increasing automation features which are allowing the 
management of remote hydropower projects from central locations.  Operating and maintenance costs 
generally vary according to the age of hydropower plants, with older plants having higher expenses.  If 
the river on which a hydropower installation is sited has a heavy sediment load, higher costs can result 
from special attention and extra maintenance requirements [24].   
 
Wind turbines typically need servicing and inspection once every six months to ensure that they remain in 
a safe state of operation.  Component failures and accidents (such as lightning strikes) may occasionally 
disable wind turbines, brining about the requirement for further maintenance work [14].  Typically newer 
generations of turbines have relatively lower repair and maintenance costs than the older generations 
[31].  Older turbines (25-150 kW) have annual maintenance costs with an average of around 3 percent of 
the original turbine investment.  Newer turbines are on average substantially larger, which would tend to 
lower maintenance costs per kW of installed power (you do not need to service a large, modern machine 
more often than a small one).  For newer machines the estimates range around 1.5 to 2 percent per year 
of the original turbine investment, depending on accessibility and the size of turbines and wind farms. 

Geothermal power plant operating and maintenance costs range from $0.015 to $0.045 per KWh, 
depending on how often the plant runs. Geothermal plants typically run more than 90% of the time. They 
can be run up to 97ï98% of the time, but this increases maintenance costs. High run times are most 
commonly found when contractual agreements pay high prices for power. Higher-priced electricity justifies 
running the plant at high-capacity factors because the resulting higher maintenance costs are recovered. 
Table 3.1 provides geothermal operating and maintenance cost by plant size. Large plants tend to have 
lower operating and maintenance costs due to economies of scale.  

Table 3.1 - Geothermal Operating and Maintenance Costs  
by Plants Size (U.S. cents/kWh) (Source: [12]) 

Cost Component Small Plants (<5 MW) Medium (5-30 MW) Large Plants (>30 MW) 

Steam Fields 0.35 ï 0.7 0.25 ï 0.35 0.15 ï 0.25 

Power Plants 0.45 ï 0.7 0.35 ï 0.45 0.25 ï 0.45 

Total 0.8 ï 1.4 0.6 ï 0.8 0.4 ï 0.7 

 
For biomass electricity projects, the most important variable affecting operating costs from one project to 
another is the cost of the biomass used as fuel.  This is discussed in further detail in the following sub-
section.  
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3.2.3 Fuel Costs 

 

For wind, photovoltaic, hydroelectric and geothermal systems, fuel is essentially free once a plant is 
installed.  For biomass projects, the cost of fuel defines economic competitiveness.  Cost for biomass 
feedstocks can range from free, or even negative values in cases that involve waste streams with high 
disposal costs, to significantly higher when feedstocks must be grown, harvested, processed or 
transported to end-use sites [32].  Types of biomass feedstock used for electricity generation include: 

Á Agricultural residues which are generated after each harvesting cycle of commodity crops. A 
portion of the remaining stalks and biomass material left on the ground can be collected and used 
for electricity generation purposes. Wheat straw and corn stover generally make up the majority 
of available crop residues.  

Á Energy crops are produced solely or primarily for use as feedstocks in electricity generation 
processes. Energy crops includes hybrid poplar, hybrid willow, and switchgrass, which are 
typically grown on idled or in pasture lands.  

Á Forestry residues are the biomass material remaining in forests that have been harvested for 
timber. Timber harvesting operations do not extract all biomass material, because only timber of 
certain quality is usable for processing into end products by facilities. Therefore, the residual 
material after a timber harvest is potentially available for electricity generation purposes. Forestry 
residues are composed of logging residues, rough rotten salvageable dead wood, and excess 
small pole trees.  

Á Urban wood waste/mill residues are waste woods from manufacturing operations that would 
otherwise be landfilled. The urban wood waste/mill residue category includes primary mill 
residues and urban wood such as pallets, construction waste, and demolition debris, which are 
not otherwise used.  These streams can be particularly economical since they generally exist 
close to urban centers with established transmission infrastructure and represent a negative 
disposal cost. 

Á Landfill gas is produced from organic waste disposed of in landfills. The waste is covered and 
compressed mechanically and by the pressure of higher levels. As conditions become anaerobic 
the organic waste is broken down and landfill gas is produced. This gas builds up and can be 
used to drive an electric turbine. 

Á Agricultural manure and biological solids are streams of biomass that can be converted into 
biogas which can in turn be used to drive a steam turbine or an internal combustion engine to 
produce electricity.  Manure can be collected from dairy farms, feedlots, pig farms and poultry 
farms.  Waste biological solids are produced at waste water treatment facilities and food 
processing plants.  Conversion of these wastes into combustible biogas occurs in anaerobic 
digesters, which present several key advantages beyond production of electricity including a 
reduction of waste volume, destruction of parasites and harmful organisms, and creation of high 
value fertilizer streams.    

The characteristics and economics of harnessing each of these feedstock streams for power generation 
vary significantly, not only from stream to stream, but also from project to project.  The cost of each fuel is 
defined by production, collection/harvesting, processing, transportation, storage, and in some cases, fuel 
handling requirements.  Production costs can be especially high when dealing with dedicated energy 
crops and can vary drastically from one project to another. Variations stem from differences in the cost of 
agricultural land, soil conditions and climate and annual crop yields. Processing costs can also vary 
depending on the biomass stream.  For example forestry residues may require chipping to be usable in 
combustion equipment and manure and biosolids require anaerobic digesters for production of biogas.    
Where biomass feedstocks are by-products of other processes, such as forestry residues, manure and 
biosolids streams, crop residues and landfill gas, project economics can be significantly improved as long 
as electricity generation projects can be sited close to these streams and still have easy grid access.  If 
not sited close enough, transportation costs alone can render projects uneconomical. Energy density of 
fuels can also affect the net transportation cost per delivered kWh of electricity.  The amount of biomass 


























































































