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Cost variability and change
Cost drivers:

– Definition
– Project activity 
– Project funding

• Cost analysis:
– Progress this year
– Future needs

• Questions

Outline



April 16th

Summary

• Deployment to date:
– Utility scale – substantial base plus project development
– Community scale – pilot projects and regulatory barriers
– Building scale – PV approaching energy significant phase

• RE resource and technology base – diversity and 
endless variation

• Consultant study is designed to:
– Improve cost baselines used in biennial analysis
– Bridge to more comprehensive analysis addressing value/cost 

relationships and total system cost vs. plant cost
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Recommendations

• Initiate in-depth future-oriented cost analysis
– Focus on major contributors to least-cost future mix
– Understand global market trends and dynamics

• Modeling of integrated energy system cost 
– Renewable energy supply contributions at all levels
– Natural gas as an enabler vs. alternative 
– Whole system optimization capability 



Multiple 
moving targets

Renewable energy cost analysis must account for resource, 
technology, applications, technology and industry maturity and 

scale diversity, all of which drive project finance diversity.  



What is a cost 
driver?

• In activity based costing (which states that products
consume activities and activities consume resources) a 
cost driver is any factor which causes a change in the 
cost of an activity.  

Source: BusinessDictionary.com

• Production of electricity is an activity that consumes 
resources.

The basic questions of renewable energy deployment, i.e. 
when and how much, hinge on forecasts of future costs, hence 

on the factors that will drive cost evolution.

http://www.businessdictionary.com/definition/activity-based-costing-ABC.html
http://www.businessdictionary.com/definition/state.html
http://www.businessdictionary.com/definition/product.html
http://www.businessdictionary.com/definition/activity.html
http://www.businessdictionary.com/definition/resource.html


Experience enables - and competition 
drives - energy capture/conversion 

improvements, scale-up, and 
value/cost innovation.

• Experience
– Engineering
– Procurement
– Construction

• Competition 
• Energy Examples:

– Capture geothermal
– Conversion biomass 

• Scale
– Plant solar thermal
– Equipment wind
– Manufacturing solar PV

• Value/Cost Innovation high temperature storage

Project activity
cost drivers
Energy Supply
Cost Drivers



Commercial 
Technology 
Menu

KEMA Task 1 scope:
• Recommend RE technologies for detailed analysis:

– Utility scale (>20MW)
– Community scale (1-20MW)
– Building scale (<1MW)

• Identify primary commercial embodiment of 
commercially deployed options…

Relatively accurate current cost assumptions can be developed 
for options in commercial use.  Project scale matters.  



• Added to options commercially deployed at scale:
– Solar thermal with high temperature storage
– Biomass co-firing
– Hydro capacity upgrade
– Class 5 wind

• Potential future menu additions:
– High concentration solar thermal and PV
– Deep water wind
– Wave
– IGCC
– Nuclear

2009 Menu 

Differentiating according to scale and commercial experience 
significantly shortened the utility scale renewables menu.   



Utility-scale 
RE Menu



Cost 
Build-up

In Task 2 KEMA identified as cost drivers a mix of important 
cost elements and influences

Geothermal
Flash Solar PV



Current costs
and ranges

In Task 3 KEMA identified plausible average, minimum and 
maximum current costs for each renewable energy grouping



Progress
ratios

In Task 4 KEMA used Task 3 information to assess the weighted 
impact of each cost driver and determine a weighted average 

progress ratios for each technology grouping.  



Cost
trajectories

In completing Task 4 KEMA used estimates of future installed 
capacity and modified progress ratios in the standard 

experience curve formula to adjust forecasted yearly costs.



Capacity 
trajectories

The expected relative effect of experience on future costs can 
be inferred from renewable energy capacity data.  Fast growing 

renewable energy industries are likely to achieve faster cost 
reduction than more stable and slower growing counterparts.

Renewable Energy
Capacity Growth Rates
2002-2006



Validation

KEMA’s Task 5 included efforts to validate estimates of current 
costs based on consistency with market pricing and other 

benchmarks.  Only indirect indications of market pricing were 
obtained; other comparisons suggest a need for confirmation 
that the Commission’s LCOE cost and financing assumptions 

accurately represent successful projects in each major industry.

Solar PV



Project Scale

• Community and Building Scale cost analysis results 
(Task 6) coming up in the afternoon.

• Tasks 5 and 6 will be included in a PIER final report.
• Tasks 1 through 4 are included in a draft interim PIER 

report.
• Comparison of building, community and utility scale 

results for could yield better understanding of project 
scale as a cost driver.

Project scale economies for major technology groupings were 
not explicitly identified. 



LCOE Drivers

Debt and equity costs were impacted by financial melt-down, 
recession, and stimulus legislation; LCOE impacts are strongly 
driven by volatile and industry-specific weighted average costs.   



• Focus on options where cost experience can inform 
estimates

• Identification of emerging options to monitor
• Scale of representative projects reflects market
• Recognition of the full renewable energy menu from 

building to utility scale
• Cost ranges from technology specific cost build-up
• Use of experience curves to assess future costs
• Costs for renewable heating and cooling
• Reference to other recent cost studies and pricing 

benchmarks 

Progress



Future Needs

• Better cost build-up accuracy for high penetration 
renewable options at all deployment scales 

• Attention to project value and annual electricity system 
delivered energy cost vs. undifferentiated project kWh 
cost 

• Identify and account for project finance model variations 
among major renewable energy technology groupings

• Identify competitive project cost ranges
• Cost forecasting:

– More consistent forecasting model “cost driver” definition
– Further refinement of cost forecasting model
– Validate progress ratios for high growth industries
– Refine and validate community and building scale project costs
– Address storage-coupled variable renewable energy projects



Questions

• Need for organized on-going monitoring of renewable 
energy industry progress and project costs?

• Need to monitor/forecast changes in weighted average cost 
of capital for renewable energy projects?

• Expand efforts to validate LCOE modeling results?
• Does LCOE of fuel based options have a tighter range of 

variability than commercially active renewable energy 
options?

• Possible to address cost and value of variable renewable 
sources in an integrated way? 

• How best to secure review of cost assumptions and model 
results by active market participants?   



Thank you!
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presentation 
addressing 
renewable 
energy cost 

drivers and cost 
variability
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Outline

• Renewable Energy Options
– Scale
– Readiness
– Diversity

• Cost Data Development
– Research Context
– Study Design

Presentation purpose:  Provide market and technology 
context for renewable energy cost data
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Issues

• Cost estimation in the context of:
– fast changing cost drivers
– proliferating options

• Metrics and methods for evaluating:
– variable resources
– community- and building-scale options



Renewable Energy Technology 
Menu



Commercial vs. Emerging –
Technology Perspective



Commercial vs. Emerging – California 
Industry Capability Perspective
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Dimensions of Diversity 
• Resource

– Quality
– Location

• Resource Conversion Technology
– Resource conversion technique
– Variations on basic technique
– Conversion efficiency/Energy Capture
– Enabling technologies

• End Product or Service
– Electricity, fuel, heat, etc.
– Hybrid systems

• Equipment
– Manufacturing scale
– Materials price
– Global market dynamics

• Plant 
– Scale 
– Functionality
– Equipment modularity

• Economic
– Customer requirements
– Avoided cost
– Finance model
– Tax

• Deployment Experience
– Industry Strength and Maturity
– Standardization

New ball game –
extremely diverse 

menu of renewable 
energy solutions that  

vary in several 
dimensions, affecting 
cost, price, risk and 

economic value.
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The challenge of COG 
data development is 

dealing with a large flock 
of moving targets each 
following its own path.
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Resource Quality

Wind Concentrating Solar

Average annual resource intensity is an indicator, not an 
answer.  Local resources vary and in some cases may change 

as the resource is used, e.g. geothermal.
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Technology – Variations
Concentrating solar power system concepts illustrate 

significant variations in conversion efficiency, 
scale-up risk, commercial readiness, etc.  
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Energy Capture
Wind speed/power output

relationships are not 
fully deterministic.

PV deployment involves
cost/efficiency trade-offs 

Source:  3TIER
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Enabling Technologies
Expect future solar and wind plants to include energy storage for 

purposes of economic optimization   
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End Product or Service

California Bio-Energy Potentials  (Source:  California Biomass Collaborative)

Like most renewable resources biomass can serve multiple end 
uses; the most profitable will drive innovation and industry 

growth.  Non-conversion costs drive plant location and scale.

Bio-energy Value Chain
•PRODUCTION
•HARVESTING/COLLECTION
•HANDLING
•TRANSPORT 
•STORAGE
•PRE-TREATMENT (MILLING..)
•FEEDING
•CONVERSION
•COLLECTION
•STORAGE
•DELIVERY
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Manufacturing – Scale

Sources:  http://www.iea.org/textbase/work/2007/learning/Nemet_PV.pdf, and Prometheus Institute

Manufacturing scale can drive learning curves, as with PV.
Thus, market size and growth can be significant cost drivers.

http://www.iea.org/textbase/work/2007/learning/Nemet_PV.pdf
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Manufacturing – Materials

Source:  Prometheus Institute

Renewable energy plants and components 
are materials intensive.  Global supply and demand constraints 

may impact both short and long term costs.
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Plant Scale

R2 = 0.3643
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Source:  California Geothermal Energy Collaborative

Costs and efficiencies of thermal power plants improve 
with scale, but resource delivery and project development 

costs may tip the balance toward smaller plants.
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Plant Functionality

Configuring renewable energy plants 
to minimize overall electric system 
cost will be enabled by a range of 

technical integration solutions, e.g. 
thermal energy storage.
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Equipment Modularity

Some emerging renewable energy technologies may require 
profitable entry and intermediate markets in order to 

gain commercial experience leading to cost eductions.

50kW Walnut Shell Gasifier 25kW Solar Dish w/Stirling Engine
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Economic Context

Project finance – wholesale 
avoided cost purchase

User finance

Installer finance – retail 
avoided cost purchase
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Deployment Experience
A tale of death and taxes, solar thermal power 

deployment experience in California 
also illustrates a cost reduction strategy based on plant 

replication, incremental innovation and scale-up. 
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Issues Redux - 1

Issue:  Cost estimation in the context of fast changing 
cost drivers and proliferating options

Response:
• Initiate in-depth future-oriented cost analysis

– Focus on major contributors to least-cost future mix
– Understand global market trends and dynamics 

• Expect analytical contributions from California 
Renewable Energy Collaboratives
– Commission-funded through PIER
– Cost analysis included in 2 year work scope
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Issues Redux - 2

Issue:  Metrics and methods for evaluating 
variable resources and community- and 
building-scale options 

Response:  Integrated energy supply models 
– Renewable energy supply contributions at all 

levels
– Natural gas as an enabler vs. alternative 
– Whole system optimization capability
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COG Project Data Development

• Study design:
– Simplify by focusing on commercially established 

options
– Assess potential for future technology shifts
– Sanity check cost estimates using pricing data
– Model evolutionary changes 
– Preliminary look beyond (i.e. below) utility scale
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Summary
• Deployment to date:

– Utility scale – substantial base plus project development
– Community scale – pilot projects and regulatory barriers
– Building scale – PV approaching energy significant phase

• RE resource and technology base – diversity and 
endless variation

• Consultant study is designed to both:
– Support EAO IEPR efforts
– Bridge to more comprehensive analysis of future costs  



Supplemental 
charts



Relative to 2007 
IEPR…

• Hydro
– Lower mitigation costs for existing hydro sites
– Lower capacity factor for hydro

• Lower solar PV single axis instant costs 
– 25MW (2009) vs.
– 1MW (2007)

• Ocean wave
– 40MW plant commissioned in 2018 (2009) vs.
– O.75MW commissioned in 2007 (2007)

• Wind 
– Class 5 on-shore and off-shore commissioned in 2009 and 2018 

respectively (2009) vs.
– Class 3 and 4 on-shore (2007)

• Other – higher IGCC capacity factors and higher nuclear 
instant costs 



Reference to 
CPUC/RETI

Differences from CPUC/E3
• Include costs for utility scale single axis PV
• Higher solar thermal instant costs
• Class 5 wind capacity factors vs. classes 3 and 4
• Spike in construction cost inflation not assumed
• Cost of transmission and voltage conversion to first local 

interconnection point
• “Firming costs” (CTs needed to reach 90% availability on 

peak) not assumed for small hydro and wind
Differences from RETI/B&V
• General consistency except single axis PV costs are 

lower



Facts of RE 
Project Finance

1. RE projects are capital intensive.
2. Capital is allocated according to risk and return.
3. Perceptions and allocations of risk determine the cost 

of project capital.

Risks Opportunities
Project capital cost Lenders
Project operating cost Owners
Project revenue Builders

Manufacturers
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