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•

 

Installed global power generation capacity will increase 41% over the 
next decade, from 4,500 GW to 6,400 GW

•

 

Non-hydro renewables led by WIND, will be the largest source of 
capacity additions during this time period

•

 

Installed renewables capacity is expected increase from 274 GW in 
2008 to 1,160 GW in 2020, a 13% compounded annual growth rate 

•

 

Installed nuclear capacity will increase from 375 MW to 537MW, 
despite 50 GW of capacity being decommissioned in the same period

•

 

Fossil fuel-fired power capacity will slowly rise to 3,500 GW by 2020.

•

 

Biofuel capacity expected to increase to 36 Billion Gallons per year in 
2022.

Alternative Energy



Alternative Energy
•

 

In 2007, for the first time ever, renewable energy was the leading 
source of electric generation capacity installed in the US.

•

 

The global revenues for solar photo-voltaic, wind power and bio- 
fuels expanded from $75,8 bn in 2007 to $115.9 bn.
•Wind Power alone generated $50 bn

• In 2008: 
• Solar energy industry grew by    +16%
• Grid-tied PV capacity increased +58%
• Solar water heating capacity increased by +40 %

North American Green Energy Magazine, March/April 2009
Clean Energy Trends 2009



Alternative Energy

Incentives and other Governmental Initiatives
•

 

Strong Federal emphasis: rapid deployment of alternative energies
•

 

Solar technologies preferred
•

 

The Stimulus Bill includes $70 bn in direct spending and tax credits
•

 

In addition, there is a maze of additional grants available 
(in California alone over 150 options)

Renewable Federal Programmes
•

 

Investment Tax Credits
•

 

Renewable Energy Cash Grants (Treasury)
•

 

“Qualifying Advanced Energy Project Program” 
(Renewable Energy Manufacturing Investment Tax Credit)

•

 

Bonus Depreciation Deduction
•

 

Other Selected Renewable Energy related Appropriations 
(totaling USD 30 billion)

http://dsireusa.org/incentives/index.cfm?re=1&ee=1&spv=0&st=0&srp=1&state=CA


Federal legislation in preparation: carbon dioxide emissions
•

 

Cost to fossil fuel industries $646 billion through 2019.
•

 

Currently includes a cap-and-trade program, capping emissions 
20% below 2005 levels by 2020 and 83% by the mid century

The EPA’s Proposed Mandatory Greenhouse Gas (GHG) Reporting Rule

The Chicago Climate Exchange:
•

 

Voluntary and legally binding, greenhouse gas emission reduction 
and trading system.

SB 1368 Emission Performance Standards:
•The Californian law Senate Bill 1368 
•limits long-term investments in base load power generation. 

Carbon Credits



2007 Estimated green power sales by energy source

Source: Green Power Marketing in the United States: A Status Report (11th Edition) Oct 08



•

 

Over the next decade, renewables will significantly expand its 
share of installed power capacity as carbon policies shift the 
power generation investment landscape

Examples 
•

 

UK by 2020 40% electricity by renewable sources
•

 

US by 2030 20% electricity by Wind power which equates to 
16,000 MW per year to 2030

•

 

India by 2020 - 20,000MW from Solar   

Alternative Energy



Alternative Energy

Wind
Biofuels

Solar Thermal



Wind



A strong wind blowing….



Global Wind Project Market



Onshore vs. Offshore



Outsourcing Decisions



Cost of systems



Wind Industry Trends
•

 

Explosive Growth in Asia and North America
–

 

Technology & Supply Chain partnerships
–

 

UL/CSA Experience
•

 

Supply Chain Excellence
–

 

Panel Outsourcing
–

 

Kitting, Vendor Managed Inventory
•

 

Larger Wind Turbines & Larger Wind Farms
–

 

More valuable assets to protect
–

 

Remote Monitoring 
–

 

Medium Voltage Inverter Technology
•

 

Reliability
–

 

Extended temperature range, Conformal Coating
–

 

Advance Diagnostics and Remote monitoring of all WT variables.
–

 

Advanced algorithm development
–

 

Increased emphasis on Safety



Average Wind Turbine Size
5MW

•

 

Average size of wind turbines is increasing

 

each year
•

 

North American/Europe  ‐

 

highest volume was 1.5 MW in 2006 – moved to 2.5MW in 

 
2008‐09

•

 

Asia growth is accelerating with 1.5MW and 2MW 



Two Prevalent Wind Turbine Generator Technologies

•

 

Direct Fed Generator / Converter

–

 

Becoming more common in large European manufacturers

–

 

A higher percentage are low voltage drives but medium voltage is

 becoming attractive on larger Wind Turbines (> 5 MW)

•

 

Doubly Fed Induction Generator (DFIG) / Converter 

–

 

Currently a large share of wind market

–

 

Most common architecture in Asian (>85%)

–

 

Prevalent in Europe though Direct Fed is becoming dominant 

 technology 

–

 

exclusively low voltage drives
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Doubly Fed Induction Generator (DFIG)

Torque speed curve of a 2MW DFIG
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•

 

Electronic converter fully controls generator torque

•

 

Magnetizing current is supplied through the rotor terminal

–

 

Inverter size is approximately 30% of full turbine rating

•

 

Speed can be changed by 40%, therefore maximum power production is achievable

•

 

Very fast torque control ‐‐

 

5‐50ms response time depending on the type of control 

•

 

Aerodynamic fluctuation can be filtered before entering the generator

•

 

Will require some maintenance of the slip rings
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Direct Fed Generator (Full Power)

•

 

Direct fed power converters handle full generator power

–

 

This allows for good power factor control

•

 

Gearbox can be avoided if a multi‐pole synchronous generator is used

–

 

e.g. Enercon

 

turbines with 64 poles 

•

 

DC‐link totally decouples the generator from the grid

–

 

Grid frequency is decoupled, wind turbine can operate at any rotor speed

–

 

Grid voltage is decoupled, change in grid voltage does not affect the generator dynamics



Rockwell Automation DFIG Solution

•

 

DFIG Converter in development

–

 

Having Premier Integration allows access to all Converter parameters via Ethernet IP for 

 
remote monitoring and troubleshooting with no programming.

–

 

You don’t have to go up the tower to look at all the Converter diagnostics/parameters  

–

 

1.5MW & 2.0MW DFIG inverter with Ethernet IP

–

 

Development of  MV and LV Fully rated converters for future

Ethernet/IP Card 
(w/ AOP code)

+ =

DFIG Wind 
Power Structure

Rockwell Automation
Wind Turbine Converter 

with “Premier Integration”



Wind Farm Products and Capabilities
•

 

Rockwell Automation can provide several products 

 
and services for Wind Turbines  

–

 

Power and Safety Components

–

 

Wind Farm Management

–

 

Networks

–

 

Turbine Blade Pitch & Hub Safety Control

–

 

DFIG Converters

–

 

Condition monitoring



Wind Turbine projects –
 

What Really Matters

•

 

Faster Time to Market

–

 

Shorter design, test and commissioning cycles

–

 

Provide custom machinery within standard build cycle

•

 

Lower Total Cost to Design, Develop, and DeliverSM

 

(TCD)

–

 

Reduce costs involved in machine production

•

 

Use standard components

•

 

Reusable Engineering content

•

 

Outsourcing

•

 

Improved Machine Innovation, Throughput, and Performance

–

 

Competitive machine requirements increasing

–

 

Focus on reliability and OEE effectiveness

•

 

Product Lifecycle Management

•

 

Global support

Total Cost to Design, Develop, Deliver (TCD)  vs. Total Cost of Ownership (TCO)Total Cost to Design, Develop, Deliver (TCD)  vs. Total Cost of Total Cost to Design, Develop, Deliver (TCD)  vs. Total Cost of Ownership (TCO)Ownership (TCO)

Direct Costs 
Indirect Costs



Biofuels



BIO FUELS 2009 AND BEYOND

•Bio fuels are developing faster than ever before.

•Bio fuels technologies today are so much broader than 5 years ago.

•The interest in Bio fuels by the major oil and chemical companies has 
increased significantly over the past few years.

•New Bio fuels sources from Algae are beginning to emerge.

•Many companies are announcing large gains in production yields.

•Which companies and technologies will prosper ?

•Will enough investment funding be in place to achieve the goals?

•Will the oil price, technology development, government incentives drive 
the bio fuels industry to a financially sustainable industry?



Renewable Fuels Standard

•
 

RFS2 (May 26, 2009) – Sets the strategy for achieving 
 mandates set forth in EISA of 2007. (Energy 

 Independence and Security Act)
•

 
Mandated US transportation fuel to include 21 billion 

 gallons of advanced Bio fuels by 2022.
•

 
4 unique categories of renewable fuel. 

•
 

GHG emission threshold.
•

 
Feedstock to meet renewable definitions.

•
 

In 2015 and thereafter, the maximum amount of corn‐
 based ethanol that can be applied to the overall RFS is 
 15 billion gallons. 

•
 

The cellulosic Bio fuel requirement starts in 2010 at 0.1 
 billion gallons and rises to 16 billion gallons in 2022



Renewable Fuel Categories

GHG Emissions are defined as the aggregate emissions attributed to ALL components of fuel 
production and use, including feedstock production and distribution, delivery, use and significant indirect 
emissions from land use change.



Types of Technologies – Cellulosic Ethanol

A key to developing cost‐competitive 

 
cellulosic biofuels

 

is reducing the processing 

 
and capital cost and improving the efficiency 

 
of separating and converting cellulosic 

 
biomass into fermentable sugars. 

•

 

Biochemical Conversion

 

‐

 

Biomass is broken 

 
down to sugars using either enzymatic or 

 
chemical processes and then converted to 

 
ethanol via fermentation

•

 

Thermochemical

 

Conversion

 

‐

 

Biomass is 

 
broken down to intermediates using heat 

 
and upgraded to fuels using a combination of 

 
heat and pressure in the presence of 

 
catalysts 

–Gasification
–Pyrolysis

 

/ Reaction

•

 

Algae

Significant recent strides with oil yield per 

 
acre significantly higher than land crops. 

 
Large global research projects with 

 
commercial projects within a few years.

http://www1.eere.energy.gov/biomass/biochemical_conversion.html
http://www1.eere.energy.gov/biomass/thermochemical_conversion.html


Global Biofuels Capacity Projection

•

 

Global production will reach almost 46 billion gallons per year by 2015 –

 

about 5% of global 

 
transport pool from 21.5 billion gallons per year

•

 

US (North America) bio fuels production will increase from 9 billion gallons in 2008 to 18 

 
billion gallons in 2015 per year

•

 

Largest increase of bio fuels by volume will be in US (North America)

US Biofuels Mandates
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US Biofuels Capacity Projections
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US Biofuels Mandates

•

 

US Bio fuels production will grow at CAGR 10.6% from 9 billion gallons in 2008 to 36 billion 

 
gallons by 2022

•

 

Cellulosic ethanol is the fastest growing among bio fuels grow from nil to 100 million 

 
gallons in 2010, 3 billion gallons in 2015 and 16 billion gallons by 2022 



Oil Price at which Fuel Sources Feasible

•

 

At lower oil price (bottom of bars), investment is uneconomic and will proceed only with government 

 
regulations or incentives 

•

 

At higher oil price (top of bars), technology/energy source will

 

be commercially viable
•

 

The larger the bars, the greater the range of variations or uncertainty in costs
•

 

All figures shown do not include any subsidies such as US production tax credits or costs on CO2 

 
emissions as in EU’s emissions trading scheme   

US
Cellulosic
Ethanol
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Ethanol in Gasoline Pool

•

 

Gasoline demand growth is now expected to average less than 0.5%

 

through the decade, with demand entering a 

 
declining period after 2015 

•

 

Gains in per capita demand for gasoline are expected to decrease

 

over the forecast period, largely as a result of 

 
efficiency improvements, despite modest increases in per capita miles traveled and the driving age population

•

 

It is anticipated that ethanol would grow to just under 10% of the gasoline pool by 2013
•

 

If technological breakthroughs allow cellulosic ethanol to be produced competitively, then the contribution could 

 
increase
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Corn vs Cellulosic Investment Analysis
For 1 Gallon Ethanol Production

$0.5

$1.0

$1.5

$2.0

$2.5

$3.0

Corn Based Ethanol Cellulosic Ethanol

Feedstock +$0.9

Ethanol Wholesale Costs - $1.49/gallon

IRR – 15%IRR – 13%

Capex

 

for 50 MGY

+$260M

+$1.6

-$1.01

Feedstock +$1.25

Ethanol Wholesale Costs - $1.56/gallon

Capex

 

for 50 MGY

+$130M

+$0.56

-$0.25

Tax 
Incentive

Opex

Opex

Ethanol Price - $1.7/gallon



What next

•
 

2010 –

 
Increased Cellulosic Project announcements.

•
 

Construction will start on some major projects.
•

 
Algae pilot and demonstration facilities will start getting more

 attention.
•

 
Technology winners may start to emerge in the next few years.

•
 

Broad range of advanced bio fuels will go ahead based on 

 regional and feedstock advantages.
•

 
More major oil and chemical companies will start to invest. 

 Examples of this during recent years are:
–

 
Shell / Iogen

–
 

DuPont Danisco
–

 
BP / Verenium

–
 

Exxon Mobil / Synthetic Genomics Inc.
–

 
Valero

•
 

With Corn Ethanol production increases slowing, the next growth 

 phase of advanced bio fuels will start taking traction in 2010.



Solar



World Thermal Solar Power Market

Near EastNear East



Technical Alternatives of Solar Thermal Applications

Linear Fresnel

�Parabolic Trough

Line focusing 
(2D)

Parabolic Dish

�Central Receiver/Tower

Point focusing 
(3D)



Linear Fresnel�Parabolic Trough

Parabolic mirrors 
concentrate solar 
energy on tubes
(2D) 

Tubes mounted in 
optical Focus

Flat mirrors 
concentrate solar 
energy on tube
(2D)

Stationary Tubes 
mounted above the 
mirror

Parabolic Dish

Parabolic dish 
concentrates 
energy on receiver
(3D) 

Centrally mounted 
receiver powers 
Stirling engine

Central Receiver/ 
Tower

Heliostats 
concentrate solar 
energy on receiver 
(3D)

Receiver in tower 
heats salt, water or 
air

Operating Temp. 662 – 752 °F 536 – 752 °F 1022 –

 

1112 °F 1382 °F

Efficiency 13 –

 

16% 8 – 11% 15 –

 

18% 18 –

 

22%

Storage Molten Salt Molten Salt Molten Salt NA

Size (2008)

 
[MWe]

50 – 250 10 – 30 11 – 20

 
(single tower)

10 – 25 

 
(single dish)

Technical Alternatives of Solar Thermal Applications
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Market Players

Technology 

Development

Component 
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Solar Project List in US

http://www.seia.org/galleries/pdf/Major%20Solar%20Projects.pdf

http://www.seia.org/galleries/pdf/Major Solar Projects.pdf


The End

No,No,  
This Is The BeginningThis Is The Beginning
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