Low Maintenance Wind Turbine - LBNL IPP Program

Possible topics for GEC consulting,  11-14-02

1. Market for small wind turbines

a. What are the variables that control demand for small wind turbines?

i. Purchase price

ii. Installed cost – purchase price + site licensing, labor, etc.

iii. Operating cost – maintenance

iv. Price of alternative power sources

v. Interconnection barriers
vi. Zoning and permitting practices
vii. Subsidies

viii. Others?

b. Estimate worldwide demand as a function of price, w.r.t relevant variables

Sample format:

	Installed Cost / watt ($)
	Market size ($k)

	2.0
	100

	1.8
	348

	1.6
	1,055

	1.4
	2,786

	1.2
	6,400

	1.0
	12,800

	0.8
	22,286

	0.6
	33,779

	0.4
	44,572

	0.2
	51,200


i.  Estimated demand versus price for different size turbines:

1. 3, 6, 9 kw   (Customer installed units)

2. 10, 20, 30 kw

3. 30, 60, 90  kw   (Vendor installed units)

4. 70 Kw

5. 750 Kw.

I’m not sure GEC will have much to say about 1 (b) – this is a tough, tough issue. I’d love it if someone could provide an answer, but at what cost? at what level of precision? Seems like we should focus them on the technology issues and strategic questions of where VAWT fit into the overall wind market. I agree. Minor comment – since wind turbines under 50 kW have installed costs of $4/W today the table above should be re-scaled.
2. VAWT vs. HAWT technology - VAWTs are currently less successful than HAWTs in the U.S. and European markets.  Has this trend been driven more by technical or historical factors?

a. Technical issues – what are the engineering and operational issues that have caused companies to choose HAWT instead of VAWT technology?

i. Tower height

ii. Blade design complexity

iii. Analytic challenges

iv. Fatigue loading

v. Power conversion electronics

vi. Maintenance requirements

vii. Conversion efficiency

viii. Etc.

b. Historical issues

i. Tax credits? don’t think so
ii. Management issues 

iii. Zoning problems

iv. Marketing

v. Etc.

c. Modernization – how does technological advancement affect the VAWT vs. HAWT decision?

i. Direct drive alternators

ii. Blade technology

iii. Solid state power electronics – clean power

iv. Longer life mechanical bearings

v. Etc.

d. At what size level and in what applications do VAWT make the most sense?
e. Might want to add something about for which applications VAWTs make more sense than HAWTs.  For example, I have come across a few manufacturers of very small VAWTs who champion the virtues of their technology for urban applications – e.g., where wind speeds are low, turbulence is high, and towers for HAWTs don’t make much sense (small VAWTs can be attached directly to the sides or tops of buildings).
(2) is excellent. Just the kinds of Qs we need to ask GEC in my view. We should also ask them to review the SPECIFIC technology being contemplated by the Russians (as specific as we can!).
3. Industry experience

a. Who are the current competitors in the off-grid market and relative market shares?  Note:  I plan to provide information on potential competitors, though likely with only a rough indication of market share
i. < 10 kW – Bergey, others

ii. 30 kW

iii. 70 kW

iv. < 1 MW – no “offgrid” turbines of this size are sold
v. domestic

vi. developing world

b. What are the factors that determine the installed cost for turbines of less than 100 kW - relative magnitude of each?

i. Engineering R&D costs

ii. Turbine manufacturer overhead costs

iii. Manufacturing / material costs

iv. Technology licensing costs

v. Installation costs – zoning,site prep?

c. What are the factors that determine operating and maintenance costs for turbines of less than 100 kW - relative magnitude of each?

i. Maintenance of:

1. blades

2. generator

3. gearbox

4. bearings

5. etc.

ii. Operation

1. insurance?

2. monitoring infrastructure

3. transmission infrastructure huh?
d. What are the successful companies doing that others are not? 

e. Why have companies failed in the < 100 kW market?

i. Lack of demand

ii. Dynamic tax incentives

iii. Bad performance of turbines

I like many of the Qs asked above in (3)

4. Cost analysis

a. Is there a set of data that is normally used to compare the operating costs of wind turbines to alternatives? not sure what we are talking about here.    

b. What is the full cost of a diesel generator per watt when everything is included?

c. We have assumed the life of the windmill to be 20-30 years, but so far cost comparisons all focus on purchase cost.   Do customers factor in product life?  If so what is the typical calculation?

d. The majority of costs for operating equipment in remote locations is associated with transportation, installation and maintenance.  We have considered the following, have we overlooked or over emphasized anything?

i. Oversize parts should be avoided.

ii. Heavy equipment may not be available at the work site.

iii. Modular construction should be observed.

iv. Skills of the assembly crews are limited.

v. No one will be around in bad weather.

vi. Unscheduled repairs are expensive.

5. Potential Markets for small wind turbines – evaluate current size of market, barriers to entry, competition:  Note:  I’ll be providing some of this information on current and projected market size, at least domestically, though perhaps not broken out into as many specific categories
a. Remote off grid locations where cost of connection is prohibitive.

i. Construction sites.

ii. Pipeline battery charging

iii. Off shore rigs.

iv. Retrofit of old windmill towers.

v. Livestock watering.

vi. Remote villages.

1. Alaska

2. Siberia

3. Afghanistan

vii. Ranches

1. Mountain areas of USA – is this off-grid?
2. Australian outback

3. Latin America

b. In addition to energy production, energy reliability and storage are important factors.

i. Windmills combined with diesels can make sense when the cost of transporting the fuel to remote locations is high.  – this is just village power, above, and other apps. Is this a question for GEC?
ii. Windmills can be used to clean and desalt water (the water is a form of energy storage).  Potential customers.

1. Baja California 

2. Nevada, Utah Arizona.

3. Israel  

4. Arabia 

5. Third world locations with polluted water sources.

iii. Battery charging applications:

1. Cell phone relays

2. Pipeline controls.

3.  Remote monitoring equipment.

iv. Conversion of water into hydrogen and oxygen as a form of energy storage.

6. Other topics for discussion:

a. Top-down cost estimates for concepts that are explored over the next year

b. Engineering evaluation of conceptual designs - YES
c. Trade study of generator technologies

d. If VAWTs are not competitive below 100 kW, is there a power level at which they are?  Is there a point of diminishing returns for HAWT technology at higher power levels because of blade fatigue loading? - GOOD
