
Small RE systems: performance 
versus prediction.

Curt Elmore
Associate Professor, Geological Engineering

Senior Investigator, Energy Research and 
Development Center

elmoreac@mst.edu

Federal Remediation Technology Roundtable
Washington, DC.

May 13, 2010
1

mailto:elmoreac@mst.edu


Outline
• What’s a small RE?
• Wind

– Regional
– Site-specific

• PV/solar
– Regional
– Site-specific

• How well does it 
work?
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Small RE systems

• Residential 
systems
– Typically 10 kW 

or smaller
– Grid inter-tie

• Predictions for off- 
grid

– 240 VAC (single – 
phase)
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Wind turbine model
• Turbine power curve
• Wind velocity at hub
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Power curve

Source: Raum Energy 5



Wind velocity – perfect world
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Product = energy
Wind Speed  

(m/s)
Power (kW) at sea 

level
Time 
(hr) Energy (kWh)

0 0.00 3.8 0
1 0.00 44.2 0
2 0.00 80.4 0
3 0.14 102.9 14.40821266
4 0.43 109.9 47.26807999
5 0.88 103.3 90.91813408
6 1.51 87.5 132.1186068
7 2.35 67.6 158.898306
8 3.43 48.0 164.7914505
9 4.80 31.5 151.394866
10 6.42 19.2 123.2306923
11 8.21 10.9 89.11602135
12 10.02 5.7 57.25120445
13 11.37 2.8 31.87387155
14 11.76 1.3 15.09180992
15 12.06 0.5 6.616055375
16 12.14 0.2 2.660317411
17 12.15 0.1 0.994337542
18 12.10 0.0 0.345907509
19 11.92 0.0 0.111379452
20 11.44 0.0 0.032702727

720.0 1,087.1 7



Reality
• Estimate wind 

velocity 
frequencies

• Estimate change 
in velocity from 
measurement 
height to hub 
height

• Estimate losses
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Where do we get wind velocity 
data?

• Maps
• Databases
• Measurement
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FNOP Case Study
• 10 kW Bergey 

XLS – January 7, 
2004

• Converted to 7.5 
kW battery 
charge – 
November 23, 
2005

• Groundwater 
circulation well

10



Wind map for initial estimate

Study site

Source: Elmore et al. (2004) 11



Database for second estimate

Source: Elmore & Gallagher (2009)
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Site-specific measurements

13



Comparison of predictions

Wind map 
(Annual)

Database
(Annual from

12 yr of record)

Site specific 
monthly 
average

(3/05 – 7/07)
Velocity 5.35 m/s @ 10 m 3.73 m/s@ 3 m 5.36 m/s @ 25 m
Hub velocity  at 
30 m (m/s)

6.26 5.18 5.50

Predicted energy 
(kWh)

12,015 6,055 8,439

Actual annual 
energy average 
1/04-7/05 (kWh)

8,439
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Lesson learned?

• Beware of variability!

Source: Elmore & Gallagher 2009 15



Consider stochastic analysis!

Source: Elmore & Gallagher 2009 16



Solar!

17



Solar geometry
• Function of position (latitude)
• Function of time (day, hour)
• Straight forward to calculate
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Basic design
• Where to locate?
• How many hours per day?
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Simple Model of Atmospheric Radiative 
Transfer of Sunshine

• SMARTS 
http://www.nrel.gov/rredc/smarts/
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Output
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PVWatts
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Expect variability!
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Guatemala feasibility study

29



30



31



32Source: Granich & Elmore (2009)



33Source: Granich & Elmore (2009)
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36Source: Granich & Elmore (2009)
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“Technical” conclusion?
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“Non-technical” benefit!
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Conclusions
• Expect random variability!
• If the answer is too good to be true ….
• Have reasonable expectations
• Costs aren’t everything

– Environmental remediation typically isn’t a 
revenue generator!
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