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High Penetration Wind Diesel Systems

Ultimate Objective:

Reduce diesel consumption
Optimizing system performance
Reduce capital cost

Definition:

Peak Instantaneous (kW) 100-400%
Annual Average (kWh) 50-150%
*Ability to enter diesel off mode*
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Review of Wind-Diesel Classes
)

e 50-90% fuel
savings
e Capital Cost-High/

Capital Cost

e 15-50% fuel
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« Capital Cost-Mid y

Fuel
Consumption

e Up to 15% fuel
savings
« Capital Cost -Low/




Existing High Penetration Wind Diesel




Existing High Penetration Wind Diesel
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Savoonga, Alaska

Two NW100 installed October 2008

Up to 90% Iinstantaneous penetration during low
loads (at night in summer)

No secondary load

18% average wind penetration during first few
months
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2 X 65 KW = 130 KW

Two 65-kW Ergtegrity wind turbines
AC/DC rotary power converter-NREL

130 Ah SAFT Ni-Cad battery bank.' | ‘&
Two ielectrlc boilers (secondary Ioads)
PLC based maln system controller e
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« Class 7 wind resource

e Average wind penetration about 55%

St. Paul Island =



Hydrogen Hybrid Internal Comlk
Engine

Lease Rate $7,000/month per vehicle
Length of Lease 36 months

Fuel Capacity 30 kg H2 @5000 psi
Range 150 miles

Fuel Economy 4.4 miles/kg H2
Occupancy 12 passengers/bus

Maintenance Cost  $0.55/mi
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Total 3 year cost $2,281,932

H2 Production 32 kg/day
Capacity
Required 163 kW

Electrical Power

Annual Electricity 1,427,880 kWh/yr
Consumption

Annual Hydrogen 5,585 kg H2/yr
Consumption



Plug-In Hybrid Electric Vehicles

Cost per Bus

Battery Capacity

All-Electric Range

Charge Sustaining
Fuel Economy

Occupancy

Maintenance Cost

$243,301
35 kWh
12 miles

9 miles/gallon diesel

22 passengers/bus
$0.55/mi
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Total 3 year cost
Required Electrical Power

Annual Electricity
Consumption

Annual Diesel
Consumption

$1,312,571
20 kW

4,500kWhyr

1,378 gallon/yr




Total 3 year cost $987,100

Required Electrical 50 kW
Power

Annual Electricity 18,750kWh/yr
Consumption
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Annual Diesel 833 gallons/yr

Consumption
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Cost per Bus $315,000
All-Electric Range 45 miles

Occupancy 22 passengers/bus
Maintenance Cost  $0.55/mi

Electric Vehicle plus Diesel ICE



Occupancy
Tour Route Mileage

Residential Route Mileage

Total Annual Mileage

Project Specifications
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15-20 passengers/bus
100 miles -100 days a year

40 miles year round

24,600 miles/year

Vehicle Assumptions

Ford H2ICE Shuttle
available only on 3 year
lease

Fuel economy and
Capacity

| Maintenance Cost
Annual Electricity
-~ Consumption
"_-l
~ Annual Hydrogen

2 vehicles at $7,000/month |

each

4.4 milkg H2
30kg H2 @ 5000psi

$0.55/mile

1,425 MWh

5,585 kglyr

" Consumption

Available Wind Energy
Estimated Cost of Diesel
Wind Resource

Average Power Density
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Hydrogenics Hystat-30

Electrolyzer Efficiency

System Components
H2 Production Capacity

Required Power to
Electrolyzer & Compressor

Hydrogen LHV
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440 kg/m”3

H2 Assumptions

Resource Assumptions

1,500 MWh/year
$8.00/gallon

Class 7

67%

$1,355,000
32 kg/day

162kwW

33 kWhlkg




Proposed High Penetration Wind Diesel




Proposed High Penetration Wind Diesel

Buckland, Mekoryuk,

R Deering, Noorvik

Toksook,

NS Quinhagak

e Secondary Load | e Secondary Load |
5 « Energy Storage « Advanced

= * Advanced | Controls |
Controls

e Energy Storage
e Secondary Load l

 \Waste Heat
Recovery

e Secondary
Load

i P e Smart Grid
* Flywheel

AL -
N Alaska Center for Energy and Power




| +|

e e

e S =
s

7>

e

Ik




Secondary Loads/Energy Storage

Energy Storage

Batteries/Pumped Hydro/Compressed Air

Hydrogen
Thermal Uses

Space Heating

Water Heating

Power Generation (ORC/Ammonia Power Cycle)

Absorption Chilling (Ice making-Air conditioning)
Transportation

Plug-in Hybrid Electric Vehicles (PHEV)

Electric Vehicles: ATVs and Mass Transit

Hydrogen Internal Combustion Engine
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Kotzebue

Average Load 2500kW
Installed Wind Capacity 1.14MW (Annual average 8% total kWh)
Plans to increase wind capacity to 4 MW
Vanadium Red-ox Flow Battery from Prudent Energy
Phase One: Battery Power 600kW and Battery Storage 1800kWh
Phase Two: Battery Power 1200kW and Battery Storage 2700kWh
Waste Heat Recovery with 150kW Ammonia Power Cycle Power Plant

GO0 kW x 3 hr with Increased Wind

LA\ |Metric Value
J;;;}\_F resent Warth 512,661,682
S5 - annual Worth 613,802/yr
" #.th& :Flrﬂurn on Investment B2.90%
T Internal Rate of Return B1.10%
2 ACEP :Si.mpls_' *avback 1.23 yrs
Discounted Payback 1.31 yrs




Kotzebue

Average Load 2500kW
Installed Wind Capacity 1.14MW (Annual average 8% total kWh)
Plans to increase wind capacity to 4 MW
Vanadium Red-ox Flow Battery from Prudent Energy
Phase One: Battery Power 600kW and Battery Storage 1800kWh
Phase Two: Battery Power 1800kW and Battery Storage 2700kWh
Waste Heat Recovery with 150kW Ammonia Power Cycle Power Plant

System Initial COE Renewable Estimated
capital Fraction diesel usage
cost | (MRWhi) (%)  (liter/year)
400xW x 0.6Ehr = 1800KWhr SE.RBTTM 0. 356 18% 0.630M

1200w x 1.30 hr = 1800V 54.65TM 0.354 2% 2.61ZM

Mo VEB-ESS 30 0.444 189% B.175M
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Northwest Arctic Borough ...

»  Average Load 250kW-2010
Install NW100s

v

»  Zinc Bromide Battery from Premium

Power with Secondary Dump Load

> Battery Power 50 kW
> Battery Storage 50 kWh
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Deerng Buckiand Noorvik
Average annual wind speed r.2mis 6.6 m/s 9.8 m/s
Wind plant capaciy factor 29.1% 25.9% 16.0 %
Total installed wind capacity 200-k\Y J00-kW J00-K'\W
Annual wind energy generated | 510 MWh 682 MWh 473 MWh
Total generated In FY20073 710 MWh 1423 MWh 1992 MWh
Transmission line length 1.5 miles a miles | 0.5 mile
Transmission line cost §525 000 §1,750,000  §175.000
Total installation cost $1,926.100 | §3.597 . 2V5  §1.,612.,800
Equity payback 1.6 years | 13.6years | 11.8 years
Benefit-cost (B-C) ratio 1.72 1.27 - 1.68
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Mao. ol kWhi'Yr Equiv. FY2007 Diesal Reduction Cast of fuel Avoided
Tur- Diesel Gallons Used in Diesel Cost/Yr.
bines Gallons for Power FuelYr.
Generation
Buckland 3 632 00d 54 560 113,708 45% g§4.25/0al $231,880
Daerng 2 510 00d 40,300 G2 3738 B5% §4.25/0al 173,400
Maoorvik 3 473,000 37 840 149 559 25% §4.25/0al £ 160 820




Quinhagak, Mekoryuk, and Toksook

v

AVEC villages-installed
summer 2009

Average Load 250kW
Install NW100s

No Energy Storage
Secondary Loads-Bollers
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Alternate Energy Storage:
St. Paul Island and Kodia

St. Paul- Hydrogen

Kodiak Electric Assoc. Pumped
Hydro




Energy Storage (kWh) Comparison

Method $/kWh Power (MW) Efficiency Lifetime Discharge
(hours) Time (hrs)

Pumped 250-260 20-2,400 76-83% 11,000+ 10
Hydro

Compressed 550-650 110-290 50-75% 11,000+
AlIr

NaS (NGK) 2,500-4,500 .05-50 70-80% 3,000+
Ni-Cad 610-1,700 .01-27 60-65% 1,000+

Premium 350-400 : 70% 30 years
Power

ZBB 1,070 : 77-78% +2,000 varies
cycles

Prudent 1637 85% 10,000+ varies
Energy cycles




Power Stability (kW) Comparison

Method $/kW Power (MW) Efficiency Lifetime Discharge
(hours) Time (min)

Lead Acid 1,050-1,890 .01-10 70-75% 250+ 15

Flywheels 2,500-4,000 .5-1 90-95% 500,000+ 15

Super n/a : 90-98% 500,000+ Seconds

Capacitors

NER 3,000-4,000 . 70-80% 3,000+ 300
Batteries

Li-lon 1,000-4,500 . 90-95% 20,000+ 15
Batteries

Lead Acid 1,050-1,890 . 70-75% 250+ 15




Premium Power-Zinc Bromide

Power Conditioning Systems
& System Controller

TransFlow 2000 — Main Subsystems

- Alaska Center for Energy and Power




Zinc Bromide
7BB /BB Energy

energy corporation




Prudent Energy
Vanadium Red-ox
Flow Battery







Thermal enclosure

pole  Main
pale

Sodium Sulfur Batteries, NGK
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Sodium Sulfur Batteries, NGK

Load Discharge
Battery Cell @ L ——
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Sodium Sulfur Batteries, NGK

M Electric power demand

@ Load leveling

Energy supply

Load curve
Powar gmaraﬁm

Energy storage
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For more information visit:

www.uaf.edu/acep

Katherine Keith
Wind Diesel Application Center
Alaska Center for Energy and Power
University of Alaska

907-590-0751
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