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Overview

* Project Start:  October, 2007 - Systems Analysis Barrier A:
* Project End: October, 2009 e Future Market Behavior
* Percent Complete: 70% « Production Barrier D:

» Feedstock Issues

Total Funding: $640k

« FYO07 Funding: $200k * NREL

« FY08 Funding: $240k e HyDRA, MSM Coordination

« FYO09 Funding: $86k (received) e Sandia

e FY09 Funding: $114k (expected) « MSM Interface, Water Model
* FY10 Funding: none
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Objectives

= Quantify the impact of water on a future hydrogen
economy

e Economic impact of water prices on hydrogen
production

* Regional impact of hydrogen production on regional
water resources

= Production Barrier D: Feedstock Issues
 Energy-Water Nexus

= Systems Analysis Barrier A: Future Market Behavior
* Timing and magnitude of H,-Water stresses
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Relevance: feedstock - the energy-water nexus

Flows in MGal/day Use

Source

—

— | Domestic/commercial
[r/ s 41,700 33\7"\
- Disposition
) /)35,400 8,000
A\ 23

Industrial/minin Return flow
28,000 420 241,000

Cooling for 128,700
Thermo-electric
132,000

Irrigation/livestock
139,000

Consumed or
Ground water
76,400

51,400 |

evaporated
Source: U.S. Geological Survey, Publication 1998-064214.

100,000
*In addition, 60,800 Mgal/day of saline water was withdrawn, primarily for thermo-electric use. Lawrence Livermore National Laboratory, April 2003
**Includes public use and losses of 5,980 Mgal/day. !

Note: Numbers shown may not add to totals because of independent rounding.
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Relevance: markets - timing and magnitude of water stress

Total Freshwater Withdrawal, 1995/ Available Precip

percent. number of counties in parentheses

B =500 (49)
B 100t0500 (267)
[l 30to100 (383)
[ 5to 30 (740)
[l 1to 5 (1078)
B oto 1 (614)

EPRI, 2003
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Approach: Water and energy material balances

Process
Water
Treatment
Cooling
Water

aier Treatment

Resources

Process
Water
Treatment

Cooling

Unused
Energy

Water
Treatment

mmmmmm Returned Water
s Hydrocarbon or Renewable Energy
mmm Hydrogen Fuel

Electricity

Unused Energy
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Approach: lifecycle analysis

Level 1: hydrogen production process inputs
* Process water
e Cooling load
* Electricity
* Feedstock/fuel
= Level 2: cooling system
Water withdrawal
Water disposal
* Electricity
= Level 3: water treatment
 Water disposal
* Electricity

Process model

= Level 4: electricity and feedstock
* Water withdrawal
*  Water consumption
= Level 5: hydrogen dispensing process inputs
* Electricity
*  Fuel

Regional analysis
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Approach: H2A/MSM Integration

= Process water
 Vendor information
= Cooling load

e Calculate from
energy balance

= Electricity demand

e Direct from
H2A spreadsheet

= Feedstock/fuel

e Direct from
H2A spreadsheet

Other Materials and Byproducts

Select the Material

Cooling Water -| I” Byproduct

Feed or utility

Cooling Water

$(2005)/gal Use H2A Default $0.000079 OR
Usage per kg H2 (gal)
Cost in Startup Year 80 ‘ ‘
Lookup Prices ==
Feed or utility 5(2005)/gal Usage per kg H2 (gal) Cost in Startup Year Lookup Prices
Process Water 0.0016654 577 54 482 Yes
Total Non Energy Utility and Material Costs ($/year) 54,482
Total Non Energy Byproduct Credits {$/year) [ s
Total Feedstock Costs ($iyear) $508.426
Total Utility Costs ($/year) 546,733
Total Byproduct Credits ($fyear) 50|
Other Variable Operating Costs Notes
Other variable operating costs (2.9 emironmental surcharges) 5$1.800.00 This covers waste disposal costs, non-feedstock fuels, environmental
(Bfyear) surcharges, etc. and is estimated at $800/month with 50% being attributed
Other Material Costs (S/year) 50|
Waste treatment costs (Sfyear)
Solid waste disposal costs (Sfyear)
Total Unplanned Replacement Capital Cost Factor (% of total 0.00% Click to enter data for specific years on Replacement Costs Sheet
direct depreciable costs/year)
Royalties (8/year) §0.00| &~ H2a Default
Operator Profit (§/year) §0.00| &~ H2a Default
Subsidies, Tax Incentives ($/year) $0.00] ~ H2a Default Enter as a positive number
§0.00] See Capital Costs section above to link to the Refueling Station
calculation sheet
Total Variable Operating Costs ($iyear)
$556,958.75

Title , Description ProcessFlow | Input_Sheet_Template

Replacement Costs Capital Costs

Refueling Station Results Cash Flow Analysis Tornado Chart Sensitivity_A

DOE Hydrogen Program, 2008
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Approach: Economic optimization

= Different water treatment and cooling technologies have
different capital vs. O+M (water and electricity
purchase) tradeoffs.

* Find the plant-gate water price cutoffs that mark the
transition between increasingly water-conserving
technologies.

= Perform sensitivity analysis to:

° plant gate water quallty Tradeoffs for cooling technologies

 electricity price = ——
,>(/ —
——

Once Through Wet Cooling Dry Cooling
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Approach: regional watersheds and demand

000000000

Lawrence Livermore National Laboratory @
10



Accomplishments: cooling technology analysis

Water Losses (L
Scenarie 1b, Single Cell for evapco Drift (%):| 0.025%
Blow Out (%):|  0.025%

Total (%):  0.050%

Total minor losses (m?/hr) 4.54 =20 gpm
Evaporation (m?/hr) 97.21 =428.03 gpm
Total Losses (m3/hr) 101.75 =448.03 gpm

Al

Induced Air

Wet Bulb Temp (C): 25.5 =7

Make Up Water (M) — (———
TDS Concentration (ppm):
Flow Rate (m3/hr): _ 129.4 =

Temp (C): 10 |-y

= Circulation/makeup
* Cooling tower model
e Cooling load

= Energy demand
* Cooling tower model
 Return to H2A

= Capital Cost
* Vendor-specific
 Integrate into H2A

Blow Down Water (B
TDS Concentration (ppm): 2500

Flow Rate (m3/hr): 27.63 =121.655 gpm
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Accomplishments: treatment technology analysis

= Withdrawal/consumption

e Treatment model

e Return to H2A “other”

= Energy demand

* Integrate into H2A “electricity”

Operating Expense

* Treatment model

e Return to H2A “other”
Capital Cost

* Integrate into H2A

number of parallel 10 units
number of series 16 units

total number 160 units

totvol 120,637 cu.ft
total X-area 503 ftz

o ——_fotaldepth 240 ft
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Collaborations

= Energy-Water nexus group
« NETL
e Sandia
« UND EERC
= NREL
e MSM team
« RPM/HyDRA
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Future Work

Perform rigorous engineering analysis
Integrate with MSM
= National scenario analysis
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Summary

= Energy-water nexus affects all future fuels
« Hydrogen, Biofuels, EV/PHEV, GTL, CTL...
= Plant level analysis feeds cost/price curve directly

« Water saving technologies limit cost impact at high
water prices

= Water impact analysis is fundamentally regional
= H2A framework provides “plug-in” to MSM

= Water permitting is likely to be a bigger impediment to
hydrogen adoption than water price
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