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Overview

Timeline

• Project Start: October, 2007

• Project End: October, 2010

• Percent Complete: 98%1

Budget

• Total Funding: $640k + $200k

• FY07 Funding: $200k

• FY08 Funding: $240k
• FY09 Funding: $200k
• FY10 Funding: $200k2

Partners

• NREL

• HyDRA, MSM Coordination

• Sandia

• MSM Interface, Water Model

Barriers

• Systems Analysis Barrier A:
• Future Market Behavior

• Systems Analysis Barrier E:
• Unplanned Analyses2

• Production Barrier D:
• Feedstock Issues

1. As of April 8, 2010, Final Report is undergoing Peer Review.             2. New emphasis on Flow Charts for 2010 
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Relevance: feedstock - the energy-water nexus
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• Water use for electricity varies by a factor 
of 100 from region to region.

• Electricity production accounts for almost 
half of all water withdrawals.

• Water use for liquid fuels varies by 
feedstock and process

• How does hydrogen compare?
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Objectives

 Quantify the impact of water on a future hydrogen 
economy
• 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 H2-Water stresses
 Systems Analysis Barrier E: Unplanned Analyses
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Approach: H2A/MSM Integration

 Process water
• Vendor information

 Cooling load
• Calculate from

energy balance
 Electricity demand

• Direct from
H2A spreadsheet

 Feedstock/fuel
• Direct from

H2A spreadsheet
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 quality
• electricity price
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Approach: regional watersheds and demand

NREL, 2008

Dept. of Interior 2009
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Accomplishments: Technology Analysis
Central SMR Water Treatment and Cooling Options: 379,387 kg hydrogen per day, no CCS

Cooling Method Tower Tower Dry Dry

Cooling Water Treatment Ion Exchange none n/a n/a

Process Water Treatment Ion Exchange Reverse Osmosis Ion Exchange Reverse Osmosis

Zero Discharge? Yes No Yes No

Water Resource (TDS, ppm) Surface (800) Surface (800) Surface (800) Surface (800)
Water Withdrawal gpm 1202 2235 441 706
Water Discharge gpm 0 1033 0 265
Power Draw kW 1460 1146 3093 3227
Capital Cost $ 117,100,000 5,066,000 63,4245,000 14,100,000
Fixed O+M $/yr 582,000 567,000 314,000 327,000
Treatment Variable O+M $/kg-H2 0.84 0.03 0.38 0.01

Forecourt Electrolysis Water Treatment and Cooling Options: 1500 kg hydrogen per day
Cooling Method Cooling Tower Cooling Tower Dry Cooling Dry Cooling

Cooling Water Treatment none none none none

Process Water Treatment Ion Exchange Reverse Osmosis Ion Exchange Reverse Osmosis

Zero Discharge? No No Yes No

Water Resource (TDS, ppm) Municipal (400) Municipal (400) Municipal (400) Municipal (400)
Water Withdrawal gpm 8.0 8.8 2.1 2.9
Water Discharge gpm 0.9 1.74 0 0.84
Power Draw kW 7.0 8.6 18.8 20.4
Capital Cost $ 162,000 58,000 328,000 224,000
Fixed O+M $/yr 22,000 22,000 111,000 111,000
Treatment Variable O+M $/kg-H2 0.22 0.02 0.21 0.01
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Accomplishments: System Economic Analysis

Treatment Systems Analyzed

Cooling 
Technology

Water Treatment 
Technology

Water Discharge

A Cooling Tower Ion Exchange Zero

B Cooling Tower Reverse Osmosis Minimal

C Cooling Tower Ion Exchange Conventional

D Cooling Tower Reverse Osmosis Conventional

E Air Cooling Ion Exchange Zero

F Air Cooling Reverse Osmosis Minimal

G Air Cooling Ion Exchange Conventional

H Air Cooling Reverse Osmosis Conventional

Assumptions
 H2A Current Central SMR Default Values

• 28-May-08 Version
• Non-water capital, O+M, Tax, etc.
• Electricity Price

Variables
 Water

• Withdrawal amount and price
• Discharge amount and price 

(implemented through “byproduct”)
 Treatment and Cooling Costs

• Capital, Fixed and Variable O+M
 Treatment and Cooling Energy Use
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Accomplishments: H2A Analysis (Central SMR)1

Water Purchase Price [$/gal]

Water 
Discharge 

Price 
[$/gal]

$0.0001 $0.001 $0.01 $0.10 $1.00
$0.0001 1.356993 1.362263 1.414953 1.941862 7.21095

Cooling 
Tower, 

Reverse 
Osmosis

$0.001 1.35815 1.363419 1.41611 1.943019 7.212107
$0.01 1.369715 1.374985 1.427675 1.954584 7.223672
$0.10 1.48537 1.490639 1.54333 2.070238 7.339326
$1.00 2.641911 2.64718 2.699871 3.22678 8.495868

$0.0001 1.955287 1.956871 1.97271 2.131106 3.715065
Dry Cooling, 
Deionization 

Zero 
Discharge

$0.001 1.955287 1.956871 1.97271 2.131106 3.715065
$0.01 1.955287 1.956871 1.97271 2.131106 3.715065
$0.10 1.955287 1.956871 1.97271 2.131106 3.715065
$1.00 1.955287 1.956871 1.97271 2.131106 3.715065

$0.0001 1.384619 1.387154 1.412512 1.666089 4.20186
Dry Cooling, 

Reverse 
Osmosis 

Treatment

$0.001 1.38557 1.388106 1.413464 1.667041 4.202812
$0.01 1.395089 1.397624 1.422982 1.676559 4.21233
$0.10 1.49027 1.492806 1.518163 1.77174 4.307511
$1.00 2.442082 2.444618 2.469975 2.723552 5.259323

1. Cells with a red background represent the lowest cost hydrogen under a specific purchase/discharge price regime
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Accomplishments: Watershed-Level Water Stress Analysis

Green: Stress < 1
Yellow: Stress ~ 1
Red: Stress >1

Water Stress Definition:
Total withdrawals within 
the watershed divided 
by the total influx 
(precipitation and river 
flow) into the watershed.
Upstream withdrawals 
are accounted for.

Water Stress > 1 is not necessarily unsustainable because ~3/4 of water may be returned to surface flows
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Accomplishments: Hydrogen Roll-Out Regional Analysis1

Metro Area Water Stress Water used for 
Hydrogen (MGal/day)

% of supply used 
for hydrogen

% increase in 
industrial water usage

New York 0.04 15.6 0.02% 16.1%

Los Angeles 2.01 12.3 1.14% 7.1%

Chicago 1.17 8.9 0.08% 0.8%

Washington 0.09 7.5 0.02% 6.8%

San Francisco/ Sacramento 0.18 5.1 0.01% 2.8%

Philadelphia 0.81 3.9 0.09% 1.6%

Boston 0.05 8.4 0.05% 20.6%

Detroit 1.13 5.9 0.16% 0.8%

Dallas 0.34 5.7 0.08% 14.0%

Houston 0.27 5.4 0.08% 2.5%

Atlanta 0.09 4.9 0.01% 1.5%

Miami 0.44 1.4 0.02% 5.5%

Seattle 0.00 1.8 0.00% 2.2%

Phoenix 4.88 2.8 0.44% 44.0%

Minneapolis/St. Paul 0.06 2.8 0.01% 6.4%

Cleveland 0.33 2.3 0.04% 1.5%

Denver 8.75 2.5 0.66% 5.0%

St. Louis 0.01 2.4 0.00% 6.2%

Portland 0.01 1.6 0.00% 0.3%

Orlando 0.15 1.0 0.01% 1.0%

Water Supply Definition:
Total influx (precipitation 
and river flow) into the 
watershed(s) that feed 
the metro area.
Upstream withdrawals 
are accounted for.

Industrial Usage:
Total withdrawals by 
industrial users within 
the metro area 
watershed(s).

1. These numbers are based on Green et. al (2008), and assume forecourt SMR hydrogen production with ~8 gal/kg-H2 withdrawal.
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Accomplishments: Regional Water Economic Analysis
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Lessons Learned:
Water discharge is likely to be more expensive than water withdrawal.
Water price is not positively correlated with water stress.
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Collaborations

 Energy-Water nexus group
• NETL
• Sandia

 NREL
• MSM team
• RPM/HyDRA
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Future Work

 Integrate with MSM, HyDRA
 Energy and Water Flow Charts

• International
• National
• Regional
• Sectoral
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Future Work

Discharge and Consumption fractions are estimated from 1995 data and will be updated soon.
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Summary

 Water price does not currently “behave” according to traditional 
supply/demand relationships.

 The price of water and water treatment equipment is unlikely to 
affect the price of hydrogen by more than 5% (far less than 
$0.10/kg-H2).

 Water is abundant at the national level, but...
• Permitting/allocation will be problematic in regions with high 

water stress
• Rapid expansion of “industrial” water use in some regions 

requires caution.
 Energy-water nexus affects all future fuels

• Hydrogen, Biofuels, EV/PHEV, GTL, CTL…
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Overview



Timeline

Project Start:	October, 2007
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Total Funding:	$640k + $200k
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Partners

NREL
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Barriers

Systems Analysis Barrier A:

Future Market Behavior

Systems Analysis Barrier E:

Unplanned Analyses2

Production Barrier D:

Feedstock Issues

1. As of April 8, 2010, Final Report is undergoing Peer Review.             2. New emphasis on Flow Charts for 2010 
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Relevance: feedstock - the energy-water nexus





Water use for electricity varies by a factor of 100 from region to region.

Electricity production accounts for almost half of all water withdrawals.

Water use for liquid fuels varies by feedstock and process

How does hydrogen compare?
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Objectives

Quantify the impact of water on a future hydrogen economy

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 H2-Water stresses

Systems Analysis Barrier E: Unplanned Analyses
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Approach: H2A/MSM Integration

Process water

Vendor information

Cooling load

Calculate from
energy balance

Electricity demand

Direct from
H2A spreadsheet

Feedstock/fuel

Direct from
H2A spreadsheet



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 quality

electricity price



Tradeoffs for cooling technologies
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Approach: regional watersheds and demand





NREL, 2008

Dept. of Interior 2009
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Accomplishments: Technology Analysis

		Central SMR Water Treatment and Cooling Options: 379,387 kg hydrogen per day, no CCS										

		Cooling Method				Tower		Tower		Dry		Dry

		Cooling Water Treatment				Ion Exchange		none		n/a		n/a

		Process Water Treatment				Ion Exchange		Reverse Osmosis		Ion Exchange		Reverse Osmosis

		Zero Discharge?				Yes		No		Yes		No

		Water Resource (TDS, ppm)				Surface (800)		Surface (800)		Surface (800)		Surface (800)

		Water Withdrawal		gpm		1202		2235		441		706

		Water Discharge		gpm		0		1033		0		265

		Power Draw		kW		1460		1146		3093		3227

		Capital Cost		$		117,100,000		5,066,000		63,4245,000		14,100,000

		Fixed O+M		$/yr		582,000		567,000		314,000		327,000

		Treatment Variable O+M		$/kg-H2		0.84		0.03		0.38		0.01



		Forecourt Electrolysis Water Treatment and Cooling Options: 1500 kg hydrogen per day										

		Cooling Method				Cooling Tower		Cooling Tower		Dry Cooling		Dry Cooling

		Cooling Water Treatment				none		none		none		none

		Process Water Treatment				Ion Exchange		Reverse Osmosis		Ion Exchange		Reverse Osmosis

		Zero Discharge?				No		No		Yes		No

		Water Resource (TDS, ppm)				Municipal (400)		Municipal (400)		Municipal (400)		Municipal (400)

		Water Withdrawal		gpm		8.0		8.8		2.1		2.9

		Water Discharge		gpm		0.9		1.74		0		0.84

		Power Draw		kW		7.0		8.6		18.8		20.4

		Capital Cost		$		162,000		58,000		328,000		224,000

		Fixed O+M		$/yr		22,000		22,000		111,000		111,000

		Treatment Variable O+M		$/kg-H2		0.22		0.02		0.21		0.01
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Accomplishments: System Economic Analysis

		Treatment Systems Analyzed						

				Cooling Technology		Water Treatment Technology		Water Discharge

		A		Cooling Tower		Ion Exchange		Zero

		B		Cooling Tower		Reverse Osmosis		Minimal

		C		Cooling Tower		Ion Exchange		Conventional

		D		Cooling Tower		Reverse Osmosis		Conventional

		E		Air Cooling		Ion Exchange		Zero

		F		Air Cooling		Reverse Osmosis		Minimal

		G		Air Cooling		Ion Exchange		Conventional

		H		Air Cooling		Reverse Osmosis		Conventional



Assumptions

H2A Current Central SMR Default Values

28-May-08 Version

Non-water capital, O+M, Tax, etc.

Electricity Price

Variables

Water

Withdrawal amount and price

Discharge amount and price (implemented through “byproduct”)

Treatment and Cooling Costs

Capital, Fixed and Variable O+M

Treatment and Cooling Energy Use
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Accomplishments: H2A Analysis (Central SMR)1

				Water Purchase Price [$/gal]												

		Water Discharge Price [$/gal]				$0.0001		$0.001		$0.01		$0.10		$1.00		 

				$0.0001		1.356993		1.362263		1.414953		1.941862		7.21095		Cooling Tower, Reverse Osmosis

				$0.001		1.35815		1.363419		1.41611		1.943019		7.212107		

				$0.01		1.369715		1.374985		1.427675		1.954584		7.223672		

				$0.10		1.48537		1.490639		1.54333		2.070238		7.339326		

				$1.00		2.641911		2.64718		2.699871		3.22678		8.495868		

				$0.0001		1.955287		1.956871		1.97271		2.131106		3.715065		Dry Cooling, Deionization Zero Discharge

				$0.001		1.955287		1.956871		1.97271		2.131106		3.715065		

				$0.01		1.955287		1.956871		1.97271		2.131106		3.715065		

				$0.10		1.955287		1.956871		1.97271		2.131106		3.715065		

				$1.00		1.955287		1.956871		1.97271		2.131106		3.715065		

				$0.0001		1.384619		1.387154		1.412512		1.666089		4.20186		Dry Cooling, Reverse Osmosis Treatment

				$0.001		1.38557		1.388106		1.413464		1.667041		4.202812		

				$0.01		1.395089		1.397624		1.422982		1.676559		4.21233		

				$0.10		1.49027		1.492806		1.518163		1.77174		4.307511		

				$1.00		2.442082		2.444618		2.469975		2.723552		5.259323		



1. Cells with a red background represent the lowest cost hydrogen under a specific purchase/discharge price regime
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Accomplishments: Watershed-Level Water Stress Analysis



Green: 	Stress < 1

Yellow: 	Stress ~ 1

Red: 	Stress >1

Water Stress Definition:

Total withdrawals within the watershed divided by the total influx (precipitation and river flow) into the watershed.

Upstream withdrawals are accounted for.

Water Stress > 1 is not necessarily unsustainable because ~3/4 of water may be returned to surface flows
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Accomplishments: Hydrogen Roll-Out Regional Analysis1

		Metro Area		Water Stress		Water used for Hydrogen (MGal/day)		% of supply used for hydrogen		% increase in industrial water usage

		New York		0.04		15.6		0.02%		16.1%

		Los Angeles		2.01		12.3		1.14%		7.1%

		Chicago		1.17		8.9		0.08%		0.8%

		Washington		0.09		7.5		0.02%		6.8%

		San Francisco/ Sacramento		0.18		5.1		0.01%		2.8%

		Philadelphia		0.81		3.9		0.09%		1.6%

		Boston		0.05		8.4		0.05%		20.6%

		Detroit		1.13		5.9		0.16%		0.8%

		Dallas		0.34		5.7		0.08%		14.0%

		Houston		0.27		5.4		0.08%		2.5%

		Atlanta		0.09		4.9		0.01%		1.5%

		Miami		0.44		1.4		0.02%		5.5%

		Seattle		0.00		1.8		0.00%		2.2%

		Phoenix		4.88		2.8		0.44%		44.0%

		Minneapolis/St. Paul		0.06		2.8		0.01%		6.4%

		Cleveland		0.33		2.3		0.04%		1.5%

		Denver		8.75		2.5		0.66%		5.0%

		St. Louis		0.01		2.4		0.00%		6.2%

		Portland		0.01		1.6		0.00%		0.3%

		Orlando		0.15		1.0		0.01%		1.0%



Water Supply Definition:

Total influx (precipitation and river flow) into the watershed(s) that feed the metro area.

Upstream withdrawals are accounted for.

Industrial Usage:

Total withdrawals by industrial users within the metro area watershed(s).

1. These numbers are based on Green et. al (2008), and assume forecourt SMR hydrogen production with ~8 gal/kg-H2 withdrawal.
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Accomplishments: Regional Water Economic Analysis





Lessons Learned:

Water discharge is likely to be more expensive than water withdrawal.

Water price is not positively correlated with water stress.
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Collaborations

Energy-Water nexus group

NETL

Sandia

NREL

MSM team

RPM/HyDRA
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Future Work

Integrate with MSM, HyDRA

Energy and Water Flow Charts

International

National

Regional

Sectoral
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Future Work



Discharge and Consumption fractions are estimated from 1995 data and will be updated soon.
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Summary

Water price does not currently “behave” according to traditional supply/demand relationships.

The price of water and water treatment equipment is unlikely to affect the price of hydrogen by more than 5% (far less than $0.10/kg-H2).

Water is abundant at the national level, but...

Permitting/allocation will be problematic in regions with high water stress

Rapid expansion of “industrial” water use in some regions requires caution.

Energy-water nexus affects all future fuels

Hydrogen, Biofuels, EV/PHEV, GTL, CTL…















‹#›







Lawrence Livermore National Laboratory

image2.png

L






image3.emf

0


10


20


30


40


50


60


70


80


90


AL


AZCA


CTDC


GAID


INKSLAMDMIMSMTNVNJNYNDOKPASCTN


UT


VA


WVWY


Water Intensity [MGal / GW


-


hr]


Water Withdrawal Intensity of Electricity




image4.emf

0


10


20


30


40


Corn Ethanol Switchgrass 


Ethanol


Gasoline (US 


Crude)


Gasoline 


(Saudi Crude)


Gasoline 


(Canadian Oil 


Sand)


Hydrogen


Water Intensity [gal


-


water/gal


-


product]


Water Consumption Intensity of Fuel Production


>300


??




image5.png

- = 3
% =l 7
& Aial 0 -[A General Nornal D Nornal D Normal Bad Good =] < 77 &4 "
g @ L
3 B 7 U-m-[&-A $ - % o83 Neutral Calcula 2 (€ O seach (2 Fotters | [51)-
Address |3 C:\Documents and Settingsisimon1iMy Documents|Giobal Security|Hydrogen and Water{H2A Models Go
Al d 3 B2 Folders X ame
B G D E F G G K = B 20090519 AW, {51010, Current_Centrl_Hychogen_Prockiction_from_Cosl_wthout_CO2_Sequestration version 2.1.1.xs 159
Total Energy Byproduct Credit ($lyear) 50) B € Fowcharts =010, Current_Central_Hychogen_ Prodtction_from_Grid_Electrolyss_version _2.1.1.xs 77
= © Gt soanty 010 _Current_Cetral yeogen. production from Natrsl Gas. without, CO2 Secuestration verson 21,15 147
2008 100ty Regone it Change  Z1010_Current_Cetrol_ycogen_Prodadion. i Somass Gt kaion_vrs, 2125 152
5 01D Current_Forecout_Hycogen_Productian_fram_Exhanl (1,50_kq_per_day)_version 2.1.2:xs 2,0
8 ) A Capture E
Select the Material o e Comrotmauws | TI0ID_Caront Forecout yogen rodicon.fom. G oy, (50, por.do)vraon 2,125 Zof
[Epsitidnbioiioy 010 Current_Forecourt Hycrogen_Procuction from Natural Ges. (1,500 ko_per_ ly). version. 2.1.1 s 216
Cooling Water ™ Byproduct 2 et 010 Futre Contal Hydvogen Production from dear Eneray.viHigh. Temperature. Elctrolst verso 149
— . S Erery tor Modelng 010 oA Delvery_Components Hodel_verson_L. 1.5 162
122 Y, [T ) Fucls Productin from i Capture =020, e, Central_Hychagen_Prodction_from_ Cosl_wthout_CO2_Sequestration version 2.1.1.xs 151
= 5 o Water 020 Future_Contral Hydvogen, roducton from Grid_Hectrolys_verson 2,11 174
22 siz000gal Use H2A Default SO0000TE| R | et ez [
124 | Usage per kg H2 (gal) 5 @ AR 02D, Future.Central_Hychogen_Producton_ia_iomess_ Gasficatio version 2.1.2.Xs 151
2ol | Costin Startup Year 0 S vemrios 31020 e Forecrt, Hycrogen_Frodsction.rom_Ethanl (1,500 kg_per_dey)verson 2,420 210
5 5 ) RehFike =020, Future.Forecourt_Hyckogen_Production_from _Grid_Electolyss_(1,00_Kg_per_day)_version 2.1.2.15 201
Lookup Prices Yes = & Refarnce bocs 02D Future.Forecoust Hychogen_Producton from Naural Gas (1,500 kg_per day) verson 2.1 2,09
% 0 BtectD 020 oA _Delvery_Components_Model_Users_Guice.pef 227
5 Corl o ol Gsicaton| | IE103D_Curent_Central_Hycogen_Procketon_from_Coo_wkh_CO2._Sequetration_versin_2.1.1xs 150
91030, CurrentCentral_Hychogen_ Pocucton.from, Natural,Gas. w02, Sequestration version 2.1.1 x5 L)
y 5) ) industry I _Curent_Central_Hycrogen F _from_Naturl_Gas_with_C02_Sea _yersion ;
- Feed or utiity 5(2005)gal Usage perkg H2 (ga)  Cost in Startup Year Lookup Prices Sty i Sl i ey o st s 265 il
Prosess Water 0.0016654 57 saam2 Yes © o data 040 Futre.Cotral ycrogen Moducion fom_Coslkh_€02_Seauesration_verson_2.1.1.ds 150
5 5 wate Shreage Coud oy | 1040 Future_ContalHychogen_Producton_from_NeturalGas_wih_CO2_Seauestraion. version 21,145 e
3 Hecher vt 040_+2h_Delvery. Scnari, Hodel_UsersGuid.pek 2
Qe (030 _H2A_pydvogen_Procuction Model User_Guide, Version 2.0.pcf Le7]
Total Non Energy Utility and Material Costs ($/year) 54,487 * g :::Z‘W;'P:’(“z‘;:
Total Non Energy Byproduct Credits (Siyear) 50) ) M Released Documents
® D ure
Total Feedstock Costs (Slyear) 506,426 g e ety
Total Utility Costs (Slyear) 46,7 =i
Total Byproduct Credits ($year) 50) % 5wt
# (2 My Forms
Other variable operating costs (e.g. environmental surcharges) $1,.800.00) This covers waste disposal costs, non-feedstock fuels, environmental g e
(s/year) surcharges, etc. and is estimated at $800/month with 50% being attributed| = P
Other Material Costs (S/year) 50) 9y vidos
(Waste tretment costs (S/year) © QClearence
[Solid waste disposal costs (Siyear) . g Referonce
Total Unplanned Replacement Capital Cost Factor (% of total 0.00%) Click to enter data for specific years on Replacement Costs Sheet :
airect depreciable costs/year) e — -
Ty Micosoft Office Excel37-2003 Worksheet Date Modiid: 3/11/2009 308 PM Sie: 2,10 MB 21008 vy Computer
Royatties (S/year) $000| © H2a Default Lt U it Come
Operator Proft (s/year) S000 ® Hea Default
146 || Subsidies, Tax Incentives (s/year) S000| 1 HaDefault  Enter as a positive number
50.00) See Capital Costs section above to link to the Refueling Station
calculation sheet
Total Variable Operating Costs ($lyear)
$656.958.75

Title .~ Description
=

P eecno.

<

ProcessFiow | _Input,_Sheet_Template < Replacement Costs - Capital Costs < Refueing Station . _Resuits

i 3

Cash Flow Analysis _~ Tor

-2 i) i) i-]

do Chart_~_Sensitwity_Analysis

|

 Energy Feed & Utitty Prices _Non-Energy Materal Prices _~ AEO Date .~ _HyARI

&

EEJuSTINS
Ces=EEEoe







image6.emf

0


50


100


150


200


250


300


Once Through Wet Cooling Dry Cooling




image7.png

) Map Maker - nationalatlas.gov - Mozilla Firefox.
Ble Edt Vew

on- ¢

2] Most tisited 4 Getting Started 51 Latest Headines

Htory Bookmarks  Tools Help

o [ 1) | httpiffnationalatias. gov/natlas{atlasstart asp

Sanclia Natianal Laboratories - Water 1

) Map Maker - nationalatiasgov 3

@naliunalﬁy\g%gov

Overview Hap

] NETL: Water - Enerqy Interface

Map Maker

" NETL Peper Unesco Conference,pef (o

Go Back to Previous Page

Zoomta State(s)

@ reninan

- B (o) (o)

(Redraw tap You

st Map

—-
Dl cities and Towns
DOlcounties

CCounty Names
[ LatituderLongitude
DOIRoads
Clinterstate Highway Labels
IS Highway Labels
Mstates
Ostate Capitals
[JState Names
[JStreams and Waterbodies
» Agriculture
» Biology
Boundaries
Climate

» Environment

» Geology

» History

Map Reference
» People
» Transportation
Water
Aqui
[ Arsenic in Ground Water
Olpams
O Ground Water Climate Response Netwark
iydrologic Units (Watersheds)
CINAWQA Surface Water Sites
[IRealtime Streamflow Stations

[Streams and Waterbodies
Water Use 1985

US watershet map

) Save o Email Maps

@ren

Tope

‘Active Proposals
To-Do Proposals
Your Proposals
Your Refusals
CC Proposals
CC To'Do ltems

-
April 2009
Sundsy Mondsy
] Ed
5 G
800
a0
30

T2 [EpingFom. 13

300,
11
300,

800,
300,
11
300,

800,
800,
300,

R

)

Qe 3| 0 s [ rors

#dress |29 C:\Dosuments and Settingstsiman 3y DocumentsiGlobal Security|Eneray Water Modelng

Folders X Hame,
(& esktop. ~ Benergy-water Mesting 3_5_09.ppt
= (L) My Documents [
= (2 Backp
12 Desktop 20081009
2 0 Instalers EnerayWaterWorkshopierch2o03.pck
= 2 Matab 5 Goodbubbles.wmy
(£ 0ld Firefox Profe 20081008 FEILLNL Ew efforts.pptx
& Cooco Fvodelers and Collsboration Workshop 2_24_091.doc

= (2 External Presentations.
# () 20081121 LLNL Farnsworth
(5 20081212 5F Eneray Nurlear
12 20090306 Thomas Friedman
(22 20090317 FPITT
122 20090519 AMR
= (2 Flowcharts
122 AirForce.
# (2 Energy Flow Chart Archive
122 Excel Model
= (2 LLNL US Flowcharts for Distribution
{5 Document Preparation
12 Flowchart Package March 2009
122 0ld Versions
122 Official Versions.
D) use_all_phy.2ip
= (2 Global Security
(22 2009 100 day Regional Climate Change
@ [ Air Capture.
12D Arent visit
13 Energy Water Modsing
5 Fusls Production from Air Capture
# (2 Hydrogen and Water
122 MeCluer visit
Dres
# (2 Repower America
12D stimulus Package
(22 M Released Documents
= DurE
12 10008y
122 Cost Model
# (2 DT Properties.
# () Literature Search from Joe Farmer v

Tyme: Adobe Actobat Document Date Modfied: 3/3/2009 3:35 PM Size: 2.29 MB

ES
2,052K8
6518KB
6,%68K8
6301KB
2,353K8
K8
soke
EL

Type
Micrasoft Office Po,
Micrasoft Office Po,
Micrasoft Office Po,
Micrasoft Office Po,
dobe Acrabat Dac,
indows Medta Aud.
Micrasoft Office Po,
Micrasoft Offce o

22918

- [O]x]
w

V8«
D odiied
242712009 4:58 PM
3/2/2009 6:00 PM
3/3/2009 2:20 PM
3/2/2009 7:44 AM
332009 3:35 PM
3/3/2009 2:20 PM
2}23/2009 8:06 AM.
2}24/2009 9:40 AM.

2 vy Computer

- [= %]

S (=1ES

ard
rlerence)
105
Code:
ke
Cosl Estinate
‘Waiking g
{Adrmin contact
Lesa Chisiman
T}

»f

None Selected v
Water Use 1990
None Selected v
Water Use 1995
None Selected v
Water Use 2000
None Selected v
% ind: [ qaoge
Oone
J start EmE™O BB L3 i -] -] g 30 ) Mep Maker - nation. S ISR

Aaron Simoril 3. minl, TZ: US4 Pacific

Tha 431 PM3/12/2003







image8.png

 Hydrogen Scenario Analysis. pdf - Adobe Reader
Fie Edt Vew Document Toos Window Hep

% Hydrogen and Water

jes Ik

r concept,”
create
0 urban
1a and the
d New York
ly
(around
eI (“Initial
bntrated
1lations,
ion people
ter than

tions ranging

850x 11,00

Hydeogen Demand

I'“Igﬁl]ﬁle Ea;é. ATEdS OT Frojected nmyarogern
Energy Demand

Hydrogen Infrastructure Demand
Consumer Strategy

Source: Melendez and Milbrandt, 2007

Preliminary Results

'Phy-nn acavlv ecovridare—T .ne Ancalac-tn-Qan Franciern: Nawr

‘Active Proposals
To-Do Proposals
Your Proposals
Your Refusals
CC Proposals
CC To'Do ltems

Qo - B semtn |2 e

#dress | £ C:\Dosuments and Settingstsimant My DacumentsiGlabal SecuritylHydragen and Water

Folders
(& peskiop
=123 My Documents
& 2 Backup
12 Desktop 20081009
= D Installers
122 Matlab
(22 0ld Firefox Profile 20081008
12 Conoco
= (2 External Presentations
(22 20081121 LLNL Farmsworth
(5 20081212 5F Eneray Nurlear
12 20090306 Thomas Friedman
(22 20090317 FPITT
122 20090519 AMR
= 2 Flowcharts

Aaron Simon19 / Monthly / T & A Force

12 Energy Flow Chart Archive.

April 2009 ) ExcelModel

Monday

= (23 LLWL US Flowcharts for Distribution

23 Dosumert reparaton
S Fowchart Padage March 2009
© ot versons

2 ol versns

0 s phy

& D Global Security
(22 2009 100 day Regional Climate Change
2 Ar Capture
122 Arent visit
122 Energy Water Modsing

[5ping Hold

5 Fusls Production from Air Capture
= 3 Hydrogen and Water
() GREET Files:
122 HeA Models

122 MM Files

122 Rich Fills
122 MeCluer visit
Dres

122 Repower America

12D stimulus Package
(22 M Released Documents
= D urEe

X Name

A CIGREET Fies
" Sovea vodel:
S Fes
SR Files
‘= argorne Gaslne and ExhanclWater Use.pd
. ERE He VPP benstis.
. eRE He VPP dalvery o
JEERE H2 MYPP producion.pdf
. eRE He PP storage.pd
L EERE H2 PP systems_analss pcf
PRI iater Power Sustanabity 2005.pd
PRI Water Power wakershecs 2005
T tiydrogen scenaris Anlysis.p
L IPCC clmate-change-water-en.pd
LA H-Wate Impact rogress Report 1_27.pdf
ORI Hycrogen Penetration Scensrios s
e Aletnate Coolng Techneloges sk
010 pizh_cantral_Hyckogen proccton_Hodel,_Yersion 2.1,
020 24 Distrbueed ychogen_ producion Modelversin 2.0,
)iz water odel_10_27_06.
S iydrogen ater Anlysis A5 20081124 desed s
idvogen iater Anclysis A5 20051124 main
Fycrogen Water Anaysis AJS 200811245
S iydrogen Water Anslysis A5 20081125 et s
S ycrogen Water Anaysis AJ5 20081125 xis
S )iydrogen Water Anlysis A5 20081203 werking. s
S )iydrogen Water Anlysis A5 20081208 werking s
S )iydrogen Water Anlysis A5 20081215 werking s
idrogen ete Analyss RGW 200512015
idrogen ete Analysis R 20051205,
idrogen ete Analyss R 20051209,
Sreport Tbles s
Slw_F767_FOILER_COOLING 5.4
) ratles 20061113 A5 modiied s
] Tables (version 1).xis
S water_sconrics_RW_10_27_08.1s
Eiydrogen iater Anslyis A5 20090126 working o
EeerTTz008_10_13_00 g5t
Eiydrogen Water LCA Fiure v06 ot
@ ydrogen Water LCA Fiure.ppt

1:00] Type: Adabe Acrobat Document Date Modiied: 2/26/2009 4:56 PM Sze: 1.43 MB

Aaron Simoril 3. minl, TZ: US4 Pacific

91k
04k
780K
10528
648KE
416K8
31,8268
11,456K8
147268
7,285K8
48
E
7,456 KB
14528
1,788
49k8
0ke
21ke
29k8
49k8
ke
s6ke
esKe
ke
5KB
sike
142k8
27ke
2728K8
75K8
a7ke
256K8
ke
3,003K8
128K8
126K8

4

Type
File Folder
File Folder
File Folder
File Folder
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
‘dobe Acrobat Dac,
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Offce Exc.
Micrasoft Office Po,
Micrasoft Office Po,
Micrasoft Office Po,

My Computer

3

Fii

3/13/2009

o
317

Cosl Estinate
‘Waiking g

{Adrmin contact
Lesa Chisiman

Tha 434 P 3/12/2003






image9.png

Process water treatment with lon Exchange

Process
Wastewater Bypass

- . Y
Treated
. Process
Iy | RS R Water
|
Surface J—‘ _[
Water —. | 2L ' (e

Pre-

Primary Secondan
filter Y y

[Process Water: Large Electrolysis







image10.png

e o (K (= (] (%
rruioea Ewa

i etz et |0 -

cooling water
lC—=>1 (warm)

ycooling water March 2010
~fm o e

makup—,.

treatment
effluent







image11.png

(& i
{[\fkeame /
/

/r Portland /

il

/.

\

_ ’ : & S : 10INew,York
! 4 A 2y / b | O philadelphia

? )
o o 2
e, GG P l
.Google
- " )
RN -y

2
~ Eye alt 388417,

USDA Farm Service Agency







image12.emf

0


0.002


0.004


0.006


0.008


0.01


0.012


0.014


0 0.001 0.002 0.003 0.004 0.005 0.006


Municipal Sewer Price [$/gal]


Municipal Water Price [$/gal]


Purchase Price vs. Discharge Price 




image13.emf

0.001


0.01


0.1


1


10


0 0.001 0.002 0.003 0.004 0.005 0.006


Regional Water Stress


Municipal Water Price [$/gal]


Regional Water Stress vs. Purchase Price




image14.png

Estimated U.S. Water Flow in 2005: 410000 Million Gallons/Day

88

3740

29600 | Public Supply
14600 44200

25600

Discharge
to
Surface
water
235000

3070
1300

Surface
water
(fresh) 1020

270000 6870

Surface
water
(saline)
58000

Ground-
water
(fresh)
79600

142000

Groundwater
(saline)
3020

LLNL 2009. Data is based on USGS Circular 1344, October 2009. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Commercial water use is not reported by USGS, it is estimated to be the fraction of municipal supply
that is not delivered to residences and includes municipal water use and conveyance losses. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527






image1.png

L








Lauranss Listmor Natiral atoratry

Hydrogen and Water:

eering, Economics and Engironment

e @





