Quantifying Indirect .
Water Impacts of Pacific Northwest

NATIONAL LABORATORY -—

Buildings' Energy Usage R e

Doug Elliott and Jim Dirks

A LOOK AT

NATIONAL WATER SAVINGS

Provided by the Building Technologies Program (BTP)

16,000
The issue: indirect water usage Why does the Department of Energy Enhancements to the estimation of external
» Most building energy use does not directly 2000 FRESHWATER care about water? Impacts In BEAMS But how much = e Avlded Frestwater H20
mpaEo. walsr o WITHDRAWAL » Water withdrawal constraints may impact utility - Avoided indirect water withdrawal and consumption (tied to avoided electricity consumption). is a billion s " — Susauananna Rver ()
* Yet, water impact of energy production is operations, and restrain energy production s Mear ar marainal anale T 800 R
very large, via generation plant cooling I Putiic Supply B o ’ R EEL s el G ITarg el dlldysis. gallons Of s —SuleRIr W
requirements. e 257 - LTOUg oorch light » “By plant” (base, intermediate, peaking) or “weighted” (aggregated across plant type) basis. With drawal" = ;
3% Other Domestic (self - Several Southeast reactors avoids the - “By plant” method essentially a time-of-use approach, allowing specification of activity-specific ) o
supplisd) threatened by drought in 2008 consumption of - - - ’ 2,000
1.0% . ~140 galloqs of aVOIded generatlon MIXES. . ﬂ Sources: BEAMS outputs; USGS, Largest Rivers in the United States.
) E r.O\?Im? er(;'gy?reactor shut down mz{?,:,g"ef L - “Weighted” analysis assumes efficiency activities do not shift generation plant dispatch. 0 m o e oot TppaLsIaggeviRRISSHORR 252
e o neV\)// n ' . Generation is avoided at each plant type, using average plant-type mix. Fanr
e - - ro. Water consumed upstream may not - - .
0.6% Irrigation y . .
roe ke It through urbines downstream. And for some perspective on avoided consumption...
Industrial ’ @ ® e o . a ;
5.3% ke - New baseload plants, at least in some The starting point: Water coefficient » U.S. per capita annual domestic use in 2000: 33,600 gallons.
0.5% regions, could face difficulties in securing o o o . - SRPE - .
Acuacuturs sulliciont Baciing walor water coefflaent development’ by generatlon Avoided freshwater consumption indicated by BEAMS outputs, in terms of persons offset:
: C Persons offset
— - In DOE’s and society’s interest to fully capture, development, by plant type and year 2010 2015 2020 2025 2030 Souroaar EEANS cuets, Wort Bank; and 2001 115 Cenmus
. understand, and convey program impacts, many of which are : 129.415___ 517521 __1.000.088_ 1.606.170 1,953,689 s ihawkanewion g anl gov/askesullenigenoA6z0 i
1 5 925 Billion Gal./Year external and cannot easily be converted into dollar terms. generatlon teChnOIOQY 2010 Marginal Withidrawal  Marginal Gonsurmpiion p o o
THERMOELECTRIC POWER: * Energy efficiency efforts can significantly reduce Mean Withdrawal ~ Mean Consumption Plant Type Factor (Gal kWh) B Ol A . o o >
49,640 Billion Gal./Year indirect water impacts of generation, while providing ol ecinoony  FeclorGal et ractor GalAONE Intermediate 3.411 0.104 Alternative methods of acquiring equwalent
. . . ; Peaki 0.004 0.004 ® @
o ‘ increased water consumptive capacity elsewhere. P Tk st 0o  Weihied 0391 0254 consumptive capacity —
aas?!ufis s.gov/circ frc{:;‘ﬁ’g . circular A Import 0 0 . |(.3| i
PR R G e The Buildi E Analvsi d iy N fyped 0492 2030 « Household-level retrofits: e = A =
' ' Marginal Withd I Marginal C ti : . . i
e U.I ing Energy Analysis an Renewable > > Plant Type Factor (Gal/iWh)  Factor (Gal/kWh) - Replace older toilets with 1.6 gallon/flush toilets. va?lgr?Itlgﬁgts.
2000 FRESHWATER Modellng System (BEAMS) e e sen i 3313 0101 - Replace older top-loading clothes washers with .
lysis-Final_10-2-2008.pdf R - Peaki 0.004 0.004
 PNNL-developed and BTP-funded tool used to estimate y p V\?;gwtged 9.204 0.249 current Energy Star clothes washers.
. IPR T . Sources: PNNL internally-developed estimates, employing NETL inputs.
CONS U M PTION impacts of buildings-related projects. Note: Only two Se,ected};e?rs Oghe —— afe ;sp%ayeq . Number of retrofit households necessary to yield equivalent consumptive capacity
Thermoelectric - Lighting st platif fdetoiss. eyt actors iz auenige plart-Bye i 2010 2015 2020 2025 2030
ower _ Equipment (7532% hesoiond; 201oloimodlote,£.8% pasking: Households: 1.6 GPF Toilets 425,104 1,699,964 3,314,676 5,275,982 6,417,522
Pos s Othar 0 | Households: Energy Star
“Thermoelectric-power withdrawals 13.3% - Envelope Clothes Washers 505,368 2,020,934 3,940,521 6,272,141 7,629,216
accounted fOI' 48 percent Of tOtaI ) Wh0|e bU|Id|ng Sources: BEAMS outputs, PNNL Save Water and Energy Education Program (SWEEP), and Energy Star criteria.
® 'n | r' h W i fr RES U LTS http://www.pnl.gov/main/publications/external/technical reports/PNNL-13538/PNNL-13538.pdf
Watel' Use, 39 percent Of tOtaI H:ﬁi:\aﬁeé:aerglyglc\)ﬂg dg:l?]gassysetlér?]s (:{:EK}IZ) b the httg://www.gne?gystango?//fndex.cfm?c=clotheswash.pr_crﬁ_clothes_washers ’
freshwater-withdrawalSfor all |
. > I * Qutputs i
categories, and 52 percent of fresh . Ermryy savings "By p|ant" Results (WelghtEd): CONCLUSIONS
= 99 ~g ® ®
RHTOGe-WRbAr WitheitRurEins -“HT 2000 - Required investment analysis example water withdrawal and
Source: USGS. et o ] (E:gersrgl irpl%aC\t/sE:)gs\’/o;dl\j?Oca;rt:gn, » Avoided-generation plant mixes Consumptlon aVOlded  Water and energy are intertwined, not only at the point of consumption (in some instances),
http.//ga.water.usgs.gov/edu/wupt.html rrgation-Livestoc , , . , , ® O O = .
pi/lg 95.9 p pe e BB it irerara] ane consumption - By plant: 55.7% baseload, due to BTP activities but also at the point of generation (nearly always).
o 2 ' 35.7% intermediate, 8.6% peaking. e Efficiency programs can provide significant reductions in indirect water withdrawal and
TOT |- _ — - Weighted: 75.2% baseload, Actual BEAMS ouput Blllion Gal/Year) = e 230 consumption. To the extent this is unrecognized, we may be undervaluing energy efficiency.
9 Billion Gal./Year ' B 20.0% intermediate, 4.8% peaking. m * Analysis of efficiency impacts on generation plant dispatch is important not only for utility
THERMQELECTR|C POWER: T —— » In this example, “by plant” analysis yields : operation, but also for more accurate quantification of water and emissions impacts.
1,241 sillion Gal./Year less avoidance of water withdrawal, » By 2030, BTP efficiency activities will reduce annual freshwater withdrawal and consumption
| | | e wzom oo om o om e due to less avoided generation at Using only freshwater portion of BEAM S o put o e Y &) s 2030 by an estimated 2.43 trillion gallons, and 66 billion gallons, respectively.
e T2 water-intensive baseload plants. Avoided Freshwater H20 Wihdrawal 161 644 1,255 1,008 2,430
- httg:'//fvate;r. us%éi;v/watuse/pccﬁ'l 995/p£‘/cifculzr1 200.p£‘ fyiolded Fresnivaler A0 Donsumption g 1 2 L 20
. - Sources: PNNL BEAMS model outputs and USGS Circular 1268.
http://pubs.usgs.gov/circ/2004/circ1268/pdf/circular1268.pdf
250

200

m Weighted, Avoided Freshwater
H20 Withdrawal

m By Plant, Avoided Freshwater
H20 Withdrawal

150

Billion Gallons

100

50

0

-

2010 2015 2020 2025 2030
Year

PNNL-SA-68678

U.S. DEPARTMENT OF

ENERGY

Contact Information:
Doug Elliott (503) 417-7556 e douglas.elliott@pnl.gov

BUILDING TECHNOLOGIES PROGRAM (BTP)




