Commercial Building Energy Efficiency

Walmart is using highly efficient light-emitting diode ﬁxtures to highlight its produce section. Photo by Dennis Schroeder, NREL 32771

Walmart — Saving Energy,
Saving Money Through
Comprehensive Retroﬁts.
Walmart, the world’s largest retailer, was founded in 1962 by
Sam Walton. It owns and operates more than 11,000 retail units
under 71 banners in 27 countries, and comprises 1.1 billion ft2
RIÀRRUVSDFH. In 2009, Walmart partnered with the
U.S. Department of Energy (DOE) to develop and demonstrate
HQHUJ\UHWUR¿WVIRUH[LVWLQJEXLOGLQJV7KHJRDOZDVWRUHGXFH
energy consumption by at least 30% versus ASHRAE Standard
RUYHUVXVSUHUHWUR¿WHQHUJ\FRQVXPSWLRQDVSDUWRI
DOE’s Commercial Building Partnerships (CBP) Program.17KH
SURMHFWSUHVHQWHGKHUHLVWKHUHWUR¿WRIDIW2 store in
&HQWHQQLDO&RORUDGRZLWKHQHUJ\HI¿FLHQF\PHDVXUHV ((0V 
across multiple building systems. It is part of Walmart’s ongoing
environmental sustainability program, which originated in 2005.
7KH1DWLRQDO5HQHZDEOH(QHUJ\/DERUDWRU\ 15(/ SURYLGHG
WHFKQLFDOH[SHUWLVHLQFROODERUDWLRQZLWK6WDQWHFZKLFKSURYLGHG
GHWDLOHGHQHUJ\PRGHOLQJVHUYLFHVIRUWKHSURMHFW1ORESCO
DQG0RXQWDLQ(QJLQHHULQJ3DUWQHUVKLSZHUHUHVSRQVLEOHIRUWKH
SURMHFWPHDVXUHPHQWDQGYHUL¿FDWLRQ,QDGGLWLRQWRFRQWULEXWLQJ
to DOE’s CBP program, the solutions installed and tested during
WKH&HQWHQQLDOUHWUR¿WSURMHFWZLOOFRQWULEXWHWRWalmart’s Better
Buildings Challenge commitment to reduce its U.S. energy
XVHSHUVTXDUHIRRWE\E\7KHVHVROXWLRQVDUHDOVR
H[SHFWHGWRFRQWULEXWHVLJQL¿FDQWEHQH¿WVWR:DOPDUW¶VERWWRP
OLQHWKURXJKUHGXFHGHQHUJ\FRVWV7KHOHVVRQVOHDUQHGIURPWKLV
study will be replicated at a large scale in Walmart stores and
1 A DOE public/private cost-shared initiative to demonstrate cost-effective replicable
ways to achieve dramatic energy savings in commercial buildings that are applied to
VSHFL¿FQHZFRQVWUXFWLRQDQGUHWUR¿WEXLOGLQJSURMHFW V DQGWKDWFDQEHUHSOLFDWHGDFURVV
the market.
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Project type

Retrofit

Building type

Walmart Supercenter with an auto center,
garden center, pharmacy, grocery, and a
McDonald’s (big-box retail)

Climate zone

5B (cool and dry), ASHRAE 90.1-2007

Barriers addressed

đƫ Measures must not interfere with customer
experience or sales operations
đƫƫ0+.!ƫ)1/0ƫ!ƫ+,!*ƫ* ƫ+,!.0%+*(ƫĂąĥĈƫ 1.ing the retrofit work

Square footage
of project

213,000 ft2

Energy savings

Electricity savings
đƫ ĆĀĈČĉĀĀƫ'$ƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩ
đƫ ĂČĉāāČĊĀĀƫ'$ƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ
Natural gas savings
đƫ ĂĈČĉĀĀƫ0$!.)/ƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩ
đƫ ăČĈĀĀƫ0$!.)/ƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ

% energy use
savings

đƫ āĊŌƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩƫ
đƫ ăąŌƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ

Energy cost
savings2

đƫ ĸććČćĀĀƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩƫ
đƫ ĸĂĆĉČĆĀĀƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ

% energy cost
savings

đƫ āąŌƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩƫ
đƫ ăĈŌƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ

Expected simple
payback time of retrofit
measures

3-5 years (pre-retrofit baseline)3
<2 years (ASHRAE 90.1-2007 baseline)

Annual avoided carbon
dioxide emissions

āČĀĊĈČĀĀĀƫ(ĥ5.ƫĨ,.!ġ.!0.+ü0ƫ/!(%*!ĩą
ąČăāĉČĀĀĀƫ(ĥ5.ƫĨƫĊĀċāġĂĀĀĈƫ/!(%*!ĩ

Retrofit completion date

May 2013

Calculated using a virtual charge of $0.091/kWh and annual average natural gas consumption
charge of $0.7107/therm based on Xcel Energy: Secondary General Rates: Rate Summation on
pages 20–23. Retrieved on October 16, 2014.
36HYHUDOUHWUR¿WPHDVXUHVZHUHLQVWDOOHGDV¿UVWWLPHSLORWSURMHFWVWKDWUHTXLUHGDGGLWLRQDO
HQJLQHHULQJWREHLQWHJUDWHGVXFFHVVIXOO\7KHXOWLPDWHJRDOLVIRUDQRYHUDOOVLPSOHSD\EDFNRI
3–5 years once those systems have been optimized for broad rollout.
4 Calculated using the EPA Greenhouse Gas Equivalencies Calculator. Accessed February 20,
2015.
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7KH&HQWHQQLDOVWRUHLQFOXGHVVHYHUDOVSDFHVZLWKKRXU
operation: a grocery sales area, a general merchandise sales area,
DJDUGHQFHQWHUVWRFNURRPVUHFHLYLQJUDFNVDQGEDFNRI¿FHV
WKDWDUHPDLQO\RFFXSLHGE\:DOPDUWDVVRFLDWHV1RQKRXU
VSDFHVLQFOXGHWKHVHUYLFHGHOLWKH0F'RQDOG¶VUHVWDXUDQWWKH
vision center, the pharmacy lab, and the auto center. Refrigerated
cases are located in the stockrooms and in the grocery sales area.
7KHVWRUHLQFOXGHVDQH[WHQVLYHHOHFWULFDOVXEPHWHULQJV\VWHP
LQVWDOOHGE\15(/WKDWKDVEHHQFROOHFWLQJGDWDIURPYDULRXV
store end uses since 2006. Data from this system were used to
EHQFKPDUNWKHSHUIRUPDQFHRI:DOPDUW¶VQHZKLJKHI¿FLHQF\
prototype store design and to calibrate the CBP baseline energy
PRGHOV7KLVGDWDDFTXLVLWLRQV\VWHPZDVDXJPHQWHGWRFDSWXUH
GHWDLOHGSHUIRUPDQFHGDWDRQWKH((0VPRVWRIZKLFKZHUH
installed in early 2013.
:DOPDUW¶VEXLOGLQJHI¿FLHQF\ZRUNLVSDUWRIDZLGHU
Environmental Sustainability initiative—one designed to move
the company to 100% renewable energy and reduce overall
GHPDQGIRUHQHUJ\0RUHVSHFL¿FDOO\WKHFRPSDQ\DLPVWRGULYH
the production or procurement of 7 billion kWh of renewable
energy by the end of 2020 and reduce its energy consumption
per square foot by 20% by the end of 2020, versus a 2010
EDVHOLQHDFURVVLWVJOREDOEXLOGLQJSRUWIROLR7KHFRPSDQ\¶V
strategy for achieving a 100% renewable energy supply follows
a tiered approach including direct ownership, onsite generation
facilitated by third-party power purchase agreements, and green
power purchases (either wholesale or through utility green power
purchasing programs). Walmart is currently the largest U.S. onsite green power generator, according to the U.S. Environmental
Protection Agency’s Green Power Partnership.

XVLQJWKHPHDVXUHGPRQWKO\DYHUDJH2$7DQGPHDVXUHGDQQXDO
consumption (blue). For 2006–2012 the two lines are in fairly
close agreement because these years preceded the major energy
UHWUR¿WV7KHEDVHOLQHGLGQRWDJUHHSHUIHFWO\ZLWKSUHUHWUR¿W
energy use, because gas and electricity consumption variability
ZDVQRWSHUIHFWO\H[SODLQHGE\2$7&RPSDULQJWKHPHDVXUHG
whole-building energy consumption averaged over 2013–2014
DIWHUWKHHQHUJ\UHWUR¿WVZHUHLPSOHPHQWHG WRWKHSUHUHWUR¿W
baseline showed a 24% reduction (18% in 2013 and 29% in
 ZKLFKH[FHHGHGWKHHQHUJ\PRGHOEDVHGSUHGLFWLRQ
7KHGLIIHUHQFHLQVDYLQJVEHWZHHQDQGUHÀHFWHGVRPH
of the early challenges of integrating new technologies such as
refrigeration waste heat reclaim into the store. Interestingly, the
drop in energy use in 2012 was apparently caused mainly by an
unusually warm winter and an early spring rather than by actions
WDNHQWRLPSURYHHI¿FLHQF\7KHDYHUDJHUHGXFWLRQLQWRWDO
DQQXDOZKROHEXLOGLQJHQHUJ\XVHUHÀHFWHGDUHGXFWLRQLQ
electricity use (~650,000 kWh) and a 39% reduction in gas use
(~36,500 therms) versus the baseline.

Figure 1. Baseline and measured EUI
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7KHUHPDLQGHURIWKLVFDVHVWXG\SUHVHQWVWKHPHDVXUHGZKROH
EXLOGLQJHQHUJ\VDYLQJVDQGGLVFXVVHVWKH((0VFRPSULVLQJ
WKH&%3UHWUR¿WSURMHFWWKHFULWHULDIRUVHOHFWLQJWKH((0VD
description of each, and the individual and aggregate energy
VDYLQJV,WDOVRGLVFXVVHVOHVVRQVOHDUQHGIRUHDFK((0

Whole-Building Energy Savings
Utility bills from as early as 2006 were available to compare
SUHDQGSRVWUHWUR¿WHQHUJ\FRQVXPSWLRQ(QHUJ\PRGHOV
(described on page 5) were calibrated using the utility bills and
VXEPHWHUHGHOHFWULFLW\GDWD7KHELOOVZHUHDOVRXVHGWRHYDOXDWH
WKHHQHUJ\VDYLQJVSURYLGHGE\WKH((0VLPSOHPHQWHGDWWKH
VWRUH7KHVWDWLVWLFDOUHODWLRQVKLSEHWZHHQPRQWKO\HOHFWULFLW\
DQGJDVFRQVXPSWLRQDQGRXWGRRUDLUWHPSHUDWXUH 2$7 IURP
± SUHUHWUR¿W ZDVXVHGWRHVWLPDWHEDVHOLQHHQHUJ\
consumption (i.e., how much energy the building would have
FRQVXPHGLQDQGLI((0VKDGQRWEHHQLPSOHPHQWHG 7KLVEDVHOLQHVHUYHGDVDEHQFKPDUNIRUSRVWUHWUR¿W
performance. Figure 1 shows a graph of energy use intensity
(EUI, which is the onsite whole-building energy consumption
QRUPDOL]HGE\ÀRRUDUHD IRU±7KH¿JXUHLQFOXGHV
the estimated annual baseline consumption (red), calculated
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Decision Criteria
7KHGHFLVLRQPDNLQJSURFHVVZDVEDVHGRQWKHIROORZLQJJXLGing principles:
 0DLQWDLQSURYHQFXVWRPHUH[SHULHQFHDVWKHSULRULW\
 Protect customers: store and parking lot security was a key
component of the project.
 (QVXUHWKHFRVWHIIHFWLYHQHVVRIDOO((0V
 Keep the design simple, functional, and low maintenance.
 Emphasize the reproducibility of measures in other store
UHWUR¿WV
 0DLQWDLQVWRUHRSHUDWLRQV
 %HSURXGRIWKHTXDOLW\RIWKH¿QDOSURMHFW
 0DLQWDLQYLVXDOOLJKWOHYHOVQHHGHGIRUVDOHVDQGVLJQDJH
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 Respect the concerns of the store’s third-party food services,
vending machine, and ad placement partners.
 0DLQWDLQJRRGSURGXFHTXDOLW\
Economic, operational, and policy considerations also contributed to the decision-making process.

Economic Considerations
Walmart has traditionally operated in the low-cost market
segment; however, it has recently repositioned itself as a value
OHDGHU6LJQL¿FDQWHFRQRPLFIDFWRUVDUH
 Walmart is a large publicly traded company that emphasizes
SUR¿WV,WKDVFKRVHQWRIRFXVRQHQHUJ\HI¿FLHQF\DVDZD\
to control operating costs and demonstrate environmental
responsibility.
 :DOPDUWVHOHFWV((0VZLWKIDYRUDEOHVLPSOHSD\EDFNSHULRGV
of typically 3–5 years.
 Because Walmart often buys equipment directly from the
manufacturers and can buy in volume, it can negotiate lower
¿UVWFRVWVWKDWPDNH((0VTXLWHHFRQRPLFDO
 7KH'2(%HWWHU%XLOGLQJV$OOLDQFHIDFLOLWDWHVWKHEDQGLQJ
WRJHWKHURIELJER[UHWDLOHUVWRIXUWKHULQFUHDVHWKHPDUNHWSXOO
IRUFRVWHIIHFWLYHHQHUJ\HI¿FLHQF\WHFKQRORJLHV
 %\VHOOLQJHQHUJ\HI¿FLHQWSURGXFWV:DOPDUWFDQDOVRSURYLGH
consumers with opportunities to save energy and money.

Operational Considerations
Walmart updates its stores on a rolling 7-year cycle. Some
building systems, such as lighting, are refreshed with each cycle.
Others, such as mechanical systems, are updated on alternate
F\FOHV LHHYHU\\HDUV 7KHF\FOHVDUHQRW¿[HGDQG
:DOPDUWZLOOPRYHDJJUHVVLYHO\WRLQWHJUDWHDEHQH¿FLDOQHZ
technology into its business.

3
 7KHHQWLUHRSHUDWLRQUHYROYHVDURXQGPDLQWDLQLQJFXVWRPHU
comfort and satisfaction by meeting set points for temperature,
lighting levels, and air quality.
 Each building system currently works independently with little
or no regard for the other systems. One goal of this project
is to optimize the operation as a whole system for cost and
performance.
 6ROLGVWDWHOLJKWLQJ¿[WXUHVIRUVSRWOLJKWVUHIULJHUDWHGFDVHV
H[WHULRUVHFXULW\DQGSDUNLQJORWVKDYHORQJOLIHWLPHVWKDWFDQ
lower maintenance costs.

Policy Considerations
7KHJXLGLQJSROLF\ZDVVKDSHGE\WKHSURMHFW¶VRYHUDUFKLQJ
JRDOWHVWUREXVWHDVLO\GHSOR\HG((0VLQPXOWLSOHEXLOGLQJ
systems that save on energy use for Walmart stores supporting
the company’s 20% site EUI reduction by 2020 goal and that can
EHUHSOLFDWHGE\RWKHUELJER[UHWDLOVWRUHV VHHWKHVLGHEDURQ
page 1).
Energy Efficiency Measures
7DEOH SDJH OLVWVWKH((0VWKDWZHUHLPSOHPHQWHGLQWKH
project based on the economic, operations, and policy decision
FULWHULDPHQWLRQHGHDUOLHU7KHPHDVXUHE\PHDVXUHLPSDFWVRI
WKHLPSOHPHQWHG((0VDUHSUHVHQWHGUHODWLYHWRWKHSUHUHWUR¿W
EDVHOLQHPRGHOWRJLYHDUHDOLVWLFHVWLPDWHRIVDYLQJV7KH
LQGLYLGXDO((0HVWLPDWHVZHUHFDOFXODWHGE\DSSO\LQJHDFK
((0RQHDWDWLPHWRWKHSUHUHWUR¿WPRGHO7KLVFRPSDULVRQ
was not possible for the ASHRAE baseline; many other building
SDUDPHWHUVEHVLGHVWKH((0VZHUHGLIIHUHQWEHFDXVHRULJLQDO
EXLOGLQJGHVLJQGHFLVLRQVZHUHPDGHEHIRUHWKHUHWUR¿WZDV
accomplished. Energy savings for each building end use is
SUHVHQWHGUHODWLYHWRERWKWKHSUHUHWUR¿WEDVHOLQHDQGWKH
FRGHFRPSOLDQW $6+5$(EDVHOLQH PRGHO7KHVXP
RIWKHVDYLQJVHVWLPDWHVIRUWKHLQGLYLGXDO((0VPD\GLIIHUIURP
WKRVHHVWLPDWHGIRUDOO((0VDSSOLHGWRJHWKHUEHFDXVHVRPH
measures interact.

An NREL engineer checks the operation of the refrigeration system. Photo by Dennis Schroeder, NREL.
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Table 1. Energy Efficiency Measures
Expected Annual Savings
$/year

kWh/year

Therms/year

Simple
Payback
(Years)

Installed Cost to
Achieve 3–5 Year
Simple Payback

Lighting
L1

Perimeter light reduction: removed two lamps from each of the 111
4-lamp perimeter ﬁxtures on the general merchandise sales ﬂoor.
Lighting in the grocery perimeter ﬁxtures was retained as is.

$4,500

61,500

(800)

<1

N/A

L2

Produce lighting upgrade: replaced 48 100-watt metal halide
ﬁxtures with 96, 12-Watt, 1000-lumen LED spotlights.

$2,700

46,200

(1,400)

>5

$8,100–$12,300

L3

Canopy downlighting upgrade: replaced 32 recessed 70-watt metal
halide downlights with LED downlights and retroﬁt kits.

$900

10,100

–

>5

$2,700–$4,500

L4

Pharmacy canopy lighting upgrade: replaced 6 pharmacy canopy
70-watt metal halide ﬁxtures with 36-watt recessed LED ﬁxtures.

$200

1,900

–

>5

$600–$1,000

L5

Wall-mounted security light upgrade: replaced 17 175-watt metal
halide lamps with 13 20-watt and 4 202-watt LED ﬁxtures. The
connected lighting load decreased from 3.4 kW to 1.1 kW. The lights
operate an average of 11 hours per day.

$1,000

9,500

–

<3

N/A

L6

Garden center bulk storage area lighting upgrade: replaced 8
400-watt metal halide lamps with 8 202-watt LED ﬁxtures. The
connected lighting load decreased from 3.8 kW to 1.7 kW; the lights
operate an average of 11 hours per day.

$900

8,900

–

<3

N/A

L7

Parking lot lighting upgrade: replaced 50 1,000-watt lamps with 87
263-watt LED ﬁxtures. The LEDs exceed Illuminating Engineering
Society of North America RP-20 minimum light levels. The siteconnected lighting load decreased from 70 kW to 25.5 kW. The
lights operate an average of 11 hours per day.

$12,000

124,400

–

>5

$36,000–$60,000

L10

Installed back-of-house occupancy sensors.

$200

2,000

(5)

>5

$600–$1,000

L11A

Garden center outside bag goods area: turned lights off during
daytime (before retroﬁt the lights were on 24/7).

$1,400

16,700

–

<1

N/A

L11B

Garden center shade cloth area: turned lights off during daytime
(before retroﬁt the lights were on 24/7).

$300

4,800

–

<1

N/A

$24,100

286,000

(2,200)

3–5

$72,300–$120,500

Lighting Subtotal

Heating Ventilation, and Air Conditioning
H3

Use waste heat from 2 medium-temperature refrigeration systems
to preheat ventilation air for the grocery sales area. The energy
savings from this EEM depends on climate and should be evaluated
carefully before implementing.

$10,000

(49,000)

18,800

>5

$30,000–$50,000

H7

Direct evaporative cooling of rooftop unit (RTU) condensers
combined with indirect evaporative precooling of ventilation air
on 6 of the 8 20-ton sales RTUs. The energy savings from this
EEM depends on climate and should be evaluated carefully before
implementing.

$7,500

49,900

(100)

>5

$22,500–$37,500

900

18,700

>5

$52,500–$87,500

HVAC Subtotal

$17,500

Refrigeration
R1

Anti-sweat heater control upgrade: repaired and upgraded the
existing control panel.

$10,300

123,500

(400)

<1

N/A

R2

Glass doors and LEDs added to medium-temperature dairy, deli,
and beer cases, but not horizontal “coffin”-style cases. Calculated
savings includes the negative impact of added anti-condensate
heaters.

$14,200

68,600

12,700

>5

$42,600–$71,000

R3

Replace permanent split capacitor evaporator fans with
electronically commutated motor fans in all walk-in freezers and
coolers (59 motors total).

$3,100

41,900

–

>5

$9,300–$15,500

$27,600

234,000

12,300

3-5

$82,800–$138,000

$69,200

520,900

28,800

3-5

$207,600–$346,000

Refrigeration Subtotal

Total
Total Post-Retrofit Versus Pre-Retrofit Baseline

