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Introduction

As a part of its energy conservation program Humboldt State University has expressed an
interest in an energy audit of the refrigeration units used by the various departmental programs
in its science faculties. Environmental Sciences 410 has detailed a team of two students, Kyle
and Jacques, to prepare an environmental report addressing these problems. A Problem
Statement was developed for the repotrt as follows;

Problem Statement

Extra energy costs may result from surplus or inefficient refrigeration units on campus. Those
refrigeration units need to be identified

Goals

Within the limits of the course duration, a selective measurement of the consumption demands of
some of the units could yield a variety of energy saving proposals.

Objectives

1.Developd a selective sample of units by type, size, use and age of units
2.Identify units in the sample that are over or under utilized, duplication or in need
of replacement

Data collection method

We used 3 types of power meters: Digital Power, Kill a Watt and another one we returned to

George Wright. We just need to plug in the meter into the outlet, and then plug in the

refrigerator. We visited every chair of a department to get permission for putting the meters on
refrigerators. Then, we went to talk to the stockman or person who is responsible for the

refrigerators and get his help for putting the meters on the refrigerators. ¢ e pe J,‘_p) all Maa

Data collection and analysis Zn Hhe AR b /Y v
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As a starting point for this report an Inventory conducted in June of 2001 by the College of
Natural Resources &Sciences was obtained. The inventory listed by room number ,all of the % émem
refrigerators, freezers, incubators, cold rooms and growth rooms used by the individual
departments in the science buildings on campus. Two, kilowatt hour meters were obtained from
the Schetz energy center and the Plant Maintenance department enabling the completion of a
random sample of approximately ten percent of the refrigeration units and some of the freezer
units (a total of 26 units were measured out of a grand total of more than 190 units in all
categories.
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Figure 1. This graph shows the energy use of the refrigerators per day by different sizes of
refrigerators. If also shows the steep trend line in terms of rate of change in size of refrigerator
per energy use. This trend line has removed the 3 values which significantly change the slope of
the trend. Since the slope of the line is steep, there is not significant change in energy use

proportional to the size of the refrigerator.
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Energy Use per Cubic Feet
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Figure 2. This graph shows the energy use per cubic feet for different sizes of refrigerators. This
graph also shows the frend line in black (with 4 refrigerators on the trend) which is y =-0.0016x
4+ 0.1514 and has R square value 0.0165. As you can see, the energy use per cubic feet is
decreasing as the size of the refrigerator increases. There are 4 refrigerators which have low
energy cfficiency and don’t fit in the trend line. These refrigerators are very old and we
proposed to remove them in the implementation strategy. Once we remove the 4 refrigerators,

the slope of the trend line become steeper, which is shown in the gray line. The trend line is y =
-0.0035x + 0.1439 and has R square value 0.3143.

Alternative solutions in order of Priority

1.Extend the audit to the next semester and increase the size of the team to 6 or 8 members. ot % .F
This will require buying leasing or borrowing at least 6 Kwh meters. Update the inventory -L‘ <

since a number of changes in the number of units appears to have occurred since 2001 .Conduct com”

as large an audit as possibie with each team member conducting 2 or more audits at a time. de {.. (1Y

2. Review and recommend unused or unplugged units for removal. V‘“\

3. Examine the possibility of recommending the combining of uses within the refrigerators where

two or more are used at the same location, or replace several small units with one larger unit.

Obstacles to problem solutions

L)
1. Frequently we found access to the units blocked, due to location in a locked room or pad locks
on the unit itself. When this occurred we found the stock rooms, especially in the Biology;”



Engineering and Chemistry Departments extremely helpful. They knew the location of the units
and had the keys.

2. We also had a hard time finding the person (such as stockman) at the right time. Since they
are busy at their regular work, we had a hard time finding the person when we visited.
Sometimes, even though we find the person who has the access to classrooms, we had to come
back because she or he is busy at work. Therefore, sometimes, we had to come back several
times before we could get into the laboratory to coilect the data. It turns out that this was the
most time consuming part especially at the fishery and wildlife building. We could not access
some of the outlets for three weeks. For future investigations, we would like to suggest getting a
key from each department.

3. One of the more important items was the date of manufacture of the unit. Efficiency of units
was increased by manufacturers over the decades. Finding dates on the units was impossible in
some cases. Once again, the Biology and Chemistry stock rooms had that data in most cases. It
was suggested that the Purchasing Department should have that data in their records.

Some refrigerators are locked and we could not the get the information on size

5. The team had only two meters to conduct its audits. Given the number of units and the fact
that 24 hour readings were performed on each unit, a random sample of approximately 17.5% of
the units was possible.

6. The inventory used contained Refrigerators, Freezers, Incubators, Growth rooms, Warm
rooms, Cold rooms and Humidifiers. All of these units use electricity. Due to limitations of
team size and the number of meters available, only the first two categories were measured. A
future team should consider adding incubators and humidifiers to their audit. The types of rooms
listed above are probably all hard wired and would be extremely difficult to audit with the hand
held meters. For example, we accidentally measured an incubator and the meter measured 9
Kwh per day. This tells us that there is a possibility that incubators may consume significant
amounts of electricity. We strongly suggest that further research on incubators is needed to
decrease the electricity use on campus.

7. Space limitations due to unit placement sometimes required the use of an extension cord to
hook up the meter. This could permit the meter to be placed out of sight. Another item to
consider for the team members tool kit is an expandable tape measure to determine the

units inside dimension for cubic footage calculation.

8. I have talked to the stockman in biology department about the criteria for buying new
refrigerator. It was surprising to know that there were no certain criteria and what they care
about the most is the cheapest refrigerator proportional to the size. Due to the limited budget
distributed to the department, they care more about short-term cost rather than long-term benefit.
Each department tries to minimize the cost of buying equipment. The biology department also
does not have incentives for buying energy efficient refrigerators. The electricity is paid by
university when cach department buys the refrigerator and uses it. This complex administrative
process increases the incfficient energy use and cost.



9. Although the previous inventory shows that there are about 58 refrigerators in the biology
department, many of them are broken, retired and/or replaced with new ones. The stockman said
since he got his position, more than 7 refrigerators were replaced. The stockman and [ did not
try to count the number of refrigerators that exist in the biology department and we did not try to
measure the new refrigerators. However, we have confidence that we measured most of the old
refrigerators existing in the biology department. Since one of our purposes is to identify units in
the sample that are over or under utilized or in need of replacement, we decided not to measure
the new refrigerators.

Implementation Strategies ffl. ) s
1. It became apparent 1o the team during the conduct of this study that a annual update of the ]
inventory could lead to more efficient energy conservation and accommodate changes in the unit ot

stock. With the use of a computer program, this could be accomplished by entering new s Lon l L

acquisitions and deleting removals. Such a program would aiso yield an annual report for the J st

university administration, *

2. Science departments could be asked to re-examine unit uses and the possibility of combinin e clc J

uses that meet federal and state requirements. kn‘f T
w )

Monitoring and Evaluations P, to F‘

1. The Plant Operation Department, with the cooperation of the Science Depariment stockrooms “‘u-f-—
could be responsible for maintaining and updating the inventory based on the computer program.
2. Plant Operation would use its computer program to generate annual reports on the number and Ade

power consumption of the units, w o Pt
3. Succeeding semester students from Environmental Science 410 would be responsible for +_ e
completing, expanding and correcting the existing inventory. & fonT 'M

o h 3 fh t lt )
Tables, Graphs and Related Data P‘“ e
1. Tables of units measured / ‘“‘f /&M‘“\ -'L‘#"\'

2. Table: number of refrigerators measured by department
3. Meter specification

4. A sample of Amortization calculation

5. Generalized data collected during the course of the study

Building and
Name of Refig kwiday | size(fi*3) usage(%) | date No: Depariment
unknown 1.436 13.9 3 Natural Resource
Signature2000 1.458 15 15 Natural Resource
Crosley 1.323 | No info {about 8) 15 Biology
Sears coldspot 3.561 16.6 40 1971 Biology
1.742 14 100 1988 55845 | Bioclogy
Sears coldspot 5.012 17 a0 1971 44616 | Biology
Crosley 0.867 | No Info {about 8) 36940 | Biology
Sears coldspot 4.751 17 50 1971 44640 | Biology
Explosion proof 1.042 about 14 50 50107 | Biology
2.589 238 - 100 502324 | Biology
| Frigidaire 0.875 18 100 $12036 | Wildlife




Frigidaire 1.18 18 20 S$12037 | Wildlife
Fisher Scientific 1.305 about 18 512453 | wildlife
unknown 0.5 about 3 Wildlife
Sanyo 0.46 about 6 Wildlife
0.848 12.9 80 | 1983(estimate) 48706 | Engneering
0.687 10 1983(estimate) Engneering
Frigidaire 1.52 - 17.5 80 | 1983(estimate) 57203 j Engneering
GE 0.4 3.7 1978 Chemistry
0.61 3.5 Chemistry
1.17 4.6 2003 Chemistry
Labline 9.05 about 16 1983(estimate) | S03970 | Engneering

Table 1. This table shows the data that we collected. Data missing are left blank. The
manufactured date is a very important element of this project but we could not get much of this
information.

Refrigerators and Freezers

#from
Department #measured previous data Comments
Biology B 58 | measured most of old ones
Chemistry 3 7 | only 3 refig are used
Computing .
Science 0 1 _
Engineering 4 5 | measured everything

very hard to access, Building is

Fish and Wildlife 5 46 | new
Forestry 0 2
Geology 0 1
INRSEP 0 3
Marine Lab 0 3
NRPI 2 2
Nursing 0 1
Oceanography 0 3
Physics 0 1 | not existed
RRWS 0 9
Total 22 126 | sample size=17.5%

Table 2. This table shows the number of refrigerators we measured in each department and
number of the refrigerators that exists on campus. The data on the existing number of the
refrigerators is not accurate since the data was collected in 2001. Since 2001, there are a number
of refrigerators retired or replaced with new ones.

Kill a Watt

Operating Voltage 115 VAC
Max. Voltage 125 VAC
Max, Current 15 Amps
Max. Power 1875 VA




I

[uring interval) [ J1850CT) -
fsample Trvl [ T
e e
[User Recalibration Capability — {yBS ~ [YBS __ lyes

*VAR, VA, and I rms readings below 20 (0.20 amps) are generally not accurate. See

instructions.

NOTE: All models are available for different voltages (220 vac for example) and maximum
current/power rating. Call for information and cost.

avg. energy use for existing fridges (Kwh/yr) 1300 Il(Wh/y
average refrigerator size(fi*3) 16.45
cost per kWh $0.13
er fridge

current operating cost: $169.00 er year
yearly energy consumption for high-efficiency
18.4 13 model (Kenmore 73754): 479 Wh/yr
yearly kWh savings per fridge: 821 lkthyr
yearly $ savings per fridge: $106.73
Replacement cost per fridge (Kenmore 73754):1$436.88
Payback: 4.09 lyears
COST PER KWH PER YR: $0.53

(Hurdle:

$0.44/kWh/yr)
Assume replacemeht of 25 Refrigerators
TOTAL INVESTMENT = $10,922.00
TOTAL YEARLY SAVINGS = $2,668.25

Note: Payback time may be shorter if utility
rebate applies

Comparison of 1991 Refrigerat?' Models
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Average

Normalized
Annual
Annual LJLUV
Number of Volume energy use

energy use
Configuration : refrigerators (££%) (kWh)
(kWh/£t?) 7

‘!
single door, manual defrost 133 5 377 112
single door, automatic defrost 14 13 602 64
Side—by—side doors, automatic defrost 434 23 1,251 56
top freezer, partial automatic defrost 36 12 708 62
top freezer, automatic defrost 905 18 885 50
bottom freezer, partial automatic defrost 2 4 544 140
bottom freezer, automatic defrost 14 21 1,145 54
top freezer, manual defrost, superinsulated 3 15 261 18
Total /Average 1,541 18 938 57

e’ ll h}
T I g
s 8 3

g

Energy Use (kWhivear)

Frost Free  Parial Manual

Defrost System

Figure 1. Average energy use of refrigerators by defrost system type
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Figure 2. Average energy use of refrigerators by size

Finally, ARCA cbserved the change in energy use over time (see Figure 3). Refrigerators used much less
energy 35 years ago because they were typically smaller and manual defrost. The energy guzzlers appeared
in the 1970s (like the cars), and improved with federal energy standards over the last decade, with energy
usage for a typical new refrigerator at about 800 kWh per year. When an 11- to 25-year-old refrigerator is
replaced with a 1994 unit, expect that the house's electricity use will drop about 600 kWh per year. Even
replacing a relatively new unit--five to ten years old--should save a few hundred kWh per year (about $30
at 10¢ per kWh).
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Figure 3. Average energy use of refrigerators by age.



Jusble oN OoN II €71 ais ‘ suswpads ‘1ojersbuoy Abojoig
AMIRA ON ON IT DbZE aps SeINN '/6/ ‘9£T60S "1ojeqnoul Abojoig
AdxIRA ON ON i JbTE abs SIMIN2 “£6/b *£276/0S "103egndu] AbojoIg
e ON ON II THT ARS suswipads T//6 ‘6£9£08 103eqNoU] Abojoig
y@sed "d ON ON i} PET ADS sall) ‘28/8 'ZESE0S "10jeqnou] Abojoig
juable ON ON II 8¢T 9Ps SuaWIDads ‘Zg/€ ‘08FE0S "103egnou] Abojoig
isonIg ON ON 11 9z1 as SURWIDIAS ‘99/S ‘SGHE0S “1ojegnou] Abojoig
AR ON ON II db2E ans seinynd ‘98/9 ‘T/ZE0S “103eqnou] Abojoig
ysarnug ON ON I 971 ans SuBWIRAAS T/ /H "BSZEOS 101eqnou] Abojoig
AIRA ON ON II T¢I ans §8/8 'LSZEOS "103eqrou] Abojoig
n ON ON 1I $EE oS saIyN “98/9 “17Z£0S “103egndu] AbojoIig
m ON ON II FEE gs Sein3[n3 'g9got "103eqnou] Abojoig
M ON ON II PEE A0S SaINYND ‘18/9 'L/ “J03eqniu] Abojolg
ua|ly ON ON II arze aps SIEOIWBYD “€6/1T '95/ bt ‘10jeqnoul Abojoig
SIS ON ON I 877 90S SeINYNd ‘589%4 “103Rqndu] Abojolg
buuais ON ON 1I 87z gPs sainynd ‘p89pt “J0jeqrou] Abojolg
ULISIS, ON ON 1 8Z¢ gids SaINYNd ‘€89bt 10jeqnoul Abojoig
juabieq ON ON I 871 abs suaLads ‘1ojeqnoug Abojoig
A 1ep ON ON 11 72T 8PS 201 "OTHITS ‘Bulde 3] Abojoig
sLuyuow
sauof ON 9 AI9AD 'SBUO[ ‘SOA I 2bTT aPs $94n)n ‘g/080S ‘Jazenly Abojoig
bupiatg ON ON 11 877 ais S24n3IN3 “06/2 POCEOS "19Z931d Apojoig
CFoTeR ON ON il Z<1 anps SuSWIDRdS/S|eAWAYP '9/6/ 1973314 ABojoig
T ON . ON I 0€€ gs SaInynd ‘819t 19zevld Apojoig
patTi ON ON I 121 8PS SIAWES "S[eoI S Rzo9d Abojoig
ua|Jy ON ON IT bE 9PS S|ednwaLR 197981 Abojoig
buLiais ON oN II vEET 910S saumyn> Lezsald Abojorg
é(suonesado
(: 10 suon jueld ‘eorgo éjuau
-erado jueld | s,ueap Juaurpedap) -dinba
‘uenILYda) 31 10J pied oym jo =o9a1d
‘dinba s,)dap ‘0s JI épaAjoAul uoym II dnoun
Jo auieyn) 3s00 e 319l sem Aq pue usaylyjo moy ‘os e 10
uawdinbo &Ml padiedal oym ‘os | JI spsuwdopad pue | 1 dnoun
s JI éSyjuow ZT 3se] | panpayds Ajpunnos | e s sy
10} Iqisucdsal | 213 ul pasredal uaaq 2D2uRUUIRY jungj w1 104 pasn ST }I 1Ieym
SI OUM juawdimnba syl seH aanejuaana1d sy noA og | jo uonedol pue w37 Jo uonduosag Jjuawpedag
T0O0Z aung

fojuaaur Juswdinby uonelsbrysy

S3ONIIDS B SIDUNOSTH TVANLYN 20 IDITI0D




ASMaeA ON ON II FZ€ ans S2UNYN2 ‘876/0S "19z99.14 plodenn Abojoig
syjuows
sauor ON g Aloas ‘sauor ‘sa) II DBTT di0S Sa1mynd ‘10/¢ ‘49zo3.14 plooen|n ABojoig
3K ON ON 11 121 995 | S[eoiwayd ‘gTHTIS ezl /10ielablLyey Abojorg
SEITIETE]
u3|iy ON ON 1I arze grs '06/2 '$9TLOS 1oz8914 /101019609y Abojoig
S2INYN2/S|EDILIRLD
Buisais ON ON II YbTZ 915 '88/2T ‘TTHEOS 19Z93.]/101e19b1U8Y Abojoig
. Sadn)|nNd/s[edIuByd
am/ ON ON I .ﬂw\mwm '06/¢ '792£0S "1wzeald/10jesbuiey Abojoig
suawads/sjeanuayd
Aoxiep ON ON II 2T 9Rs '£6/6 ‘bTETOS ‘197017 /103es0buay ABojorg
A3sed “d ON ON i ZET 9PS S|EDIWRBYD ‘09 "19zas1d/i01e1abiey Abojoig
laxeg ON ON II QL€ dRs S|EIWIRYD “6£9bb 1oz9n1d/I0jeIablay Abojoig
IESNTEY ON ON I ST ARs susWIDads ‘0Egby “IaZasld/10jelabL)ey - Abojoig
— sa1n3|no
4 (pequebui) ON ON Il YEPT aPS ‘s|eDwayd ‘gzobt ‘Jozeal]ojelsbusey ABojoig
ON ON 11 20T DS S[EOIWRYD b7 1978214 /1010100U5Y Abojoig
SLuow sainjno
sauor ON 9 Adoae ‘sauof ‘sa) II avzz grs 's[eDiWRYD /1944 19zodld 1oieiabugey Abojoig
yoequabuim ON ON il YEHT Q1S | SoINYNd *£LZ/LT “197914/10)elobLsey AbBojolg
jusbien ON ON 11 €21 gs suawWIdads Iozeaid/1031ebley Abojotg
ysenlg ON ON II a0cz gps SIESIWRLY ‘I15Zo3l4/10)eieblLIjoy Abojoig
yoequasbuip ON ON 11 VEPT QIS S Nd J9zssud /10jelebilioy Abojoig
eiebp ON aN il a8z gi0s s|esiwald ‘Jazsald/ojelabLay Abojolg
Asvaep ON ON II dtZ€ ars S3UMmND "s|esjwaLd 1azasid/10jessbU)ey ABojoig
pa9y ON ON I 80T DI2S sjediwayd 1ezealdiojeRbllay Abojoig
UBLLISH ON ON I qLIT DPS SUSLLIDAdS ‘1579314 /103e1abL)oy ABojorg
uueue) ON ON 11 €9 YOS susudads “1azas14/10je1861)y Abojoig
BUD0Y AydeiBoyewodyd
19|59 uawyredap ‘say ON If 6T AS ‘88/t ‘0E601S ‘10jelsbiey ABojoig
13[S3 ON ON 1I VEST QIPS suawnads 76/ TZZ60S 10jelebusey Abojoig
buuais ON ON il 82 A0S SaInynd ‘g6/TT '9GTHOS "lojelablijay Aboolg
Jjem ON ON i LPT APS SURWIDAAS '78/8 ‘prIE0S “103e12BLsSY Abojoig
1M’ ON ON I EES susuiads 7¢8/6 'tF9E0S T10jelsblyey Abojorg
EEN ON ON 11 SHT Qs suawndads ‘z8/6 ‘ZH9E0S Jojesdbigey [ . ABojoig
il9sed " ON ON I ZET APs s|RaIWaY2 '6//0T 'SOSEQS ojerebuysy | Abojoig
layeg ON ON II EEES S|EDIWBYD 6/ /€ "£SZE£0S "I0jesabujay Aboolg
ajsang ON ON II 9Z1T 4IPS suswipads ‘T£/8p "Jojelabisy Abojoig
Assaubneyg ON ON 11 6T GBS suswidads "czopd IORISDLTY Abojoig
v$99 Y ON 11 S Pooj “iojesablyay Abojorg




Juopeiabryal

Jaseld 111 loj paJinbau VY895 Wwooy
1SI ‘Agsiway) ON 51 SIWd 32YM ‘ON II ve Bpig obrioys Juabeal [ediBojolq/[ediayd ‘39 Ansiway)
S EIETSIEY] IeH
Jaseld 111 10J palmbal 100[4 Yyis abeio)s uswidads
18I ‘ARsiway) ON S! SWd 3BYM ‘ON i ve Bpig | 1821601019 ‘776205 “fojesabluysy alowusy Ansnsayd
suonelablyal
Iaseld 111 Jo) paanbal 895 Wooy
1SI ‘Ansiusy) ON 5! SWd 3eUM ‘ON II ve Bpig | Bulip azeay '0///+ 1910000A1) GB|SeN Ansiway)
suonessbiyal
Jaseld 111 1o} paynbay 295 Wooy :
18I ‘Ansiway) ON S Sild 38UM ‘ON I ve Bpid abeuo)s Juabeat fedjwaypd ‘auiepibuy Ansiway)
suonesablyal :
laseld 111 103 paunba. 296 WOOY obeJo3s Juabead
151 ‘AsiuLyD ON St SWd 12UM ‘ON I ve bpig [efwaYP ‘0Z620S ‘1979314 SI0Wu)y Anstway)
suonesabuysl
Joseld I Joj paumnbau 896 Wo0y obeso3s Jusbeal i
18I ‘Ansiusyd ON SI SIWd 1BYM ‘ON I ve bpig [eDIWBYD ‘STEZ0S “19Zaald dI0Wua)y Ansiwayd
Zuonelabliyal
losel IT1 1o} paannbau 995 Wooy abeloys |eXWRYD ‘0088l
151 *Ansiway) ON S1 SiNd 3eUM ‘ON II ve bpig ‘Joold uoisojdxg ‘Joje.abLysy oW Agsiuy)
Ansiwsy) 0}
yoeq abiey-seaubug Juonesablyel eH
Jaseld 117 | uonessbugey sdo ueld JoJ palinbal JOOld uiIs abeio3s [ednuBLp s|qRwwey ‘126708
1SI {Ansiwey) 1002-2¢-2 ‘SeA S1 Slld 1BYM ‘ON i | ve bpig ‘Jooid uoisodxg “1ojesebiyey oAy Ansiway)
eupoy [ suchedo ueld ‘soA suoneIadQ ueld ‘saA i 771 9ns LIOOs Pjod lojeiabuiey Abojoig
eyooy | suonesadQ Jurld ‘SoA suonetadQ jueld ‘sa) 1 DS susWwDads ‘1979514 Abojoig
eYdoy | suogesadQ JuR|d ‘soA | suoResadQ ueld 'Sap 1 vEPT AQIOS S9.INj[nNd ‘WooIp|0) Abojoig
eyooy | suonessd Jue(d *SoA suoneladQ ueld ‘se 1 £9€ Y125 suatads ‘wooipjo) Aboroig
‘ sjue|d pue sjeunue
eyooy | suopesadp jue|d ‘sop [ suopesadg jueld ‘sop I GZ€ aPs ‘JOH T ‘Pl0D T ‘SiequIel]) Ymols ¢ Abojoig
slpuowl selnyn>/s|EDIuayD
Iaeg ON 9 Auaaa “Jayeg ‘sop 11 Q£ 815 ‘00/€ ‘8£9TTS 19z plodenin Abojolg
Syzuow saInyn3/sEoiayd
Seg ON 9 A1RAD “Jaeg ‘oA 1I 0£Z 9PS ‘88/7T 'SEEEOS ‘Jozeal4/10jeiabl1RYy Abojoig
— SLpuoW
Iaxeg ON 9 AIA3 Iaxeg ‘Sap 1 0£Z 4I5S S|eOIWSYD ‘€6/TT “LSTHOS “1azeal] Abojoig
SUjUoW
Jaeg ON 9 A1oA9 Ieg ‘saA II 0T 9125 sa[dwes/siesiway? ‘1szaa14 Abojoig
eyooy ON SoA I vEST aPs suaLads “Iojeisbuiay Abojotg




*13]SUISS
10 Buuds psposu

ssedas aq [im a9y
‘popasu 219Mm siiedal

ou Jng ‘psuiequiew SpSas
66ig usaq sey I | Jeah Adsas Jo Ues ‘sap I 20T N ;euiuuRb ‘(unoj) siojeuiulRg Ss3NIS Ansaiog
uosdawoy | o ON SUJUOW XIS AI2AR ‘S, II /7 9dmM abelo)s pjod ‘Auojeioger Iceiabiyey sauaysl4
uosdwoy] ON syIuOW XIS AISAD 'sa) II $O7 94M sbe103)s p|od Atojeloqe] aojessbLyey saLaysy
uvosdwoy o ON SyjuoLWt XIS Aload ‘sa) I $17 94M 2be10)s pjod s1azesld osz-qns (om) E=TFETITS
. abriols
uosdwol| Yy ON syjuow xis A1oAD ‘sa) II +IZ 94M pio2 ‘siojessbuey Adojeloge (soayl) saLRysY
uosdiioy ] -y ON SLUOW XIS AlaAa ‘sa) 11 002 84M abeloys pio2 T12zaa.4 Jods piod sauRysd
uosdwoy | °y ON SUJUOLL XIS AI1BA3 ST II 21T 94M abeioys pjod TAioyeloge; iojelebiley souBYsiH
uosduioyl o ON SYJUOWI XIS AJaAR “sa iI ZIT 94M abeimys piod "Aojeloge| ojeisbuysy SsUaLsI4
uvosdwoy o ON SYJUOLW XIS AIBAS ‘S9) I 01T 94Mm abeiols p|o2 103erRbllyey alepibuy SolaysH
uosdwoy| Yy ON syiuow xis A1A9 'so II vOZT g4M abelo3s pjod “Aojesoqe] LiojessbUay seuRYsH
uosduwioy o ON syjuow Xis Alaas ‘sa i I VOZT 94M abei10js pjo2 Qsol) ou Imelabulay sauaysly
uosdwoy] "y ON SHuow XIs AaAd 'sap il VOTT g4M | 2b=u03s pjod 1ojeqnout axmetaduws ] moq SalRYsI{
DUIDS
epeuleimy ON OoN I Y/ €7 MHN pooj Ajnaey iojetabugey jews Bunnduios
suonelabiijos
uspjo9— Ajnoe4 Joj painbai ££€ Wooy oIl
"Asiwsyd ON Si SNd 3BYM {ON II ve Bpig Y2.4easal /1SS “19[0000AL) ‘9] epne] Ansiway)
suoneiabuyal
Jasel 111 10} patinbau 895 Wooy AydeiBojewonyo ainjeadway
18I ‘Ansiwayd ON SI Skid 3eym ‘oN 11 ve bpig mO| ‘508605 ‘J0jesab1ey 0oARY Ansiwsyy
éuonjelsblyal
Jasel 111 10} paJinbal d695 W00y
1SI ‘AnsiwayD ON SI SWd 32y ‘ON II ve bplg abelo)s Jusbeas (eonUBYd ‘39 Ajsiuyn
;uonelablal
Jases] 111 1oj pannbai Y895 ooy
1SI ‘AnsiweyD ON S| SWd 324M ‘ON 11 ve Bpig abeio)s Jusbeal [ed1bo|oiq/[ediwayd ‘39 Ansiway)
Juonesabual
usp[o9- AJnoed 101 pasnbau £/€ wooy L4
-Asiwayd ON SI SlAd IBYM ‘ON I ve Bpig Y24e9s31 ‘LpGSE 49|0000AID) ‘9D epnen Ansiuwisy)
Juoieiabuyal ‘
Jaseld 111 JoJ paJinbal 89S WO0Y AydeiBojeluolyn asnjeladwss)
1SI ‘Ansiwsy) ON S! SiAld @YUM ‘ON I ve bpig MO| ‘GDB60S “103eIRblley 00ASY Ansiwsys
éuonesabryal
Jaseld 11 10} paainbaz d69¢ wooy
151 ‘Ansiusy) ON SI SINd JRYM ‘ON I ve bpig abei0js Jusbeal [eoiwBYyd ‘39 Ansiwayy




WwooL0)s

N Jo weybnyg ON ON I SZT UN safqeysuad Jo abeioys ‘Jazeald Jybudn SMYY
WOOLI0TS . salqeysuad
ﬂho Emw.l._E\m ON ON 1T STZUN 40 ebeuoys (sa1) sso3esRblyay [lews SMIY
Jpuexsly °d ON ON 11 T/¥ VRS abeicys wily “10jelablyey dopsiuncd SOISAUd
. ploo
oN ON I ZZ1 HO suonedpatl pue sejdwes 101136159y - Buisiny
Woo.LI0S
YN PuUB SMAY ON uenIuYda ] YN ‘SIA I 60Z YN | obeJ0)s paas pue jedjwsyd ‘JojeRbilysy | SMYY/IdUN
abeiojs
WOOD30)S UN ON UBPDIUYD) YN "SOA I 0T dN [edway ‘J03e1abLyay Jooid-uoisojdxa IddN
d3SUNI ON ON i} 8¢ 'SH 19733 d35dNI
d3SUNI ON ON II 8€ 'SH (om3) s103e1bLIRY d3SUNI
spuow! aHx
YWON S\ aa1y1 A1A2 ydop ‘soi I ZZHA | uo =qmy Aeu-x S[00D UI[IYD) JSRM SLRSEH ABojoan
abeuols adwies (000 “1ozoa1d/103e1ebiloy |
UHON ON ON II PTT HWA "} 21N 17 ‘SI0WUDY AB0oj09
sliedal au ssxjew
puL 3502 9Y3 SU2A02 |
suonesado jueld suonessdo sajdwies 210 usjjod
-suoneisdQ jue|d ‘A1essanau uaym oN ueld ‘Ajlenuue ‘sap I STz 3| pue sbuypsas san Jo aberoys ‘wooy piod Ansaiog
Jiedal pue jeaow=l _
3Iom 3L pIp 3d3p Jojow yum sdjay
sqing aty papinoid | suonesado jueld ™om
suonetado Jueld uonesablyal-uou sy
‘10 Buuds padwe) | ||e seop 1dep ‘sisowas
Bbig | -21 sem taqueyd sun AaAD Jo s ‘sak I vo6TT ¥N sjued moab ‘(sangy) s1aquIRYD YIMoID Ansalod
{syred >03s
pasn) sjPUUBLD SADR
[|® UO SI1I0AISS21 IO
p3jly-a4 {(sped ¥o01s
pasn) [puueyd aAde syed jue|d ul uotjendsas
bblg | =uo uo sjess paoeday | 1eaA AloaR JO MBS ‘sop I 80T ¥N 2JnNseaut 0] pasn “sjawondsoy uos|io Ansalod
Jiun s31-92ueu3UIRW abei0)s
bbig ON pajeas ‘oN I V6TT dN [ed1waYd Apsow ‘Iazasld/lolelsbllay Ansaiod
JUN 331-2dueuzuIEUl
BEig ON pajeas ‘oN II 20T N obeliols poss “19zes.4 Ansaiod
Jossa1dwioD
poleas sey auoewl syued
bbig OoN ‘popeau se isnf ‘oN II V6TIT N | 4o snbuny Jo ssumyjnd uiejuiew “ojeqnou Ansauod




TT Waooy

AyblI0n ON ON II L1 6pig Uyoeasal ‘Buiyoes) 1ozl 3JIIPIIM

TT Wooy
AnyBijon ON ON II L1 bpia NOMQ/Buiyoesy “19za214 3JIpitm

1T Wwooy
Apybiion ON ON II L1 bpig NOMO/Bulyoesy “1azoal-/icieeblyey SJIPIM

& Wooy
ARydlion ON ON 1 L1 Bpig NOMO/BuIydes) ‘Jazsaid ANPIM

6 Wooy
Aybijo9 ON ON 11 LT Bpig yoIeasal/buiyoes) ‘1973314 AJIPIM

& Wooy
Anybioo ON ON II L1 6pig Youeasal/Buiyoes) ‘Iezeald/iojessbiey AIPIM

6 Wooy
Ayboo ON ON II L1 6pig Yo.easal/Bujyoes) 1ozaaid/1ojessbley SIPIM

. £ wooy
Apybijon ON ON 11 L1 Bpig L212953./BuIyoes) “1szesl4/10jesabusey SJIIPIM
A3ybloo ON ON II b 9IM Ud1e3asa1 ‘Buiydesy “ojesbiiyey SJPIM
Alybios ON ON II ¥99T 9dM yo1eassl ‘buiydes) "1ozsel] EIE
Anybijos ON ON 1 V99T 84M | YdJeasal ‘buiydes) ‘1ozedid/10ieisbiyey NPIM
suonessdQ Juejd suoieadQ Jueld sSA suonetado Jue|d ‘ssA I $9T g4M buiyoea) ‘u-yjem ezasyy NPIIM
Anyblioo ON ON II 9 9IM pooj [ewiue “J5zaa.4 AJNPIIM
AlybijoH ON ON il 9 g4M pooy |ewiue ‘1azad.g SJIPIIM
Apybijos ON ON 11 £ 84M POOJ [RUIUR 132391 aPlim
Ajybiios ON oN I £ g4M PooJ [ewlue "19zoald AJIIPIIM

T Wooy
Apybijoo ON ON Il ¥£ bpia pooj |ewiue ‘13z9914 SPIM

T Wooy
Apybio9 ON ON II +€ Bplg pooy [ewiue ‘1979314 ANPIIM

T Wo0y
Aybros ON ON 11 ¥£ bpig pooj [ewiue ‘19793.4/10)esab11jay NP1

TT WOOY
Apyblion ON ON 1 be bpig abeuols Bnip Jojesabiiey SIPIM

{obunon

Woon0IS Juspnis)
AN Jo weybjng ON ON I 20T UN 30]AI3S POO) GNPR USpMs ‘siojetsbLysy S

LLOOID0IS SasAjeUe
N JO JlomxneH ON ON I gzt uN aunjeladwa) pajlonuod ‘yied J21em SMYY
Wwoo201S YN SUOIIN|OS [eIIWaYD

JO [eysiel S ON ON 11 90T WN | pue epaw jo 36ei0}s ‘Jojerabuyey |lews SAMYY




(10

JBWWRS $17
HE ©3 2A0W
,mw_u ON II M) T aps uonels qe sozeiabuyay Buueaubug
T T 1I TT @S Jojerdbiyey | Buusauibug
B R i IT dPRs Jojeqnoul Buusauibuy
ELE] ON i ANES JOyeqmouU] | Bunissubuy
3 Jledal spoaN unolg I 6 ans Jojeqnoug buLsaubug
‘uiebe Jeda) spasnN
"3y Aq J0) pied "0S/$
- Avedwod sndwes
HO AQ obe sieah
I3 oM} palieday 'sop ON aben grs Jojeqnour Buusauibug
UOITBID0SSY
JU3pN3S 343 ON ON II £20 APS -abeios pooy ojesabuyey | Buusauibuz
ENE] ON ON 1I 8T "SH ebelojs pooy lojelabl)ey buusauibug
suonesadQ weld . ON suopeladQ Jueid Sap I 9ET 9dM |  YpJeRsal ‘bulydes) 1dap “ui-ijem T1azeald JPIM
Dleasal
suopesado Jueld ON suonessdQ jueld ‘soA I OET g4M ‘Butyoea) 1dsp ‘u-yjem cshmmEmm ANPIM
1T Wooy
ARybIoS ON ON 11 L1 Bpig Yaseasal ‘bulyoesy Jazeold ANPIM
. TT wooy
Aubto9 ON ON II £1 6pig NOMO/buipea) ‘Jazaald 3PV
€T wooy
Ajybloo ON | suonesado Jueld ‘Sap I € Bplg buitpes) ‘ul-jiem ‘Jojesabliyay PIM |
LT Wooy
AnyBios ON oN II vE bpig S{eujew ge| ‘1azaa1d/i0jelebiey APIM
S sojdwes
3oe|g ON ON 1T 0TT g4M [ewiue/jueld ‘13zss.14/10)e5eb15Y SJIPlIM
suswidads
abioan ON ON I 87 94M obe.o)s ‘Jazav.i4/10)e1ablijoy OAueS HIPIM
_ Abojoiqo.oiw
Js|nog ON ON I PET 94M ‘JazaR.d /103eIabUDy anepiblid PN
su)0.d
umolg "y ON ON 11 PET 94M sbeal ‘sajdwies ansshy 1e7eiy D.98- 24IIPIIAA
suopesadg uelg ON suonesadg Jur|d san I 9¢T gdm | unieasal ‘Buiyoea) 1dop “ul-yjem “1azosly PIM
yoleasal
suonelsdo jueld ON suonessdQ Jur|d ‘saA i 9fT g4M ‘Buiyoesy 1dap ‘ul-yjem ‘103esobLysy AP




"SIUIUOD JO UORENIRAR puR Juswadeidal Atriodwa] e o) sobuslie (c

pue ‘pagy Apew 03 Jedst 10) 3sonbal sy spuas (z

‘wajqoad 2y sessasse (1
:0Um Jdjeg Auoyiuy 03 swajqosd podal sienpiapul 9soy [ Clenplaiput djqisuodsal e S1 9191) Ydiym Jo) eade ue ur st sojessbLyas yoea
:Abojorg 103

:S9ION



Top-Rated Energy Efficient Refrigerators mailbox:///C)/ WINDOWS/Application%20Data/Mozilla/Profiles/jd...

different-sized refrigerators or freezers use the same amount of electricity per
year, the larger model can be considered more efficient because it keeps
more space cold with the same amount of electricity).

These lists represent the best-of-the-best in energy-efficient appliances. The
ACEEE publication "The Consumer Guide to Home Energy Savings” offers a
more extensive list of efficient appliances.

Please note that an asterisk (*) appearing in a model number indicates a digit
or letfer that varies with features of the appliance not affecting efficiency or
capagcity (for example, color).

Top-Rated Refrigerators and Freezers
[(CTop Freezer: less than 18 cubic feet [ZSingle Door Refrigerator; all sizes

[CCompact & smali combo: less than 10.5
cubic feet

[ ‘Top Freezer: greater than 21 cubic feet ECgmpact & small fridge: less than 10.5
cubic feet

[_Top Freezer; 18 - 21 cubic feet

[Bottom Freezer [—Upright Freezer: all sizes
[’side-by-side: less than 25 cubic feet [CChest Freezer: all sizes

[ Side-by-side: greater than 25 cubic feet

Top Freezer, Automatic Defrost, less than 18 Cubic Feet
Energy Use  Annual Energy

Brand Model Volume (kWhyr) Cost ($)*
Sun Frost RF-16 14.31 254 21
Whirlpool ETSWSE*K*0 14.54 372 31
Magic Chef CTL1511GEW 14.96 386 32
Magic Chef CTN1511GEW 14.96 386 32

Top Freezer, Automatic Defrost, 18 - 21 Cubic Feet
Brand Model Volume Energy Use  Annual Energy

(kWh/yr) Cost(3)"
Kenmore 6397*30* 18.79 392 32
Kenmore 6398*30* 18.79 392 32
Kenmore 7397*30* 18.79 392 32
Kenmore 7398*30* 18.79 392 32
Kenmore 7290*20* 18.75 416 34
Kenmore 6199*10* 18.79 416 34
Kenmore 6399*20* 18.79 416 34
Kenmore 7299*20" 18.79 416 34
Whirlpool GT9SHK*M*O* 18.81 416 34

Top Freezer, Automatic Defrost, greater than 21 Cubic Feet
Energy Use Annual Energy

Brand Model Volume (kWhiyr) Cost (3)*
Kenmore 732830 21.55 437 36
Kenmore  7329*30* 21.55 437 36

2 of 7 2/11/04 1:52 PM
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Kenmore
Kenmore
Kenmeore
Kenmore
Kenmore
Kenmore
Kenmore
Kenmore
Kenmore
Kenmore

Brand

Kenmore
Kenmore
Kenmore

Brand

Kitchen Aid
Kitchen Aid
Kenmore
Kenmore

LG Electronics

Brand

Kenmore
Kenmore
Kenmore
Kenmore

General Electric
General Electric
General Electic
General Electric
General Electric
General Electric
General Electric
General Electric
General Electric

6328*30*
6329*30*
6125*10*
7125*10*
7120*10"
7129*10*
7220*20*
6128*10*
7128*10*
7229*20*

Model

7295*
7225*
7228*

mailbox:///C[/ WINDOWS/Application%20Data/Mozilla/Profiles/id...

21.59
21.59
21.59
21.59
21.61
21.61
21.61
21.65
21.65
21.65

437
437
457
457
457
457
457
457
457
457

Bottom Freezer
Energy Use

Volume

18.52
21.92
21.92

(kWhiyn)

475
490
440

36
36
38
38
38
38
38
38
38
38

Annual Energy

Cost (3)"
39
41
41

Side-by-side, less than 25 Cubic Feet

Energy Use Annual Energy
Cost ($)*

| Model

KSRA22565*0*
KSSS36QM*0*
5320*20*
5329*20*

LRS*C20##™*

Volume

21.70
20.96
2191
21.91
19.63

(kWhiyr)

540
566
572
572
578

45
47
47
47
48

Side-by-Side, greater than 25 Cubic Feet

Energy Use Annual Energy
Cost ($)*

Model

5360*20"
5369*20*
5468*30*
5469*30"

PSF26NGN**
PSW26SGN**
ESS25LGN
ESS25LSN**
GSS25SXN**
ESS25GXN
PSS25MGN**
PSS25NGN**
PSS25SGN*

Volume

25.57
25.57
25.57
25.57
25.50
25.50
25.38
25.38
25.38
25.38
25.38
25.27
25.27

(kWhiyr)

582
582
582
582
613
613
613
613
613
613
613
613
613

48
48
48
48
51
51
51
51
51
51
51
51
51
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Single-door, refrigerator only, automatic defrost, all sizes
Brand Model Volume Energy Use  Annual Energy

(kWh/yr) Cost (§)*
Sun Frost R-19 16.14 204 17
Crosley FFCR17/G 16.80 372 31
Wood's RFA17NAD** 16.80 372 Ky
Sub-Zero 601R* 19.94 417 35

Compact & small refrigerator-freezers, less than 10.6 cubic feet
Energy Use Annual Energy

Brand Model Volume (KWhiyr) Cost ($)*
Absocold GARDS562MG10R/L 560 268 22
Avanti 1201W-1 11.00 277 23

Compact & small refrigerators, less than 10.5 cubic feet
Energy Use Annual Energy

Brand Model Volume (kWhiyr) Cost ($)*
Avanti RM901W 8.70 230 19
Avanti BCA902W  8.87 247 20
BSH Home Appliances RC29 9.98 274 23

Upright freezer, automatic & manual defrost, all sizes
Brand  Model Volume  EnergyUse  Annual Energy

( (kWh/yr) Cost ($)*
Avanti VM799W 7.50 292 24
Wood's  VIONAE* 10.40 363 29
Wood's VISNAE* 15.00 409 34
Crosley WCVI17/E 16.90 430 36
Wood's VI7NAE 16.90 430 36

Chest freezer, manual defrost, all sizes
Brand Model Volume Energy Use Annual Energy

(kWh/yr) Cost ($)*
Crosley WCC10/E 10.0 282 23
Crosley WCC12/E 12.2 298 25
Crosley WCC12/G 12.2 298 25
Wood's CO9NAD 9.0 251 21
Wood's C10NAE 10.0 282 23
Wood's C12NAD 12.2 298 ' 25

*Annual energy cost based on U.S. national average electricity cost of 8.28
cents per kWh.

Please note that an asterisk (*) appearing in a model number indicates a digit

( or letter that varies with features of the appliance not affecting efficiency or
capacity (for example, color).

4 0f7 2/11/04 1:52 PM
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Other Top-Rated Appliances
[ _Top-Rated Clothes Washers

[_Top-Rated Dishwashers

["; Top-Rated Room Air Conditioners

[l Top-Rated Central Air Conditioners

[ Top-Rated Water Heaters

I~ Top-Rated Bolilers

I Top-Rated Furnaces

[7_Top-Rated Conventional (Air-Source) Heat Pumps

Energy Policy | Pregrams | Press & Media | Consumer Resources
Publications & Meetings | Site Map | Home

© American Council for an Energy-Efficient Economy.

All Rights Reserved. Read our Copyright and Permission requests
information,

Read our privacy guidelines. Contact us.
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Home Energy Magazine Online January/February 1996

TRENDS

United States Leads in Refrigerator

2/11/04 1:52 PM
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Efficiency

{ Japan recently adopted the International Standards Organization (ISO) energy test procedure
for measuring the energy use of its refrigerators. This is a closed-door, constant temperature
test, similar to that used by the U.S. Department of Energy. Now it is easier to compare the
energy use of Japanese, European, and U.S. refrigerators. Figure 1 shows the range of energy
use for all three groups. Energy efficiency is expressed in kWh per year per liter of refrigerator
capacity. (This is how the Europeans calculate efficiency.) For reference, an 18 ft3 refrigerator
has a capacity of 510 liters.

While Japanese refrigerator efficiency has stagnated in the last decade, and European
refrigerators have made modest gains, the U.S. units have jumped ahead of the pack. Some
American units provide twice as much refrigerator capacity for the same amount of energy
consumed as the Japanese units. Whirlpool's Golden Carrot refrigerators, and similar models
offered by Whirlpool's competitors, ensure that the gap will widen.

This data summarized in Figure 1 should be interpreted with caution. First, Europeans and
Japanese use smaller refrigerators than Americans, so the actual difference in energy use per
refrigerator is much less than these figures indicate. Second, the refrigerators provide slightly
different amenities. The European models are more spartan than the Japanese and U.S.
models. Third, the U.S. energy test procedure differs slightly from the ISO test procedure. The
U.S. test can yield & 2% to 46% higher energy use for the same refrigerator (thus the U.S.
models may actually be further ahead than shown).

( Most of the U.S. efficiency improvement occurred during the late 1980s, when Europe and
Japan lacked efficiency standards. These most recent results demonstrate that the combination
of U.S. federal efficiency standards and utility incentives (like the Golden Carrot) have
successfully catapulted U.S. manufacturers to the forefront of energy efficiency.

~-Alan Meier

Figure 1. Comparison of energy consumption per liter
of frost-free refrigerator-freezers manufactured in the i
United States, Europe, and Japan in 1995. |
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