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IntroductionIntroduction

QQ Collected detailed monitored dataCollected detailed monitored data
continuouslycontinuously at two stores for more than 12 at two stores for more than 12
monthsmonths

QQ Used direct digital control (DDC) system toUsed direct digital control (DDC) system to
collect data every 15 minutescollect data every 15 minutes

QQ Two typical supermarkets in the MidwestTwo typical supermarkets in the Midwest
–– Store A:  33,400 ftStore A:  33,400 ft22, Minneapolis, MN, Minneapolis, MN

–– Store B:  50,000 ftStore B:  50,000 ft22, Indianapolis, IN, Indianapolis, IN



Test ObjectivesTest Objectives

QQ Quantify the impact of store humidity onQuantify the impact of store humidity on
refrigeration energy userefrigeration energy use

QQ Understand the factors that impact affectUnderstand the factors that impact affect
energy useenergy use
–– latent loads, defrost, anti-sweat heaterslatent loads, defrost, anti-sweat heaters

QQ Develop easy-to-understand rules-of-thumbDevelop easy-to-understand rules-of-thumb
to predict the impact of enhancedto predict the impact of enhanced
dehumidification systems on refrigerationdehumidification systems on refrigeration
energy useenergy use



Impact of Space HumidityImpact of Space Humidity

Expected Impact of Lower HumidityExpected Impact of Lower Humidity::

QQ Reduced moisture load on display casesReduced moisture load on display cases
(and compressors)(and compressors)

QQ Reduced defrost energy use and imposedReduced defrost energy use and imposed
refrigeration loadsrefrigeration loads

QQ Reduced anti-sweat heater energy use andReduced anti-sweat heater energy use and
imposed refrigeration loadsimposed refrigeration loads



Refrigeration SystemsRefrigeration Systems

Characteristics Store A Store B
Type of System Parallel Racks

Rack A – low  temp (R502)
Racks B, C, D medium temp (R22)

Single Comp. Racks
25 Racks (R22)

Number of Compressors 18 25
Number of Zones 34 45
Total Case Length
Total Cooler/Freezer Area

716 ft
2,849 ft2

938 ft
3,685 ft2

Total Refrigeration Load 60 tons 80 tons
Active Defrost Method Hot Gas

16 zones, time terminated
Electric

16 zones, pressure terminated,
160 kW

Controlled Anti-Sweat
Heaters

10 kW 9 kW
22 kW total



Store AStore A

QQ Minneapolis,Minneapolis,
MNMN

QQ 33,400 ft33,400 ft2 2 grossgross
area (sales areaarea (sales area
77%)77%)

QQ open 24 hours,open 24 hours,
7 days7 days

QQ Built in 1985Built in 1985

Frozen Food

Meat

Frozen Food

Entrance
Exit

Produce

Deli

Dairy

Checkout

Bakery

Meat
Prep



Store BStore B

QQ Indianapolis,Indianapolis,
ININ

QQ 50,000 ft50,000 ft2 2 grossgross
area (sales areaarea (sales area
73%)73%)

QQ open 24 hours,open 24 hours,
7 days7 days

QQ Built in 1992Built in 1992

Storage & Stock Rooms

Produce

Main
Entrance

FloralBakery &
Deli

Meat & Fish

Cheese

Frozen Food

Pharmacy

Dairy

Video

Check Out Aisles

Produce
Cooler

Salad
Bar

250 ft

200 ft



Monitored DataMonitored Data

Description Store A Store B
Outdoor Air Temperature Yes Yes
Outdoor Relative Humidity Yes Yes
Sales Area Temperature Yes Yes
Sales Area Humidity Yes Yes
Frozen Food Aisle Temperature Yes -
Refrigeration System Power Yes

(compressor racks and
condenser fans)

Yes
(racks, condenser fans,

electric defrost )
Anti-Sweat Heater Power Yes

(status of controlled heaters)
Yes

(total anti-sweat heater power)
Display Case Temperatures Yes -
Defrost Control Parameters Yes -



Store A Refrigeration System:  06/15/94 to 09/30/95
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Refrigeration Energy UseRefrigeration Energy Use

Store B Refrigeration System:  05/15/95 to 02/15/96
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STORE A: Parallel Racks
       60 tons

STORE B: Single Racks
      80 tons



Quantifying the Impact of HumidityQuantifying the Impact of Humidity

Store B Refrigeration System:  07/20/95 to 09/20/95
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Impact of Humidity on Energy UseImpact of Humidity on Energy Use

QQ Multi-Linear Regression Analysis ofMulti-Linear Regression Analysis of
Refrigeration Energy Use at Refrigeration Energy Use at Store BStore B::

QQ Impact of Humidity:  9.9 kWh/day perImpact of Humidity:  9.9 kWh/day per
%RH%RH

QQ Data for period with step change inData for period with step change in
humidity…so there is little auto-correlationhumidity…so there is little auto-correlation

KWhREF   =  268.39    + 23.72•TAO     +   9.88•RH,   R2 =  0.98   
<4.7> <23.0> <9.4> t-ratios



The Impact of Terminated DefrostThe Impact of Terminated Defrost

QQ Store AStore A
originally usedoriginally used
time-terminatedtime-terminated
hot gas defrosthot gas defrost

QQ Converted toConverted to
temperature-temperature-
terminatedterminated
defrostdefrost

Store A Refrigeration System:  10/15/94 to 04/15/95
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T im e-Term inated  De frost
Tem perature-Term inated  Defrost

Savings:  69 .8 kW h/day



Defrost Analysis - Store ADefrost Analysis - Store A

QQ SIMPLE Multi-linear regression analysis (6SIMPLE Multi-linear regression analysis (6
months of data):months of data):

QQ COMPLEX regression analysis (12 monthsCOMPLEX regression analysis (12 months
of data):of data):

DEF = defrost dummy variable (0=time-terminated, 1=temp-terminated)= defrost dummy variable (0=time-terminated, 1=temp-terminated)

kWhREF   = 1490.2   + 8.7•TAO   - 69.8•DEF, R2 = 88

<99> <24> <7.4> t-ratios

kWhREF  =  1597.7   + 2.1•TAO   + 0.83•TAO2  - DEF•(145.6 -  4.0•RH),     R2 = 92%

    <52> <2.0> <7.4>           <3.8>    <3.0>      t-ratios
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69.8 kW h/day @ 22% RH

Defrost Analysis - Store A (Defrost Analysis - Store A (contcont.).)

QQ Complex and Complex and 
simple analysis simple analysis   
agreeagree

QQ Complex analysisComplex analysis
implies that energyimplies that energy        
use increases by              use increases by              
4 kWh/day per % RH 4 kWh/day per % RH 
with hot gas defrost (due to impactwith hot gas defrost (due to impact
of defrost heat on load)of defrost heat on load)

Simple (6 mo)

Complex (12 mo)
kWh = 145.6 + 4.0•RH



Store A
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Original Control

Improved Control

Anti-Sweat Heater Energy UseAnti-Sweat Heater Energy Use

QQ In In Store AStore A the  the 
originaloriginal electro electro--
mechanical controlsmechanical controls
were replaced with were replaced with 
DDC controlsDDC controls

QQ Store BStore B used  used 
standard standard 
electroelectro-mechanical -mechanical 
controlscontrols

Reduction per each % RH Store A Store B
Drop in Space Humidity (kWh/day per

%RH)
(kWh/day per

%RH)
Electro-Mechanical Controls 3.5 4.6
DDC Controls 7.8 -



Store B Anti-Sweat HeatersStore B Anti-Sweat Heaters

Store B Refrigeration System:  05/15/95 to 02/15/96
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kW h/day =  257.29 +    4.63*RH,   R2 =    0.87



QQ Hot Gas Defrost:  9-12 kWh/day-%RHHot Gas Defrost:  9-12 kWh/day-%RH

QQ Electric Defrost:  15-18 kWh/day-%RHElectric Defrost:  15-18 kWh/day-%RH

Net Impact of HumidityNet Impact of Humidity

Energy Reduction Factor
(kWh/day-%RH)

Store A
Hot Gas Defrost

60 tons

Store B
Electric Defrost

80 tons
Moisture Load Not Determined

Load Imposed by Defrost 4.0
Direct Defrost Energy Use -

Load Imposed by Anti-Sweat Heaters Not Determined

9.9

Direct Anti-Sweat Heater Energy Use 7.8 4.6
TOTAL 11.8 14.5



Comparison to Howell MethodComparison to Howell Method

QQ Calculated Energy Reduction Factor forCalculated Energy Reduction Factor for
Store B by method developed in ASHRAEStore B by method developed in ASHRAE
596-RP:   596-RP:   8 kWh/day-%RH8 kWh/day-%RH

QQ Measured Energy Reduction FactorMeasured Energy Reduction Factor
(without AS Heaters):  (without AS Heaters):  10 kWh/day-%RH10 kWh/day-%RH

QQ Measured value is higher due to impact ofMeasured value is higher due to impact of
AS heaters on case loadAS heaters on case load
–– calculated to be calculated to be 2 kWh/day-%RH2 kWh/day-%RH (assuming (assuming

2.0 kW/ton compressor efficiency)2.0 kW/ton compressor efficiency)



Seasonal ImplicationsSeasonal Implications

QQ What are the potential savings for enhancedWhat are the potential savings for enhanced
dehumidification systems?dehumidification systems?

QQ Assume maintain 35% RH for summer inAssume maintain 35% RH for summer in
Indianapolis, INIndianapolis, IN
–– equivalent to decreasing space humidity byequivalent to decreasing space humidity by

15% RH for 2,000 hours/15% RH for 2,000 hours/yryr

QQ With factor of 15 kWh/day-%RH, annualWith factor of 15 kWh/day-%RH, annual
refrigeration savings:  refrigeration savings:  18,750 kWh18,750 kWh..
–– $700 to $2,000/$700 to $2,000/yryr  (at $0.03 to $0.11 per kWh)(at $0.03 to $0.11 per kWh)



ConclusionsConclusions

QQ Humidity impacts refrigeration systemHumidity impacts refrigeration system
energy use by 10-20 kWh/day-%RH in aenergy use by 10-20 kWh/day-%RH in a
average storeaverage store

QQ  Refrigeration system features with big Refrigeration system features with big
impact:impact:
–– anti-sweat heaters (direct & indirect)anti-sweat heaters (direct & indirect)

–– electric defrost (direct & indirect)electric defrost (direct & indirect)

QQ Features with less impact:Features with less impact:
–– moisture loads & hot gas defrostmoisture loads & hot gas defrost


