NEEA EVAPORATOR FAN INITIATIVE CASE STUDY
Valley Fruit - Wapato, Washington

Summary

As an energy efficiency measure, a variable frequency drive
(VFD) was installed to allow reduced fan speed operation in
an 1806 hin controlled atmosphere (CA) room used for storage
of red delicious apples.

The impact of VFD operations during a storage season was
monitored on three sets of test fruit; premium size 80's, fancy
size 80's, and apples that were not sprayed with "ReTain".
The major test parameters are summarized in Tables 1-4.

Table1 - Test Energy Savings

Conditions at the End of CA Holding
Test Initial | Control Room|VFD Room Improvement
Characteristic | Conditions| Room 16 Room 14 |Room 14 - Room 16
% Energy Use N/A 100.0% 21.6% 78.4%

= Substantial energy savings were realized with the VFD
versus the constant fan operation control room.

Table 2 - Fruit Testing - Premium 80's
Conditions at the End of CA Holding

Test Initial | Control Room|VFD Room Improvement
Characteristic | Conditions|] Room 16 Room 14 |Room 14 - Room 16
Mass Loss (%) 0.00% 2.24% 1.99% 0.25%
Firmness (psig) 15.1 12.5 14.0 1.4

Table 3 - Fruit Testing - Fancy 80's
Conditions at the End of CA Holding

Test Initial | Control Room|VFD Room Improvement
Characteristic | Conditions|] Room 16 Room 14 |Room 14 - Room 16
Mass Loss (%) 0.00% 2.12% 2.06% 0.06%
Firmness (psig) 15.1 12.8 12.4 -0.4

Table 4 - Fruit Testing - No ReTain
Conditions at the End of CA Holding

Test Initial | Control Room|VFD Room Improvement
Characteristic | Conditions|] Room 16 Room 14 |Room 14 - Room 16
Mass Loss (%) 0.00% 2.62% 2.39% 0.24%
Firmness (psig) 14.8 12.4 10.7 -1.7

Results from the fruit testing showed:

= L essmasslossin the VFD room for al three sample groups.

= An increase in average fruit firmness in the VFD room for
the premium 80's.

= A decrease in average fruit firmness in the VFD room for
the Fancy 80's and no ReTain apples.

Economics for a full-scale VFD retrofit project are estimated
in Table 5. Installation costs are anticipated to be
considerably lower for a full-scale retrofit as compared to the
field trial installation.

Table 5 - Economicsfor Full-Scale VFD Retrofit Project

Prgject Cost Cost Savings per Year Simple
VD Retrdfit (15 hp) Energy Mess* Totd Payback (years)
$2,600 SLEA 656 2,340 11

*Mass savings based on the average from the three sanyle groups.

Field Trial Description and Purpose
The VFD ingallation was performed through the "Evaporator
Fan VFD Initiative" a market transformation program

sponsored by the Northwest Energy Efficiency Alliance
(NEEA) and operated by Cascade Energy Engineering to
promote the use of VFDs in refrigerated warehouses.

The purpose of the VFD ingtallation was to demonstrate the
energy efficiency of the VFD technology and to determine the
impact of reduced airflow operation on the commodity in
storage. Pending a positive outcome of the field trail, the
technology could then be safely and profitably installed on a
full-scale basis.

Field Trial VFD Installation

A 15 hp VFD was installed to regulate fan speed on an
evaporator coil providing refrigeration to a CA storage room.
The evaporator coil was equipped with five 2 hp fan motors.
An input line reactor and a dV/dT output filter were added to
provide harmonic and motor protection.

VFD versus Control Room

Two identical rooms were selected for comparison. VFD
speed control was employed in room 14. Fans ran at 50%
speed after a 40 day fruit pull-down period. In the control
room (room 16), full speed fan operation was employed during
the entire storage season.

Fruit Selection/Sample Creation

Samples were created from a single bin representing each of
the three fruit test groups. Sample fruit were individually
weighed and labeled. Weights were recorded to 1/100" of a
gram. For each of the three sets of test fruit, 15 sample bags,
each containing 6 fruit, were created for each test room. Mesh
plastic bags with ~1/2 inch openings were used to minimize
the impact on air or moisture flow.

All 90 samples were created during a single day. Samples
were stored in covered boxes under refrigeration until placed
in the proper test location. 30 fruit were sent to a test lab to
establish initial fruit conditions.

Sample Placement

Samples were placed in identical locations as the respective
rooms filled. Sample bags were placed in the center of a bin
covered by a layer of fruit. Samples were place in three cross-
sections of the room. Five sample locations were selected in
each cross-section as illustrated in Figure 1. The locations of
the three cross-sections are illustrated in Figure 2.

Figure 1 - Sample Locations- Front View
Top of Stack

Floor
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Figure 2 - Sample Location - Top View

Table 7 - MassLoss Summary - Premium 80's

Sample Mass Loss (%)

Coil Location VVED Room| Control] Improvement|

2 2 Evaporator End, Lower Left 1.93%| 2.42% 0.50%

1 Evaporator End, Lower Right 2.36%] 2.06% -0.29%

Evaporator End, Middle 2.07%| 2.13% 0.05%

Evaporator End, Upper Left 2.12%] 1.98% -0.14%

Evaporator End, Upper Right 1.65%] 2.00% 0.35%

Mid-room, Lower Left 1.85%| 2.17% 0.32%

Mid-room, Lower Right 2.14%| 2.34% 0.20%

Mid-room, Middle 1.75%] 2.18% 0.44%

Mid-room, Upper Left 2.11%] 2.30% 0.19%

Mid-room, Upper Right 1.91%| 1.97% 0.06%

Opposite Evaporator, Lower Left 1.97%] 2.36% 0.39%

Opposite Evaporator, Lower Right 2.04%] 2.90% 0.86%

Opposite Evaporator, Middle 1.53%] 2.06% 0.53%

P q % Opposite Evaporator, Upper Left 2.12%| 2.18% 0.06%

Opposite Evaporator, Upper Right 2.25%]| 2.52% 0.27%

Total 1.99%]| 2.24% 0.25%

Evaporator End (5 Samples) 2.03%] 2.12% 0.09%

Mid-Room_(5 Samples) 1.95%| 2.19% 0.24%

Opposite Evaporator (5 Samples) 1.98%| 2.42% 0.43%

Upper (6 Samples) 2.02%] 2.16% 0.13%

Middle (3 Samples) 1.75%| 2.13% 0.38%

Lower (6 Samples) 2.05%] 2.38% 0.33%

Left (6 Samples) 2.02%] 2.23% 0.22%

Middle (3 Samples) 1.75%]| 2.13% 0.38%

Right (6 Samples) 2.06%]| 2.30% 0.24%

= An average mass loss improvement of 0.25% was recorded.

2 1 2 = 13 of 15 sample sets showed less mass loss with the VFD.
Table 8 - MassL oss Summary - Fancy 80's
Door Sample Mass Loss (%)

Ly . . Location VFD Room| Control| Improvement

CA Conditionsand Room L oading and Unloading v p——— >o1oel Looo o050
The VFD and control rooms were maintained at similar Evaporator End. Lower Right 254%| 2.11% -0.43%
temperature, O, and CO, conditions throughout the storage Evapgrator End, Middle 2.13%|. 2.07% -0.05%
period_ Evaporator End. Upper Left 1.72%] _1.85% 0.13%
] ] Evaporator End, Upper Right 2.11%] 2.03% -0.08%

Table 6 - Room L oading and Unloading Mid-room, Lower Left 1.80%| 2.06% 0.26%

Mode of Operation VFD Room| Control Room| Difference | Storage Advantage Mid-room, Lower Right 2.12%| 2.37% 0.25%
%%Q%?ﬁ%?nzagz\g‘ Al 21315 21215 100 (’:\loon’:‘ril Mid-room, Middle 1.81%)_2.09% 0.28%
Unloading Days (Non-CA) 2 3 -1 VED Mid-room, Upper Left 2.02%]..1.92% -0.10%
Total Storage Days 246 237 9 Mid-room, Upper Right 1.90%| 2.33% 0.43%
= The loadi ng, storage and unloadi ng schedules were very ODDosite Evaporator, Lower Lgft 2.47%|.2.51% 0.04%
similar providing no distinct advantage to either test room. Qpnosite Evaparator, Lower. Right 2:22260 2.22% 0:3L%
Opposite Evaporator, Middle 1.78%]| 1.84% 0.06%

Samp|e Retrieval Opposite Evaporator, Upper Left 2.07%] _2.02% -0.05%
Test samples were retrieved from test bins as the bins were Qpposite Evaporator, Upper Right L.83%] 24306 0.59%
removed from storage. Individual fruit were reweighed. All Total 2.0000) 2. 12% 0.06%6
les were then delivered to alab for further testing. E\.'aporator End.( Samples) 2.09%/, 2.00% -0:09%
Samp 9 Mid-Room_(5 Samples) 1.93%| 2.16% 0.23%
M ass L oss Results Opposite Evaporator (5 Samples) 2.15%] 2.20% 0.05%
Evaluation of the mass loss results showed an overall U‘.Jper (6 Samples) 1.94%), 2.10% 0.16%
. . Middle (3 Samples) 1.90%]._1.99% 0.09%
improvement for samples stored in the VFD room. Lower (6 Samples) 52591 2 20% 20.05%
Left (6 Samples) 2.02%] 2.05% 0.04%

Middle (3 Samples) 1.90%| 1.99% 0.09%

Right (6 Samples) 2.18%)]| 2.25% 0.07%

= An average mass loss improvement of 0.06% was recorded.
= 8 of 15 sample sets showed less mass loss with the VFD.
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Table9 - MassLoss Summary - No ReTain

Figure4 - MassLoss - Individual Fruit - Fancy 80's

Sample Mass Loss (%) 4.0%
Location VED Room| Control}Improvement|
Evaporator End, Lower Left 2.74%| _2.47% -0.27% 85% 1 ~ VD Room - 14
Evaporator End, Lower Right 3.42%]._2.81% -0.60% 3.0% - Control Room - 16 ¢
Evaporator End, Middle 2.30%]._2.29% 0.00% o
Evaporator End, Upper Left 2.22%| 2.31% 0.09% Soswd - - - - oo fgéxiﬁzigh' ]
Evaporator End, Upper Right 2.63%| 2.44% -0.19% ] ,ggggggzﬁzﬁﬂ
0000000 ZRREZ
Mid-room, Lower Left 2.19%] _2.90% 0.71% z i O(;ac,o;oo’oowgﬁiimmﬁ8 ””””””
Mid-room, Lower Right 2.40%| 2.62% 0.22% S o O samasasantpaoses st
Mid-room, Middle 2.30%|.3.03% 0.74% PP e
Mid-room, Upper_Left 2.05%|._2.85% 0.80% 0% & - - -
Mid-room, Upper Right 2.37%]| 2.62% 0.25%
Opposite Evaporator, Lower Left 2.05%|._2.76% 0.72% [
Opposite Evaporator, Lower Right 2.65%]._2.63% -0.02%
Qpposite Evaporator, Middle 1.85%]. 2.33% 0.47% 0.0% . o e T TS ST TR T
ODDOSite Evaporator,_Upper Left 2.33%|..2.49% 0.16% 89 Sample Apples per Room - Sorted from Lowest to Highest Mass Loss
Opposite Evaporator, Upper Right 2.53%]| 2.87% 0.34%
Total 2.39%| 2.62% 0.24% Figure5- MassLoss- Individual Fruit - No ReTain
Evaporator End (5 Samples) 2.65%]._2.46% -0.19% 5.5%
Mid-Room_(5 Samples) 2.26%| 2.81% 0.55% L .
Opposite Evaporator (5 Samples) 2.28%]| 2.62% 0.34% « VED Room - 14
Upper_(6 Samples) 2.36%] 2.59% 0.22% %7 . Control Room - 16
Middle (3 Samples) 2.13%| _2.54% 0.40% 40% 7 - - - - m s - - ;o"q
Lower (6 Samples) 2.55%]| 2.70% 0.15% Caswf -« - oo ,
Left (6 Samples) 2.25%|..2.62% 0.37% Baoml e st
Middle (3_Samples) 2.13%]._2.54% 0.40% > B 009Oc,gﬁgizggggz(;@m%ﬁf% o
Right (6 Samples) 2.65%| 2.67% 0.02% g soapponoos 0 2o ot
. 2,00 4 - - oo R maneta T
= An average mass loss improvement of 0.24% was recorded. 020 Banaent
. L T
= 10 of 15 sample sets showed |ess mass loss with the VFD. Lo%
LO% + - - - - - - - s s s s s s s s s
The following figures show the mass loss improvement with S
the VFD on an individual fruit basis. . ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Figure3- MassLoss- Individual Fruit - Premium 80's 0 0 20 3 40 50 6 70 &€ 9
1.0% 90 Sample Apples per Room - Sorted from Lowest to Highest Mass Loss
2.5% | ) Fruit Firmness Test Results
# VFD Room - 14 Results from firmness testing done at the conclusion of CA
% - ° Control Room - 16 o° . .
3.0% ontrel Room storage of the test rooms are presented in the following tables.
R R g Table 10 — Fruit Firmness Results -Premium 80's
§ R ‘*°°°°Z:ZAMMMAM VFD Room | Control Room | Improvement
z 20% 1 - - - - (’OOO’W?uobw(’c"“O’OZA’AM;A@A’AA@AAM ”””””” Sample ID Name Firmness (psig)| Firmness (psig)] Firmness (psig)
g AMAMAMM [Evaporator End, Lower Left 144 132 12
B T Evaporator End, Lower Right 140 138 02
. Evaporator End, Middle 136 127 09
R T [Evaporator End, Upper Left 132 128 04
0% b« o - |Evaporator End, Upper Right 14.3 128 15
S Mid-room, Lower Left 141 127 14
0.0% Mid-room, Lower Right 144 12.6 18
0 10 20 30 20 50 60 70 80 %0 Mid-room, Middle 14.2 13.0 13
89 Sample Apples per Room - Sorted from Lowest to Highest Mass Loss 136 127 0.8
13.5 12.3 1.2
137 118 18
134 10.8 26
148 126 22
142 118 24
Opposite Evaporator, Upper Right 14.2 12.5 1.6
Total 14.0 12.5 14
[Evaporator End_ (5 Samples) 139 131 0.8
Mid-Room (5 samples) 139 12.6 13
Opposite Evaporator (5 Samples) 14.0 11.9 2.1
Upper (6 Samples) 138 125 13
[Middle (3 Samples) 142 127 15
Lower (6 Samples) 14.0 12.5 15
Left (6 Samples) 139 125 14
[Middle (3 Samples) 142 12.7 15
Right (6 Samples) 13.9 12.5 15
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= Fruit stored in the VFD room tested 1.4 psig higher in
firmness on average than that stored in the control room.
= All sample setstested higher for firmnessin the VFD room.

Table 11 — Fruit Firmness Results -Fancy 80's

Energy Savings

Motor current and input power were monitored on the control
and VFD room evaporator fans respectively. Energy savings
were calculated based on the monitored data

VFD Room | Control Room | Improvement .

Sample ID Name Pressure (psig) | Pressure (psig) ] Pressure (psig) Flgure6 - VFD Room |npUt Power
Evaporator End, Lower Left 12.7 13.6 -0.9 12.0
Evaporator End, Lower Right 13.1 14.1 -1.0 110+ - == - Lo o oLt
|Evaporator End, Middle 132 13.1 0.1 100 HL - - v o]
[ Evaporator End, Upper Left 12.1 11.5 0.6 = # ‘ Lo ‘ ‘ ‘ ‘ ‘ ‘ ‘
Evaporator End, Upper Right 121 133 12 s 90 I R R SRR,
Mid-room. Lower Left 114 126 12 Dui e
Mid-room, Lower Right 133 12.0 1.2 g TOT S T T T T T T T
Mid-room, Middle 12.7 12.7 0.0 g 6.0
Mid-room, Upper Left 12.1 13.4 13 = B0 - e
Mid-room, Upper Right 12.1 12.9 -0.7 g_ 4.0 o omems o oo
| Opposite Evaporator, Lower Left 11.7 12.4 -0.6 = e T
| Opposite Evaporator, Lower Right 116 12.8 12 ' j j Lo j j L j j j
[Opnosite Evaporator, Middle 119 13.2 12 207 - mm A
[ Opposite Evaporator, Upper Left 133 12.4 0.9 LOT o s T T T e T
Opposite Evaporator, Upper Right 13.1 12.7 0.3 0.0 ~———im
Total 124 128 04 S 8§ 8§ 8 8 &5 85 € 5 5
[Evaporator End (5 Samples) 12.6 13.1 05 o S T S SIS Y
i o & o 12.3 127 04 Peee s s e 0" e s
Ogmsite Evaporator (5 Samples) 1_2.3 1_2.7 -0.4
Upper (6 Samples) 12.5 12.7 -0.2
Middle (3 Samples) 126 130 04
Lower (6 Samples) 12.3 12.9 -0.6
Left (6 Samples) 12.2 12.6 -04
Middle (3 Samples) 126 130 04
Right (6 Samples) 12.5 13.0 -0.4 g
= Fruit stored in the VFD room tested 0.4 psig lower in 5

firmness on average than that stored in the control room. 2
= 5 of 15 sample sets tested higher for firmness in the VFD <
room. §-
Table 12 — Fruit Firmness Results-No ReTain
VFD Room Control Room | Improvement

Sample ID Name Pressure (psig) | Pressure (psig) | Pressure (psig)
[ Evaporator End, Lower Left 10.2 13.5 -33
[Evaporator End. Lower Right 99 123 24
[Evaporator End, Middle 106 119 43
Evaporator End, Upper Left 11.0 11.8 -0.8
Evaporator End, Upper Right 11.1 12.6 -1.5
Mid-room, Lower Left 104 12.3 20 Figure 8 - Energy Use and Savings
Mid-room, Lower Right 10.8 11.6 -0.8 I Control Room # 16
Mid-room, Middle 11.0 12.0 10 8,000 CIVFD Room # 14
Mid-room, Upper Left 10.0, 12.6 -2.6 7000 1 M Energy Savings
Mid-room, Upper Right 11.0 13.5 -2.6 ! - - o
Opposite Evaporator, Lower Left 11.8 12.6 -09 6,000 T - SRS B R EE N S A I - S -
| Opposite Evaporator, Lower Right 113 11.9 -06 < ‘ ‘ |
| Opposite_ Evaporator, Middle, 10.3 12.7 24 E 5000 7 - 5 7o o
Opposite Evaporator, Unper Left 10.9 12.5 16 > C ]
OEEosite Evaporator, Upper Riﬂht 1_1.1 1_2.6 -1;5 g 4,000 7
Total 10.7 12.4 17 S 3,000 |
Evaporator End (5 Samples) 10.6 124 -19
Mid-Room (5 samples) 10.6 12.4 -1.8 2,000 +
Opposite Evaporator (5 Samples) 11.1 12.5 -1.4
Upper (6 Samples) 108 126 18 1,000 7
Middle (3 Samples) 10.6 122 15 0 —
Lower (6 Samples) 107 124 L7 Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Left (6 Samples) 0.7 126 49
Middle (3 Samples) 10.6 12.2 -15
Right (6 Samples) 10.8 12.4 -1.6 = System energy savings of 78.4% were achieved with the

= Fruit stored in the VFD room tested 1.7 psig lower in
firmness on average than that stored in the control room.
= All sample sets tested lower for firmness in the VFD room.

VFD.
= VFD input power dropped from ~9.3 kW at 100% speed to
~4.0 kW at 75% speed and then to ~1.4 kW at 50% speed.
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Additional Fruit Lab Test Results

Table 13 - Lab Test Results-Premium 80's
Conditions at the End of CA Holding

Fruit Initial | Control Room|VFD Room Difference
Characteristic | Conditions| Room 16 Room 14 JRoom 16 - Room 14}
Soluble Sugar 10.8 12.5 12.9 -0.4
Titratable Acid 0.228 0.154 0.174 -0.020

Table 14 - Lab Test Results-Fancy 80's
Conditions at the End of CA Holding

Fruit Initial | Control Room|VFD Room Difference
Characteristic | Conditions| Room 16 Room 14 JRoom 16 - Room 14}
Soluble Sugar 10.9 12.0 12.6 -0.6
Titratable Acid 0.254 0.185 0.169 0.016

Table15- Lab Test Results-No ReTain
Conditions at the End of CA Holding

Fruit Initial | Control Room|VFD Room Difference
Characteristic | Conditions| Room 16 Room 14 JRoom 16 - Room 14}
Soluble Sugar 11.2 12.3 12.7 -0.5
Titratable Acid 0.250 0.184 0.170 0.014

= The fruit in the VFD room had higher levels of soluble
solidsin all threefruit sets.

= The fruit in the VFD room had lower levels of titratable acid
in 2 of 3 of the fruit sample sets (the higher level was in the
premium 80's).

Economic Calculations
The economic calculations are shown in the following table.
Table 16 - Annual Savings Calculations

Product Savings
Bins per Room 1806
Ibs. per Bin 900
% Packout 80.0%
Total Ibs 1,300,320
Mass Loss Savings 0.18%
Product Savings (lbs) 2,401
Product Savings (boxes) 57
Product Value ($/box) $12
Product Value Saved $686
Energy Savings_(KWh) 46,564
*Effective Energy Cost ($/kWh) $0.0355
Energy Savings $1,654
Total Annual Savings $2,340

*Includes Energy and Demand Savings

The VFD installation cost was based on aretrofit project. A
new construction VFD installation project would cost ~ 2/3
that of aretrofit project. The simple payback on asimilar
sized new construction VFD installation would be ~ 0.7 years.

Valley Fruit - Case Study 5

Cascade Energy Engineering, Inc.



Valley Fruit - Case Study 6 Cascade Energy Engineering, Inc.



