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Agenda

Study Objectives
Technology Review

Results (Unit, Loadshapes, Aggregate)

Key Lessons/Recommendations
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Study Objectives

Evaporator Evaporator Door Heater

Control

Fan Motor Fan Motor
Retrofit Control

A Produce 8,760 savindsadshapes
A Determine annual kwWh and kW savings

A Suggest TRM updates
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Evaporator Fan Motor Retrofi
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Evaporator Fan Motor Retrofit
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Evaporator Fan Motor Controls

Motor controller
CADMUS




Evaporator Fan MotoControls
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Door Heater Controls

Heater control Door moisture sensor




Door Heater Controls

Micropulsing On/Off
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CADMUS

Rhode
Island

Massachusetts (11)

Maryland (12)

New York (13)

4

Primary Data Collection

August

Pre-retrofit

September

Post-retrofit

October

November

NRM 18
GEE 11
Anthony International 2
Johnson Controls 6
Unknown 1
Willdan 2

Building Type

Small Retall 35
Restaurant 3
Other 1
Large Retail 1
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Final SampleEvaporator Fan Motors

EC Motor Retrofit Power Motor Controller Runtime
Measurements Measurements

Number of Sites

35

48

Unique Meiﬁi?eurﬁents
Measurementy
5 57

2
|
ECM Pre Runtime Post Runtime
q Measurements W EESIENENS Measurements
2 67 25 32

|
SP PSC
Measurementy Measurement
23

On/Off Controlle Variable Speed

Measurements
15

Measurements
17

On/Off Controllers: MA, RI, MD
Variable Speed Controllers: NY, Mb




Final Sample Door Heater Controls

ASDH Runtime Measurements

Number of Sites

22

Unique

Measurements
29
|
| |
Pre Runtime Post Runtime
Measurements Measurements

10 19
| |
On/Off Controlle Micropulse Unknown
Controllers Controllers Controllers
6 6 7

On/Off Controllers: NY, MD
MicropulseControllers: MA, RI, MD 13
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Method

Data

Collection

Unit Data
Parameters )

Analysis

and Profiles

s T RM Inputs

Aggregation

... EQUipment
savings metrics

drop some
units

Interactive
Refrigeration Impacts

v Total savings
e Total Savings Loadshapes G— EtricS 4




Aggregation

© Combine unit data to
calculate average
parameters and profiles

(all units are evenly ey RS
© Combine average
parameters and profiles

Refrigeration Impacts

to calculate hourly
savings loadshapes

CADMUS
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Total Savings Loadshapes




Any guestions before we jump Into
results?

CADMUS
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Results

A Sumary

A Foreach technology:

I Unit Level Results
A Performance
A Keyfindings
I Aggregate Results
A Compareto current TRM estimates
A Final savings estimates

I Discussion

CADMUS
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Summary of Results

A All three measures provide reliable energy and demand savin
A Easy to install and unobtrusive
A Appropriate for large and small commercial refrigeration

CADMUS
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Evaporator Fan Motor Retrofit
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Evaporator Fan Motor Retrofit
Formula

Constant = 1,192 Wip User Input
} )

Parameter Description Source visiEr Senmgls Value
(Circuits)

% change in powe

relative to post Pre/post metering 9 primary

wattage only 0 secondary
- Post power :
W
o normalized by Pre/post anq post 42 primary 759 Whp
Q only metering 24 secondary
horsepower

CADMUS
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Evaporator Fan Motor Retrofit
Motor Power

Number of Motors Metered Measured Motor Power
140 350
B [ ]
-03 120 o 300 SP Motor Best
g 100 E 250 Fitline ~_
= 5 o g
2 80 I EC Motor ®
= 60 8150 ® . Best FitLine ¢
© O 100 0.0 o / ........
= b R a0 Ko
£ 40 o g0
= 2 50 - B '
= 20 o [ . !
0 [ 0 1/20  1/10 3/20  1/5 1/4 3/10
1/62* 1/50 1/28 1/20 1/15 1/12 1/5 1/4 Rated hp

Rated Motor hp
® EC Motors @ SP Motors

* Motors rated below 1/56hp arereportedin Watts; value is
equivalenthp.

Average Motohp=1/12

CADMUS
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Evaporator Fan Motor Retrofit

Power Reduction
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Evaporator Fan Motor Retrofit
Motor Powerc TRM Comparison

EC Motor Wattage (Watts/motor)
0 10 20 30 40 50

NEEP CRL: based on average ECM size

46

VT TRM: average, walk-in 40

VT TRM: average, case IS 11

Baseline Motor Wattage (Watts/motor)
0 20 40 60 80 100 120 140

NEEP CRL: avg pre kW from pre/post I 113
NEEP CRL: avg metered SP I (05
VT TRM: average SP, walk-in e 132
VT TRM: average SP, case IS 11
VT TRM: average SP I 132
VT TRM: average PSC I 88
VT TRM: weighted average SP, PSC . 123

CADMUS Note: Not all TRMs use each parameter; in some cases, we use TRM information to
calculate parameters for comparison




Evaporator Fan Motor Retrofit
Power Reductiog TRM Comparison

Load Reduction Factor (%)
0% 10% 20% 30% 40% 50% 60% 70% 80%

NEEP CRL: baseline SP (equivalent LRF) I 1%
MA, RI, NY: walk-in I (5%
MA, RI, NY: case, baseline SP I 53%
CT: baseline SP I 65%
VT: walk-in, baseline SP I /0%
VT: case, baseline SP e /3%
MA, RI, NY: case, baseline PSC I 9%
CT: baseline PSC NN 10%

CADMUS Note: Not all TRMs use each parameter; in some cases, we use TRM information to
calculate parameters for comparison 24




Evaporator Fan Motor Retrofit
Aggregation Decisions

A One site where retrofit took place, but not
part of utility program

I Included inanalysis

A Two sites where PSC as baseline
I Removed from analysis

CADMUS
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Evaporator Fan Motor Retrofit
Equipment Savings Loadshape
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Evaporator Fan Motor Retrofit
Equipment Savings Metrics

Peak Demand Savings

Annual Energy Savings
gy 0 (athp=1/12)

3,000 . 120
" Savings at average % 100 98 98 98
4 2,500 motor hp (1/12): &b
= 857 kWh/motor g 80
& 5 2,000 =
& 2 T 60
g £ 1,500 <
w3 £ 40
— o]
c X~ 1,000 - (o
g — Savings at most frequent x 9
= 500 motor hp (1/15): 3
685 kWh/motor “ 0
0 ISO-NE Summer [ISO-NE Winter  PJM Summer
0 1/20 1/10 3/20 1/5 1/4 3/10 Peak Peak Peak
Rated Motor hp Period
*Error bars indicate relative precision at 90% *Error bars indicate relative precision at 90%
confidence interval confidence interval

ISONEPeak Demand
Measure SEVIS

Annual Total Energy
Measure Savings

RP @ 9% RP @ 8% RP @ 9% RP @ 8%
ECMotor ECMotor 5 3% 4.1%

0 [0)
CADMUS Retrofit >-3% 4.1% Retrofit
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Evaporator Fan Motor Control
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Evaporator Fan Motor Control
Formula

Constant User Input
I A
| (I | I
3W W (b6 0 oG ) Qf
RS o VU (OINV)
aeo0eEl Q "
<—9 (b0 O Puoo ) "Qn
Circuits
Postretrofit power Post and 42 primary 759 Whp
Qr normalized byhp Pre/Post 24 secondary
(b_ Preretrofit power 13 primary
(Qr) normalized byhp Pre andPre/Pos| 5 secondary 2,088 Whp
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Evaporator Fan Motor Control

%Runtime

T

Average = 66% \
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Variable Speed

On/Off

Site #. Measure |ID: Building Type

= == Ayerage
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CADMUS

Evaporator Fan MotoControl
%Runtimez TRM Comparison

Note: Not all TRMs use each parameter; in some cases, we use TRM information to
calculate parameters for comparison
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