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Agenda

Study Objectives
Technology Review

Results (Unit, Loadshapes, Aggregate)

Key Lessons/Recommendations
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Study Objectives

Evaporator Evaporator

Fan Motor Fan Motor D el

Control

Retrofit Control

* Produce 8,760 savings loadshapes
* Determine annual kWh and kW savings
e Suggest TRM updates
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Evaporator Fan Motor Retrofit
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Evaporator Fan Motor Retrofit
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Evaporator Fan Motor Controls

Motor controller
CADMUS




Evaporator Fan Motor Controls

Variable/Multi-Speed

Low speed
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Door Heater Controls

- Heater control Door moisture sensor
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Door Heater Controls

Micropulsing On/Off
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CADMUS

Rhode
Island

Maryland (12) Massachusetts (11)

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 Retail 35
Restaurant

Other

Large Retail 1

11



Final Sample— Evaporator Fan Motors

EC Motor Retrofit Power Motor Controller Runtime
Measurements Measurements

Number of Sites

Number of Sites

35

48 |
I

Unique

Unique

Measurements
57

Measurements

92

| |
SP PSC ECM Pre Runtime Post Runtime
Measurements Measurements Measurements Measurements Measurements
23 2 67 25 32

On/Off Controller Variable Speed

Measurements Measurements

17 15

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




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 Controller Micropulse Unknown
Controllers Controllers Controllers
6 6 7

On/Off Controllers: NY, MD
Micropulse Controllers: MA, RI, MD

CADMUS
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Method

Data

Collection

Unit Data
Parameters )

Analysis

and Profiles

d————p—— TRM inputs

Aggregation

... Equipment

savings metrics

drop some
units

Interactive
Refrigeration Impacts

v Total savings
CADMUS e Total Savings Loadshapes S otrics 14




Aggregation

9 Combine unit data to reeg— .
calculate average e e e N
parameters and profiles on

and Profiles

(all units are evenly

WEighted) A P . T
° Combine average Equipment Savings Loadshapes
parameters and profiles

savings loadshapes

CADMUS
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Any questions before we jump into
results?

CADMUS

16



Results

* Sumary

* For each technology:

— Unit Level Results
* Performance
* Key findings

— Aggregate Results

* Compare to current TRM estimates
* Final savings estimates

— Discussion

CADMUS
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Summary of Results

* All three measures provide reliable energy and demand savings
e Easy to install and unobtrusive
* 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 W/hp User Input

J i
[ 1 | 1

/4
AWgey= X\ X hpgcy
ECM

hp

Meter Sample
Parameter Description P Value
(Circuits)

% change in power

Pre/post meterin 9 primar
relative to post /p & P Y
only 0 secondary
wattage
Post power
Pr n - 42 primar
normalized by e/post a d.post primary 759 W/hp
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

=

M

o
w
o
o

SP Motor Best
250 | Fitline

200 o

o]
o

EC Motor ®
150 Best FitLine o

100

100 |
I [] I 0 120 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

)]
(@]

i

o
o
o

Quantity of Motors Metered
Measured Operating Power (W)

]
o
o

o

® EC Motors @ SP Motors

* Motors rated below 1/50-hp are reported in Watts; value is
equivalent hp.

Average Motor hp = 1/12

CADMUS
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Evaporator Fan Motor Retrofit
Power Reduction
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Site #. Measure ID: Building Type
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Evaporator Fan Motor Retrofit
Motor Power — 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 Reduction — 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 »



Evaporator Fan Motor Retrofit
Aggregation Decisions

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

— Included in analysis

e Two sites where PSC as baseline

— Removed from analysis

CADMUS
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Evaporator Fan Motor Retrofit
Equipment Savings Loadshape

1400

SP to EC Motor Retrofit Savings
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Evaporator Fan Motor Retrofit
Equipment Savings Metrics

Peak Demand Savings

Annual Energy Savings
(at hp =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 <
= £ 40
= = 1,000 a
5 — Savings at most frequent v
c 20
= 500 motor hp (1/15): 3
685 kWh/motor o 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

Annual Total Energy ISO-NE Peak Demand
Savings Savings

RP @ 90% RP @ 80% RP@90% RP @ 80%
EC Mot
otor EC Motor 5 3% 41%

. 5.39 4.19
CADMUS Retrofit % % Retrofit
27



Evaporator Fan Motor Control
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Evaporator Fan Motor Control
Formula

Constant User Input

I A
| | i

iid v (%ON %O0ON )X h
=\|— X (Y — Y% X
motorgem hp PRE POST PEcMm
ECM
miid W (%ON %ON )X h
=\|— X (Y0 — Y X
motorsp hp PRE POST Psp
SP
Parameter Description AP RIS Value
(Circuits)
Post-retrofit power Post and 42 primary
<hp>ECM normalized by hp Pre/Post 24 secondary 759 W/hp
W ~ . .
w Pre retrpflt power Pre and Pre/Post 13 primary 2 088 W/hp
hp p normalized by hp 5 secondary

CADMUS 29



Evaporator Fan Motor Control

%Runtime

T

Average = 66% \

il
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CADMUS

Evaporator Fan Motor Control
%Runtime — TRM Comparison

%Runtime w/Controls (%)
0% 10% 20% 30% 40% 50% 60% 70%

NEEP CRL: average I ——  66%
MA, Rl: walk-in DD 46%
NY: wwalk-in e —  6A%,
CT:general I 65%
CT: onfoff controls I 6%
CT: 2-speed controls I 57%
VT: cooler I ——— 50%,

VT: freezer I 50%

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

31



Aggregation Decisions

* One site had SP motor with controls as baseline
— Used wattage on uncontrolled motor as baseline

* One site installed controls on SP motor as part of
program

— Used runtime as post-retrofit condition
* Two sites where controls were disconnected
— Included in analysis

* One site where technician advised against installing
controls — were never installed

— Used pre data only

CADMUS
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Evaporator Fan Motor Control
Equipment Savings Loadshape

1000

800

600
400 “ ~ N “ “ N ‘
200

EC Motor On/Off Controls

Savings (W/hp)

0

Sunday Monday Tuesday  Wednesday  Thursday Friday Saturday
Day
==SP All ——SP Variable Speed SP On/Off ====EC All EC Variable Speed ——EC On/Off
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Evaporator Fan Motor Control
Equipment Savings Metrics

Annual Energy Savings Peak Demand Savings
(at hp =1/12) (at hp = 1/12)
600 60
o 532 — o~
—
i 500 o 50 8 I
< 406 — £ 38
T = 400 £ 40
. =
>3 290 & g L 29
g “_“E“ 300 § £ 30 I
&3 193 - -3 _
g < 200 147 S~ 20 > —
“_r; = 105 - § - 10
: 1 . T
< &
0 0
All SP Variable On/Off SP All EC Variable On/Off EC SPAIl  SPVariable SP On/Off ECAIl  EC Variable EC On/Off
Speed SP Speed EC Speed Speed
m Annual kwWh Savings/Motor at hp = 1/12 B [SO-NE Summer Peak B ISO-NE Winter Peak PIJM Summer Peak
*Error bars indicate relative precision at 90% *Error bars indicate relative precision at 90%
confidence interval confidence interval

Annual Total Energy ISO-NE Peak Summer
Control Type Savings Control Type Demand Savings

RP @ 90% RP @ 80%

RP @ 90% RP @ 80%
capmus IS 5.6% 4.4% All SP 6.4% 5.0% 34




Door Heater Control
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Door Heater Controls
Formula

Constant User Input
I ’_A_‘
| |

Watt

AW = X (%ONprg — %ONppst) X Ngoors

doorBASE

. .. M I
Parameter | Description ete.r Safmp € Average Value
(Circuits)
Operating .
Watt 21
power per Pre, Post, and primary 130 Watts/door
door gasg door Pre/Post 6 secondary

CADMUS
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|

Door Heater Controls

Door Heater Power (W/door)

NI
A1

130 W/door

Average Full Operating
Power of All Control Types

0

8 3 8 8 8 & 8 R

=t m m o~ o~ — —

(1oop/n) 19mod SuneradQ ||nd

450

+6 HOY
+8 HOY
L HOY
*9 HOY
9 HOY
+C HOY
A1a2049 |lEWS 1g-HA 8T
A1a2049 [[BWS 1y-HQ 8T

19y ewadns y-HQ vT

Adewueyd :g-Ha Tz
Adewueyd iy-HA 1T
Adewneyd iy-HQ 0T
Adewueyd iy-HA 6T
Acewueyd :g-Ha 8T
Adewueyd iy-HA ‘LT

24015 Jonbn y-HA ¥
Adeuueyd 1g-HQ '€¢
Adeuueyd 'y-HA ‘€T
Adeuueyd 'y-HA 2T
Adeuueyd :g-Ha 9T
Adeuueyd 'y-HQ 9T
1124Q,/A190040 |lEWS [Y-H
Ala00U9 [lews (y-HAd '/
uoneisseg y-HAJ 9
240315 Jonbi] y-HQ €€
24015 Jonbn y-HQ ‘¢

al031s Jonbr iy-HA 'z

a-et

Unknown

On/Off

None

MicroPulse

37
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Door Heater Controls
Door Heater Power — TRM Comparison

Door Heater Power (W/door)
50 100 150 200 250 300

NEEP CRL: average IS 130
VT: cooler IS 131
VT: freezer I 245

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



Door Heater Controls

%Runtime
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CADMUS

Door Heater Controls
%Runtime — TRM Comparison

%Off w/Controls (%)
0% 10% 20% 30% 40% 50% 60% 70% 80%

NEEP CRL: average I 59
NEEP CRL: micropulse e  /15%
NEEP CRL: on/off ma s 3%
NEEP CRL: unknown I 5412,
MA, NY, CT: freezer I 6%
MA, NY, CT: cooler I 7 4%,
VT: humidity control I 550
VT: conductivity control . 7 0%

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

40



Door Heater Controls
Aggregation Decisions

e One site did not use a door heater in the baseline
case.
— Used data from post-installation case only

* At one site, store manger manually turned off
heaters at night in pre and post case.

— Included in analysis

* Three sites showed no savings
— Dropped from the loadshape calculations

CADMUS
41



Door Heater Controls
Equipment Savings Loadshapes

90

Unknown Controls Micropulse Controls

80

NI NN

—

& 50

[

= AIIC ntrols

A

7?40

1))

= ‘\

&)
8- 30
On/Off Controls

20
10

0
Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Day
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Door Heater Control
Equipment Savings Metrics

Annual Energy Savings Peak Demand Savings
800 80 70
o 70
2 70 617 & 57 58
v = o
agsmo % S 50 a1
g = 400 5 S 40 ]
| = E T~
w2 300 g 2 30
S = 200 S
g < 20
)]
< 100 K% 10
° 0
Micropulse  On/Off Unkown
Control Type Control Type
m Annual Energy Savings B ISO-NE Summer  ®ISO-NE Winter PIM Summer
*Error bars indicate relative precision at 90% *Error bars indicate relative precision at 90%
confidence interval confidence interval
Annual Total Energy ISO-NE Peak Summer
Control Type Savings Control Type Demand Savings
RP @ 90% RP @ 80% RP @ 90% RP @ 80%
All 6% 5% All 7% 5%

CADMUS
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Interactive Refrigeration Impacts
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Interactive Refrigeration Savings
Method

Equipment Savings
(hourly AkW)

= AkW x 3,412 Btu/h per kW x %
heat in case

¢ 100% for EF Motors/Controls
e 66% for Door Heaters

Refrigeration Load Reduction

Total Savings
= A Refrig. Load x Refrig. (hourly ABtu/h) (hourly AkW)

Performance

® 30°F cooler evap. temp.
¢ -10°F freezer evap. temp.

Performance data based on

average of representative units Refrigeration Savings
(hourly AkW)

CADMUS




CADMUS

Interactive Refrigeration Savings

TRM Comparison

Interactive Refrigeration Multiplier
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

NEEP CRL: cooler 1.4
NEEP CRL: freezer
MA, RI, NY: cooler/freezer 1.4
CT: cooler 15
CT: freezer 1.4
VT: low temp, evap fan motors 15
VT: med temp, evap fans 1.3
VT: high temp, evap fans 1.2
VT: low temp, door heaters 1.4
VT: med temp, door heaters 1.2
VT: high temp, door heaters 1.2

18 2.0

1.8

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

calculate parameters for comparison
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Evaporator Fan Motor Retrofit
Total Savings Loadshape (1 week)

2500
2000 A
— Additional Interactive Cooling Savings (Freezer)
£ ~—
é 1500
_g- Additional Interactive Cooling Savings (Cooler)
S
& 1000 \
=
z SP to EC Motor Retrofit Savings
[ 7]
500
0
Sunday Monday Tuesday Wednesday Thursday  Friday  Saturday

Day

CADMUS *Results shown incorporate weather data from Boston, MA

47



Evaporator Fan Motor Retrofit
Total Savings Loadshape (1 year)

2500

Additional Interactive Cooling Savings (Freezer)

s
0
z 1500
_g- Additional Interactive Cooling Savings (Cooler)
S
=3
& 1000
=
z SP to EC Motor Retrofit Savings
[ 7]
500
0
1/1/14 2/20/14 4/11/14 5/31/14 7/20/14 9/8/14 10/28/14 12/17/14

Day

CADMUS *Results shown incorporate weather data from Boston, MA 48




Evaporator Fan Motor Retrofit

Total Savings Metrics

Peak Demand Savings

Annual Energy Savings
gy 8 (at hp = 1/12 hp)
5,000 200 174 -
4,500 Freezer savings with :0: 180 {
né.o 4,000 cooling interaction E 160 136 -
> = 3,500 SN = 140 -
U; % 3,000 Cooller slavmgs \-thh E;n 120 98-
il = 2 500 coolmgmteractusm < 100
& = 2,000 3 80
S = 1,500 \ T 60
= 2 40
g 1,000 _ _ _ g
500 Savings without cooling 2 20
< 0
0 o
0 1/20 1/10 3/20 1/5 1/4  3/10 a Savings without Cooler savings Freezer savings
Rated M h cooling with cooling with cooling
ate otor hp interaction interaction interaction
CADMUS Note: This example is based on SP motor baseline and Boston, MA weather data. "



Summary of Findings

* All three measures provide reliable energy and
demand savings

* Easy to install and unobtrusive

e Appropriate for large and small commercial
refrigeration

CADMUS [F=t- IS
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Summary of Findings

e Evaporator Fan Motor Retrofits

Almost all baseline motors observed were shaded pole. PAs that use a blended SP/PSC
baseline should consider using SP only.

These measures operate continuously and are good for peak kW savings

Almost all baseline motors observed were shaded pole. PAs that use a blended SP/PSC
baseline should consider using SP only.

At two sites, controls were disconnected by the customer
When it works, these measures operate continuously and are good for peak kW savings

e Door Heater Controls

CADMUS

Large variation and small sample sizes makes it difficult to draw conclusions,
HOWEVER...

Two types of door heater controls perform differently
Three sites exhibited no savings despite installed controls
When it works, this measure operates continuously and is good for peak kW savings

51



Summary of Savings

EF Motor Retrofit EF Motor Controls |Door Heater Controls

Reduction Factor 61% (power) 34% (runtime) 55% (runtime)
(A;\non:?g)Energy Savings 857 kWh/motor?! 147 kWh/motor? 515 kWh/door?
(A\L‘;‘F;‘IaE')f"ergy SaVINgS | 1 186 kWh/motor? 204 kWh/motor? 713 kWh/door3
I(D:jI;ﬁzt)esmand Savings 98 W/motor? 14 W/motor? 57 W/door?
Peak Demand Savings 136 W/motor?! 19 W/motor? 80 W/door?

(w/RIE) *?

For average motor hp (1/12)

2EC savings for average EC motor hp (1/12), for all control types
3Average for all control types

4For a Cooler

51SO-NE Summer




Next Steps

e Currently drafting report, complete by end of June

* Final report, data transfer, and loadshape tool to
follow

CADMUS
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Questions

CADMUS
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Contacts

Elizabeth Titus etitus@neep.org

Carlyn Aarish Carlyn.Aarish@cadmusgroup.com

Tim Murray Tim.Murray@cadmusgroup.com
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