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HOW
 TO ACHIEVE SIGNIFICANT ENERGY 

SAVINGS IN W
ATER & FILTRATION STATIONS 



W
HAT W

E W
ILL COVER TODAY 

•
W

here to Start 
•

Lighting 
•

HVAC 
•

Building Envelope 
•

M
otors and Pum

ps 
•

M
otor M

anagem
ent 

•
M

otor Preventive M
aintenance 

•
Rebates 



BEFORE YOU START«
 HAVE A PLAN 

Or You May End 
Up in Deep W

ater! 



A ROBUST ENERGY SAVINGS PROGRAM
 

•
decUeaVe eQeUg\ cRVWV 20%

 aQd P
RUe«

 
•

reduce operating costs 
•

increase cash flow 
•

im
prove the environm

ent  
•

im
prove facility sustainability 

•
provide a great m

arketing op 
•

im
prove em

ployee m
orale 

 

W
LOO«

 



AND«
 E

ventually utilities w
ill raise 

rates to recover the $ lost 
through energy efficiency 
initiatives. 

W
ith PU

C
O

 approval! 



HOW
 W

ILL YOU GET THERE? 

•
a plan? 

•
the expertise? 

•
the tools? 

•
a road map? 

•
a champion? 
 

DR \RX KaYe«
 



START W
ITH A BASELINE ± 2 YEARS OF DATA M

IN 



TO GET M
M

BTU/FT
2 

•
Electric:  
¾

 M
ultiply kW

h by 3.413 / 1,000 

•
Gas: 
¾

 1 M
CF ~ 1 dTherm

 = 1 m
m

Btu 

•
Add both numbers for total mmBtu 

•
Divide by total square footage 



ISOLATE M
AJOR CONTRIBUTORS 

•
Understand the m

ajor contributors to your m
m

btu/ft 2 

•
Understand weather effects on data            CDD and HDD 

•
If peak dem

and (kW
, kVA, kVars) is part of your electric rate, know 

the m
ajor contributors and operating schedule 



BE CAREFUL HOW
 YOU M

EASURE IT 



BE CAREFUL HOW
 YOU M

EASURE IT 



THE ROAD TO ENERGY EFFICIENCY STARTS 
W

ITH AN UNBIASED ENERGY AUDIT 
•

Encom
pass W

hole Facility 
•

Find all the savings possibilities 

•
Insist on ASHRAE Level 2 Energy Audit 
•

Am
erican Society of Heating, Refrigeration and Air Conditioning Engineers 

•
Level 2 ensures technical and financial analysis for decision m

aking 

•
Use Independent Qualified Firm

 
•

Required for objectivity and utility incentives 
•

Look for PE, CEM
 or CEA certification 

•
Independent: No tie to any equipm

ent supplier or contractor 

•
Utilities Offer Energy Audit Incentives 
•

Som
e utilities pay up to 50%

 of the energy audit fee 



TYPICAL ENERGY AUDIT FINDINGS 
•

Lighting 
•

HVAC 
•

M
otors 

•
Pum

ps 
•

Equipm
ent 

•
Building Envelope 
•

W
indows 

•
Insulation 

•
Infiltration 

 



TYPICAL ENERGY AUDIT FINDINGS 
•

Lighting 
•

HVAC 
•

M
otors 

•
Pum

ps 
•

Equipm
ent 

•
Building Envelope 
•

W
indows 

•
Insulation 

•
Infiltration 

The Biggest Savings 
Opportunity 



LIGHTING 
•

Not fixture for fixture 
•

Do photometric m
apping 

•
Task lighting over high bay 

•
Sensors whenever possible 

•
Run costs dom

inate (not first cost) 
•

Include m
aintenance and lam

p replacem
ent costs 



HIGH BAY LIGHTING 



LIGHTING 

HID 
Fluorescent 

LED 
Induction 

Fixture W
 

458  
254 

180 
200 

kW
h/year 

4030 
1927 

1577  
1752 

Cost/kW
h 

$0.12 
$0.12 

$0.12 
$0.12 

Cost/year 
$484 

$231 
$189 

$210 
Life of bulb 

15,000 hrs 
35,000 hrs 

70,000 hrs 
100,000 hrs 

Rebate  
$0 

$105 
$122 

$114 

Exam
ple:  Single High Bay Fixture; On 24 / 365 



2 X 4 OFFICE CEILING FIXTURE 



LIGHTING 

T12 
Fluorescent  

T8 
Fluorescent 

LED 

Fixture W
 

160  
112 

36 
kW

h/year 
499 

349 
112 

Cost/kW
h 

$0.12 
$0.12 

$0.12 
Cost/year 

$60 
$42 

$13 
Life of bulb 

15,000 hrs 
35,000 hrs 

70,000 hrs 
Rebate  

$0 
$7.5 

$19.35 

Exam
ple:  Single 2 x4 Office Ceiling Fixture; On 12 / 260 



TW
O BRANDS OF LED T8 THAT W

ORK W
ELL 

                     18 - 22 W
, 120 - 130 LPW

 

Borealis 

Energy 
Focus 

Two of these replace 4 x T12 or T8 fluorescent lamps  



LIGHTING - FINANCIAL 
Project cost 

 
 

$28,000 
Annual energy savings   

$13,000 
 Sim

ple Payback 
 

2 years 
ROI 

 
 

 
364%

 



HVAC 
•

Savings often found with repairing / cleaning / re-programming / balancing 
•

Replacing units norm
ally occurs at end-of-life 

•
If doing a m

ajor renovation, best to work with an independent expert or your 
favorite HVAC contractor 

•
Savings analysis is difficult ± m

any factors involved 
•

Software m
odeling often needed to play what-if scenarios 



BUILDING ENVELOPE 
•

W
indows, doors, insulation, sealing 

 







M
OTORS AND PUM

PS 

•
M

otors consum
e 90%

 of the energy in pum
ping stations 

•
M

otors are the largest opportunity for savings m
oney 

•
Running a m

otor costs m
ore than 10 tim

es its purchase price each 
year in energy costs alone 

•
Over life of m

otor, 98%
+ of cost of ownership is operating cost 



IF OW
NING A CAR W

AS LIKE OW
NING A M

OTOR 

•
Purchase price = $30,000 

•
Annual operating cost = $500,000 

•
Operating cost over life of car = $4,000,000 
 

W
hat would you be willing to do  

to m
ake your car run m

ore efficiently? 
 

How im
portant is purchase price to you now? 



W
HAT IT COSTS TO RUN A M

OTOR 

•
Rating = 100HP 

•
Hours of Operation = 8,760 

•
Cost per kW

h = $0.09 
•

Dem
and kW

 = $7 
•

Purchase Price = $6,000 
•

Load Factor = 100%
 

•
M

otor Eff. = 92%
 

 

𝐴݊݊ݑ𝑎݈ 𝐸݊𝑒ݎ𝑔ݕ 𝐶ݐݏ݋
ൌ

09. ݔ 1 ݔ 8760 ݔ 746. ݔ 100
.92

൅
12 ݔ 7 ݔ 1 ݔ 746. ݔ 100

.92
 

    Annual Energy Costs = $63,929 + $6,811 = $70,740             Purchase Price = $6,000 
                                                   Then m

ust add m
aintenance costs! 

 



CHANGING A STD. EFF. W
ITH PREM

IUM
 EFF. 

 

 

𝑘𝑊
𝑆𝑎ݒ𝑒𝑑

ൌ
𝐻

𝑃 ݔ 0.746 ݔ 𝐿𝐹
𝐸𝑓𝑓

𝑑ݐݏ
 െ

𝐻
𝑃 ݔ 0.746 ݔ 𝐿𝐹

𝐸𝑓𝑓
𝐸𝐸

 

                 𝑘𝑊
ℎ 𝑆𝑎ݒ𝑒𝑑

ൌ
𝑘𝑊

𝑂 ݔ 
𝐻.ݎ𝑒݌

 ݏݎݑ݋
    $ Saved =

 kW
h x cost/kW

h +
 kW

 x cost/kW
 x 12 

 



CHANGING A STD. EFF. W
ITH PREM

IUM
 EFF. 

•
Rating = 100HP 

•
Hours of Operation = 7400 

•
Cost per kW

h = $0.09 
•

Dem
and kW

 = $7 
•

Purchase Price = $4,200 
•

Load Factor = 90%
 

 

𝑘𝑊
ൌ

9. ݔ 746. ݔ 100
.83

െ
9. ݔ 746. ݔ 100

.94
ൌ

9.6 𝑘𝑊
 

 
𝑘𝑊

ℎ
ൌ

9.6 𝑘𝑊
7400 ݔ 

ൌ
71,040 𝑘𝑊

ℎ 
 

𝐶ݐݏ݋ 𝑆𝑎ݒ𝑖݊𝑔ݏ
ൌ

09. ݔ 71,040
൅

12 ݔ 7 ݔ 9.6
ൌ

 ݎ𝑒𝑎ݕ/$7,200
  



DO VFD DRIVES M
AKE SENSE? 

Standard Motor 
NEMA Prem

 Eff Motor 
W

ith VFD 
$221,867 

$203,378 
$126,184 

HP = 300  
$/kW

h = $0.09 
Hours = 8760 

$/kW
 = $ 7 

Save $18,489 annually with a more efficient motor 

OR«
VaYe $95,683 annually by adding a VFD to the same more efficient motor 



INVESTING IN A 300HP M
OTOR W

ITH VFD 

Item
 

Am
ount 

Cost of Motor 
$16,000 

Cost of VFD 
$18,000 

Ship/Install cost 
$16,000 

Rebate 
($18,000) 

Total Investment 
$34,000 

Annual Energy Savings 
$126,184 

Simple Payback 
0.3 Years 

Return on Investment 
370%

 



VFD TECHNICAL CONSIDERATIONS 

•
Requires a varying load 

•
Requires inverter grade m

otor 
•

Lim
it VFD-M

otor distance to 50 feet or less 
•

Preventive M
aintenance critical for long term

 success 
•

VFDs cause leakage current through bearings 
•

5
th and 11

th harm
onic generate reverse torque 

•
Current im

balance between phases < 10%
 

•
Voltage im

balance between phases < 3%
 

•
W

atch for dV/dT exceeding CIV (corona inception voltage) 
•

Therm
al im

aging should be com
pared every 3 to 6 m

onths 



VFD CAUSED BEARING W
EAR 

•
Capacitive 
coupled 
leakage 
current 

•
Static 
electricity 
from load 



FLUTING IN BEARING CHASE CAUSED BY 
LEAKAGE CURRENT 



W
HAT BEARING W

EAR LOOKS LIKE 



THERM
AL IM

AGING - EXTREM
ELY HELPFUL! 



VFD OUTPUT VOLTAGE ± INSULATION FAILURE 



NEGATIVE SEQUENCING 

0 20 40 60 80

100

120

1
2

3
4

5
6

7
8

9
10

11

Harm
onic Current 

5 th and 11 th Generate 
Reverse Torque ! 



M
O

TO
R

 M
A

N
A

G
E

M
E

N
T, P

R
E

V
E

N
TIV

E
 

M
A

IN
TE

N
A

N
C

E
 (P

M
) 

•
W

ell planned PM
 is key to dependable, long-life operation of m

otors, pum
ps 

and generators 
•

Unscheduled stoppage and long repairs are intolerable 
•

Leadership often sees value of PM
 but resists investm

ent for proper tools, 
resources and training 

•
PM

 often needs to be pitched as a business case  
•

Case studies of prior breakdowns and resulting costs will help 
•

Once budget approved, develop a plan for each m
otor category 

  



M
O

TO
R

 M
A

N
A

G
E

M
E

N
T P

R
O

G
R

A
M

 

•
Survey m

otors. Gather nam
eplate inform

ation (HP, RPM
, 

enclosure, voltage, amps, etc.)  
•

Initially focus on m
otors that exceed m

inim
um

 size and 
operating hours 
•

50 HP and above 
•

6,000 hours/year of operation m
inim

um
  

•
Collect info re Standard, EPAct and NEM

A Prem
. Eff. 

•
Constant load (not interm

ittent, cycle or fluctuating) 
•

Older or rewound m
otor 



•
Conduct Motor Replacement Analysis by the following 
three categories: 
1.

M
otors Offering Rapid Payback through Energy Savings. M

otors that 
run continuously (8,000 or m

ore hours/year.) 
2.

Im
proved Reliability - Oversized M

otors  
3.

Utility Rebate Program
 - utility pays end-user to replace older 

inefficient m
otor with new NEM

A Prem
ium

 M
otor. 

M
O

TO
R

 M
A

N
A

G
E

M
E

N
T P

R
O

G
R

A
M

 



AREAS TO COVER FOR GOOD PM
 PROGRAM

 
•

Thermal Imaging  
•

Over-heating (insulation class, im
pact on life) 

•
Overloads 

•
Im

balances 
•

Vibration Analysis 
•

Included load on shaft (pum
p bearing) 

•
Load Analysis 
•

Tachom
eter and slip equations 

•
Power Analysis 
•

Phase im
balance 

•
Overload 

•
Harm

onics 
•

Power Factor 
•

Power Quality 



NEEDED - GOOD TOOLS AND EXPERTISE! 



Create a Record for Each Motor 



Convert Collected Data into Database 



UTILITY REBATES FOR  
M

OTORS AND VFD¶S ± FIRSTENERGY 

•
M

RWRUV aQd VFD¶V faOO XQdeU WKeLU cXVWRP
 SURgUaP aQd Sa\ $0.08/NW

K 
saved, caped at 50%

 of project cost. 



UTILITY REBATES FOR  
MOTORS AND VFD - AEP 



UTILITY REBATES FOR  
M

OTORS AND VFD¶S ± DUKE ENERGY 



UTILITY REBATES FOR  
M

OTORS AND VFD¶S ± DP&L 



 QUESTIONS?  

Tom
 Sherm

an CEM
, CDSM

 
440-773-5044 
Tom

@
SESCorp.co 


