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Developing an Energy
Management Strategy

e Use of formal energy management programs
becoming more popular

e Number of resources available —

— DOE Corporate Enerqy Management (CEM) program —
e Modeled on quality management systems

» Moves accountability for energy outcomes to upper levels of
the firm; involves many areas of business activity (not just
production)

» Measure current performance, set goals, track savings, and
reward improvements

e Ntto://wwwl.eere.enerqy.qov/inaustry/bestoractices/corpora

te enerqgy.htm/ m




Developing an Energy
Management Strategy

e Resources (cont.) —
— EPA/DOE ENERGY STAR® program —

 Guidelines for Energy Management - measure current
performance, set goals, track savings, and reward
Improvements; benchmarking

e Assessment tools — for both corporate and facility levels

Other tools available — energy mgt. guidance, improving
system performance (lighting, fans, etc.), financial
evaluation, computer power mgt.

Training — webinars, pre-recorded training, self-guided
presentations

Partnerships with industry

http.// www.enerqystar.gov/index.ctfim?c=quidelines.quideline

S /nadex
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\ DOER 7-Step Energy Action
Plan

. Assign Responsibility

. Assemble Data
First Cut Analysis
More Complex Analysis
Short and Long Term Plans
Examine Procurement
Monitor, Monitor, Monitor
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ldentifying and Evaluating Energy
Efficiency Opportunities

e DOE Industrial Technology Program (ITP) tools —

— Quick Plant Energy Profiler (QuickPEP) - run online at
DOE’s website; meant to be a broad overview of the
energy profile for a plant.
htto.//wwwl.eere.enerqy.qov/inadustry/bestpractices/softw
are.htm/
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DOE QuickPEP Tool

Inputs Outputs

* Average utility bill information | * Energy use & cost per unit of production

* Average production information * Annual purchased energy graphs and tables
* Major energy-using systems * Annual consumed energy graphs and tables
* Score cards (optional)® * Potential annual energy savings graphs and
+ Average energy usage information tables

+ Customized list of next steps

*Before presenting your results, Quick PEP requests information about the energy efficiency of your major
plant systems. You can determine this yourself or fill out an optional “score card™ to obtain efheiency
mformation for selected systems.




ldentifying and Evaluating Energy
Efficiency Opportunities

e DOE Industrial Technology Program (ITP) tools (cont’'d) —

— Energy Use and Loss Footprints - developed for a number of
manufacturing industries; map the flow of energy supply,
demand, and losses in manufacturing facilities.

— Software tools - evaluate energy saving opportunities in variety
of systems, e.g., steam, motors, pumps, compressed air, fans,
process heating, CHP

e Massachusetts Energy Efficiency Partnership (MAEEP) conducts
trainings on these tools
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ldentifying and Evaluating Energy
Efficiency Opportunities

e Energy Audits (gas and electric) —

— Comprehensive assessment for determining the best energy
measures —

e Detailed evaluation of energy use, including load profile

— Providers —

e DOE Save Energy Now program — 3 day assessment involving
training on DOE software tools; 0.3 trillion Btu/yr total energy use;
typically no cost; apply online
http.//wwwi.eere.enerqy.gov/industry/saveenergynowy/assessments. htm/

e /nadustrial Assessment Center (IAC) audits — 1 day, no cost, energy
costs $100,000 to $1.75 million/year, SIC 20 — 39
(Dr. Beka Kosanovic (413) 545-0684 http.//www.ceere.org/iac/index.html)

e Consultants




ldentifying and Evaluating Energy
Efficiency Opportunities

e Energy Audits (cont'd) —
— Often subsidized by utilities through their energy efficiency
programs —

e Contact your utility account representatives for detailed information
on your provider’'s programs

All investor owned utilities (I10Us) have programs (e.g., NSTAR,
NGRID, WMECO, Keyspan, Bay State Gas)

Municipal utility programs vary — links to many at MA Division of

Energy Resources (DOER) website

Utilities can also assist with load management




Other Resources

e MA DOER —

— information on energy resources, including energy
procurement, fuel prices, conservation, and
renewables

— http.//www.mass.qov/doet/

e Combined heat and power (CHP) -

— Northeast CHP Application Center (@ CEERE) —

e provides assessments and detailed information on CHP
e hittp.//www.northeastchp.org/nac/index.cfim

— EPA CHP Partnership —

« Info on technologies, emissions, $$, decision tool
e http.//www.epa.gov/chp/
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Other Resources

e Energy Service Companies (ESCOs) —

— develops, Installs, and finances projects designed to
Improve the energy efficiency and maintenance costs
for facilities over a seven to 10 year time period.

— assume the technical and performance risk
associated with the project

— National Association of Energy Service Companies
(NAESCO) http://www.naesco.org/about/esco.htm
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\\ Useful Publications

e Rutgers Self-Assessment Workbook for Small

Manufacturers
http.//iac.rutgers. edu/aatabase/technicaldocs/IAC_Manu
alsselfassessment. paf

e Wulfinghoff, Donald R., Energy Efficiency
Manual, Energy Institute Press, 1999

 Mull, Thomas E., Practical Guide to Energy
Management for Facilities Engineers and Plant

Managers, ASME Press, 2001
0T




Contact

John Raschko

(617) 626-1093
john.raschko@state.ma.us
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Energy Efficient Buildings
by Jim Cain, OTA

June 3, 2008 Webinar
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\\ 20 Minute Snapshot
Buildings and Energy
Energy is Becoming Costly
Building Function and Business Type
Energy Use Categories
Environmental Factors
Useful Literature

OTA Fact Sheet
Energy Predictions and Software
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of
‘;‘} MR=L. National Renewable Energy Laboratory
Innovation for Our Energy Future

Procedure for Measuring and Technical Report

MRELITP-650-23801

Reporting Commercial Building October 2005
Energy Performance

D. Barley, M. Deru, 5. Pless, and P. Torcellini




Facility Boundary
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Energy flow diagram providing an overview of this procedure
Figure 4-1 shows a meore detalled diagram of the relatienships among metrics.
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—acllity Energy Use
Heating:
Process and Space

Cooling:
Process and Space

Machine Drives and Fans

Lighting

Office Equipment
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Massachusets Office of Technical Assistance and Technology

Energy Saving Tips for Industrial and Commercial Buildings

Introduction

Erergy is & significant and growing cost for most businesses, A review of how energy is used in buldings and then

ta |.=e‘tin.= improvements in equipment and procedures czn kzad to big cost savings. Furthsrmors, many corporats
govermnment programs now strongly encourage enengy conservation, The purpose of this fact sheet is o

o 5~I§- useful examples of ensqgy saving tips that relate o the gereral categorizs of building energy uss, that

would acply to most facilities, (Examples of potential savings in -:Iilwect process uses, which may dominatz energy

consumption in heavy industry, can be found in the OTA energy effidiency fact shest),

b | Businessss vary greatly in size and purposs, and this will be reflectad in the

7 :1'C1xl"tl:ﬂat- en-ng consumption for each category of end uma, The
accompany bz is derved fram national surveys® of industizl and

| commerdal L'IlltlE:. Maost Massachusstts manufacturers, with 2 few

| sxceptions, haye energy uses withn the ranges of this able. A

1 manufacturer of basic materials would have proportionately more process
J hezting and an assembly facility would have more space heating, lighting,
| et & large facility from heavy industry may hd».-fsr = :-:lle 5 and even
elecwrical cogensration while 2 smaller facky in one of the light industias
may have proportionally maore ensrgy use for ausdliary food services, domestic hot water, ate.

Devising an energy shetegy with the greatest pobential savings inwolves identfiing the major energy end usss
within the facfty, Capitzl costs and operating costs a2 zlso nesded for ranking vasious conservation measures,
Mote that the payback periods will be affected by hours of operation and load profiles,  Avoided peak demand
surcharges and othar anargy pricing valizbliny can be impoetant in planning your anergy shatzgy.

Enrerg'.l Conservation

Many citatia can be usad in dedisions whether to install enengy-saving equipment or imglement new procedures.
The most frequanty considersd are tonal coms, rete of reum, ease of imolementation, and certaingy of the desied
cutcome,  The following four categaries are sxamples of how your feciity can make changes o achieve energy
consenation.

HVAL

A big category for light industial cperstions is HVAC. Waste heat from processes, lighting, air compressors, et
Can confriouta in wintar bt may not be well distribuzed, Wasta hest at some facilities can oests sdditional cooling
loads nat only in summer, but to a lessar degres in the other seasors as well.

Waste heat from compressors can frequenty be «  Adjacent rooms thet are maintained at dffersnt
capturad for space heating o other uses. temerztures should be separated by doors or
Supply air for the compressars and bolers should flexible ransparent barriers,

be from the outside, not indoor ain Heating and cooling ducts should be insulated.
Sezl lezks and increass insulation, 2t keast up to Use automatic conools such 25 progremmable
recommendzd R-valuss., thermostats, time clocks, byoass tmers, weather
Add economizers m the ASC system (a usefu sensors, and aoivity sensors, whiere aporoptizte.
technique except on hot, humid days). Arezs of bulding prone to solar heat gain should
Identfy and comrect unwantzd  drafs ard be shaded in summer and exposed in winter.
unwantsd air mowsment from one ares to Thermostats should be set coolder in winter and
ancther, warmer in summer.

Use caifing fans whers aporopriste.

Additional Energy Conservation Services

Mary electric and gas ubiities provide finandal ascstance f.r enargy sudits and ensrgy :I""u.t'll BOu :|n='||: '.'.'Eb Imks to many
of these can b= found oo the OTA Enargy Wb Page Slip:lvaew mase now ey ola)r P dea |

1. Energy Infxmiation Administration: LL5. Dapartment of Enargy




Executive Office of Energy and Environmental Affairs

Office of Technical Assistance and Technology

. Capture waste heat
. Supply air to equipment
directly from outside

Reduce infiltration and
Increase insulation

. Add economizers to A/C
system (except when humid)

. ldentify and correct unwanted
drafts through building

. Use celling fans
where appropriate

. Separate / isolate adjacent
rooms , If at different climates

8. Insulate heating and cooling
ducts when economical

9. Use automatic and/or
programmable controls

10.Shade east / west windows of
building in summer and
expose south windows (winter

11.Set thermostats cooler in
winter and warmer in summer

m




Practical Guide to

Energy Management
for Facilities Engineers
and Plant Managers

Thomas E. Mull




Building Energy: 345 Software Tools
http://www.eere.energy.gov/buildings/tools_directory/

Whole Building Analysis
— Energy Simulation
Load Calculation
Renewable Energy
Retrofit Analysis
— Sustainability / Green Buildings

Codes & Standards

Materials, Components, Equipment, & Systems
— Envelope Systems

— HVAC Equipment and Systems

— Lighting Systems

Other Applications

— Energy Economics, Atmospheric Pollution, Indoor Air, Training,
Ventilation / Airflow, Multibuilding Facilities, Utility Evaluation,

Solar/Climate AnaIyS|s Water Conservatlon Validation Tools
Misc. :.ilii !




from EnergyPlus Training
by NREL / DOE and
GARD Analytics / Univ of lllinois
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Digital images on this slide courtesy of:
Lisa Fricker, Graduate Student, UIUC




Integrated Simulation
Manager (cont’'d)

EnergyPlus .
Sky Model - - Air Loop
Module Simulation Manager Module

Shading t Zone Equip

SEHIE T Integrated Solution Manager _ Module
L N Surface Heat Air Heat Building '
Daylighting , Balance Balance Sﬁynfltlgrt?nsn Plant Loop
Window Glass . Condenser
Module Loop Module
CTF 1
Calculation
Module
15
Uiy
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eQUEST from doe.gov
Whole Building Integrated Energy Design

|
=
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B
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Space Cooling
Heat Rejection
Ventilation Fans
Pumps & Aux.
Water Heating
Space Heating
Misc. Equipment
Area Lighting




http://www.sbicouncil.org/store/el0.php

ERGY-10™ calculates integrated energy performance and is
best suited to buildings with one or two thermal zones. The interface
IS simple, the analysis thorough, and the results accurate and quick.
Building types that are most frequently simulated using this software
Include retail and office buildings, warehouses, schools, restaurants,
residences, lodging facilities, and more.
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Table 7.0.1: Effects of Various Energy Conservation Measures on Overall School Energy Performance

Energy Anpual Savings (EWh) / (5) . Favback
Conservafion For Clazsrooms For All 28 Far the Enfire Imp]ecm:ﬂ'rn flom Mdonth: — Comments
Meazures 303 and 304 Clazzrosms Schoal Unless Noted)
. Foous of study was primartly on
L ]'_:'!.‘5.'.3]].]].1.;1 5,669 KWh 703686 KWh "t o e 1 A o clazsrpom heitp‘.m;s.. To evaluate
aefficiency watar s34 o e MiA 39765014 20 yaars . i * o
- ) §33 34053 all the heat pumps was beyvond the
souTce heat pamps scope of this stady.
2. Feplace T12
fluorescent fimres S — TP B — Thesa savings represent lizhting
with TS fluorescant 2,1 ',;E. 56'“1 'D'g'l'gli‘:l'l_:' 4 ﬁ.ii-li;l 30_E66 28 costs oaly. An additional 28% can
firrtures and o o o be saved in sumimer cooling costs.
elecironic ballasts
- Insmllan 506 KWh 8,344 kKWh . e
aronomizer ow the - o BIA - - Mot cost effective.
heat puanp 337 5521
4. Improved
buildins insmlaton 517EWh 7,238 kWh MIA i ) Mot cost effective
and envelope 532 3448 e e
sealmg
5. Change tmilding - L
design o reduce 431 WL 6,314 kWh N/A - - Mot cost effective.
s 528 3304
SRIENOr EXPOSITE
. Uilize
reLparane setback £49 KWh 11,886 kWh 27,044 KWh e . This Ensrgy CoOusErvanon measurs
dunings the cooling 553 5747 51488 12,800 [13] 20 may be cost effecive. Evaluation of
maonths of April 1 - T o otker hear pumips is required.
Cctober
Bafore taking any further action
7. Increass cherk the indoor zir quality (Le.
venfilation in check indoor air temperature,
classrooms to 13 -1.453 EWh -20,342 kWh S i o . L relative bomidigy, €0, and OO
MiA Costprolubitive | An energy loser

cfm per person (a5
per ASHEAE
Standard §2-2001)

-501

-531.260

levels). Copsider kaving an
mdustrial hyzienist condwer the first
check. before replicating the
proceduras,
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Energy Annual Savings (EWh) /(5] . Paybacl
Conzervation For Classrooms For All 28 For the Entire Lmpl EEIJJ:.!.:TH fiom iMonths - Comments
Menzures 303 and 304 Clasiroom: Schoal i Unless Noted)
3 Tlrilize Clazsrooms 303 and 304 were not
clerastories o -32kWh . . ':'DEFTE:].-":' take advantage "
ovide s 2 MiA MIA - - daylizhring. In general daylizhting
EIT 108 ome - iz not 3 techmology that cam bha
Alighning retrofirted.
Carpet cleaning in Tuly requires the
9. Eliminate the schaal T operate ﬂ_E haar pumaps an
P — nemsually long period to mevre that
s ~lammin T o5 GO LTI the carpers are droy and not subject to
I:;]]j:l:aﬂf— by NiA NiA ' 'EEJ" ;1 - - meld and mildew. In light of
aisting -:ﬁ'pe: with o Increasing energy costs, it is
ternste floorine reconunended thar this drying cost
T = be elimninatad by nsmg 2 diffarsut
floor covering.
10. Place heat
P UL e L o ) “eelizible sinca Thue ha.-.ju.:.':. waliulativa s Llal:l-_-;J.uu
aliminate fan and 6.2937kWh 07118 KWh M i rrnediate one mistake per weak when the heat
heat puaap power 5433 §6,060 T -E-II.-E-:i;'E : T purup is left inadverently operating
during nocoupied 24 hours per day.
pariods
Flacement of the compater o front
11. Relocats the of the retum air duct will affect the
COLOPUEST aWay Wi 1A MA Negligible Fnmedizte volunemic flow rate of the remm

from the front of the
retirm air duct

air, and places an addidenal load on
the keat pranp to condition the
supply air.
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\\ Proposed Measures (School)

Upgrade Heat Pumps No
nstall Economizer on Heat Pumps No
Upgrade T-12 Fluorescents Yes

nsulate Building Envelope No

Setback Temp. April-October Yes
Imer Fan / Heat Pumps - Winter Yes
Increase Ventilation (15 cfm/person) Req
Move Computer from Return Air Duct Yes

m




E NERGY STAR® Buitding Merva.

i B Dwcarrhae, i
iy

ENERGYSTAR"

Building Upgrade
Manual

http://www.energystar.gov/index.cfm?c=
business.bus_upgrade_manual

(170 pages)
Introduction
Business Analysis
Financing
Recommissioning
Tune-up all systems:
Lighting & Supplemental Loads
Building Envelope
Controls

Testing, Adjusting, Balancing
Heat Exchange Equipment
Heating and Cooling System

Lighting

Supplemental Load Reductions

Fan System Upgrades

Heating & Cooling System Upgrades




1800K A4000K 5500k 8000K 120008 16000k

The calars shown are approximate and symbalic, not colorimetrically accurate. A colarimetrically-accurate diagram & is available.
S0me common examples.

= 1700 k- Match flame

= 1850 k2 Candle

= 2800 k2 Tungsten lamp (incandescent lightbulb)

= 3350 K Studio "CP" light

= 3400 k- Studio lamps, photofloods, etc.

= 4100 k- Moonlight

= A000 k- Typical wearm daylight

= 5006000 K Typical cool daylight, electronic flash (can vary between manufacturers)
w B420 K Xenaon arc lamp

= BA00 K Daylight®

= 9300 K2 T screen {analog)

The calars of 5000 K and BA00 K black badies are close to the colors of the standard illumininants called respectively 050 and OBS, which are
used in professions working with color reproduction (photographers, publishers, etc).

Spectral power distribution plot [edit]

The spectral power distributions provided by many manufacturers
may have been produced using 10 nanometre increments or more on

their spectroradiometer [F28" P68 Tha vaciit je what would seem

to be a smaother {fuller spectrum) power distribution than the lamp

actually has. Increments of 2 nm are mandatory “4800 reeded g,

taking measurements of fluorescent lights. Here is an example of
Just how different an incandescent lamp's SPD graphs compared to a
fluarescent lamp,



Color Temperature of Various Light Sources

A

Lamp Type

From Energystar Building Upgrade Manual

Color Temperature (° K)

Incandescent
Halogen

Compact
Fluorescent

Full-5ize
Fluorescent

Mercury Vapor
Metal Halide

High-Pressure
Sodium

Low-Pressure
Sodium

@ 2000 = llower when dimmed,
-
@ 3000
2100 3000 3500 4100 a0 Bal0
e @ L] L L L
3000 3500 4100 5000 G500
_ e @ 9 L] 9
wam-white”  “whik" "eool-white”
@ 4400 (coated) W 5700 (e
i & 4
2100 700 3100 4100 2000
& @
standard  whita HPS
@ 1740

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500

ULF
40



Lamp Characteristics

From Energystar Building Upgrade Manual

Standard
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Putting Energy Into Profits: Geting St Kenying st
ENEHGY STAR@ GUIdE fﬂr Smﬂ" BUS'“ESS Getling Started: Finding Funds ..o

(zetling Started: Selecting Contrachars. ... e e e
Gefling Started: Prionfizing Projects e
Gefting Started: Managing Projeots o

BUrE ENBIGY SAVEIS oot e e
Larger OpportURITIES. ..o e eeessee e rescsacesamssesesssersecrss s ssanssmessenssseaesene s sasen
Larger Cpportunities: Building Shall. ..o
Larger Cpportunities: Lighiing ...
Larger Cpportunities: Commercial Food Senvice Equipment.....oo
Larger Opportunities: Heating, Cooling & Ventlaing ..o
Larger Cpporunities: Office Equipment & Appliances. ..o
Larger Cpportunities: Refigeration ...
Leading Small Business Facility TYPES .o eeeaeeen
Leading Small Business Facility Types: Auto D2alRrs. e
Leading Small Business Facilty Types: Educafional Facilifies.........ooco
Leading Small Business Facifty Types: Food Service/Restaurant.......... ...

Leading Small Business Faciity Types: Grocery/Convenience Store ...

Leading Small Business Facility Types: Health Carg o
Leading Small Business Facifty Types: Looging.....ceiececcnne
Leading Small Business Faciity Types: Office o
N . Leading Small Business Faciity Types: Retail ..o
- : O CAlEUlFtE YU BAVINGS c.oovooceveeeees e rececemessessss s ess s ssecees
- ‘ i WL Calculate Your Savings: Financial Analysis ...
, 4 IS, Emi I Protecti : T TP
LEARN MORE AT :ﬂﬂfﬁ y f“f'm';"mi?r:mg_ 2 Caloulate Your Savings: Saving With ENERGY STAR..eooooeeocece
EnergYStar.gnv ﬂmﬂ:‘:’ﬁfm‘ﬁm’;; ::"I"““"" il pi) Caleulate Your Savings: Indirect Banefits ..o



Donald R. Wulfinghoff 400

ENERGY 5

EFFICIENCY
MANUAL

v" EASY TO USE. Get quickly to the information you need. Clear
explanations. Hundreds of illustrations and examples.

v/ FOR EVERYONE. The primary reference for professionals. The best
how-to guide for owners and managers. A sourcebook for students,
writers, and Buewnne mteresled in energy and ine enmmnmem

v/ COMPLETE. Save the most energy in all types of huslnesses,
institutions, industrial plants, factories, farms, and homes.

v UP TO DATE. The latest technology and methods. Get the facls
about conlroversial issues.

v" QUICK PAYBACK. Pays for itself the first time you use it. Based
on real expenence makes l,rﬂur aclivities a success.

ENERGY INSTITUTE PRESS
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How Can OTA Help You ?

Jim Cain, environmental Engineer
James.Cain@state.ma.us
(617) 626-1081

Office of Technical Assistance and Technology
Executive Office of Energy and Environmental Affairs
100 Cambridge Street, Suite 900
Boston, MA 02114

WWW.mass.gov/envir/ota
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Improving Energy Efficiency
In Motors And Compressor
Systems

Gerry Podlisny
Process Engineer/Environmental Analyst
gerald.podlisny@state.ma.us
(617) 626-1098

Office of Technical Assistance and Technology
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\\ Electric Motors

* According to the DOE process systems with
electric motors account for 63% of electricity

used in industry and 64% of total electricity
consumption

The Energy Policy Act of 1992 set minimum
efficiency standards for certain classes of

electric motors, which became effective in
1997

In June 2001, The National Electrical
Manufacturers Association (NEMA)
designating "better-than-EPAct" motors as

NEMA Premium™,

m




\\ Electric Motors

« The DOE estimates 600,000 motors >|
hp are replaced annually in US
manufacturing facilities

 Using NEMA Premium motors as
replacements could save 62 to 104
billion kWh per year, worth $5-15 billion

e Prevent the annual release of 30 million
metri ctons of carbon emissions
0T




\\ Premium Electric Motors

» Replacing a falled motor with a
Premium unit has a straightforward
return on investment.

 Energy efficiency savings offset the
price differential in a short period and
continue as long as the motor remains

In service. (10 years)
0




\\ Premium Electric Motors
Economic Example

e 100 horsepower AC induction motor
operating at standard SF 0.75 (56 kw)

 Two Shift Annual Operating Cost -

4000hr x 56 kw x $0.14/ kwh = $31360




\\ Premium Electric Motors
Economic Example

e Standard Motor costs approximately
$8450 Baldor CM4400T

e Premium Motor costs approximately

$10427 Baldor CEM4400T
e $1977 cost differential




Engineering Data

Horsepower Standard Efficiency  Premium Efficiency
5 84.0 89.6
10 84.0 91.1
15 87.5 91.7
25 90.2 93.0
50 91.7 94.1

91.7 95.0

94.1 95.8

m




\\ Electric Motors
Failed 100 hp

95.0% - 91.7/% = 3.3%

.033 x $31360/yr = $1035/yr. Savings

$1977 cost differential

Premium Motor Payback 1.9 yr, cost
savings persist for the life




\\ Electric Motors
Small Motor Example

« Changing motors solely for energy
conservation iIs more advantageous

with smaller motors.

e Ventilation Fan 10 hp motor at SF 1.0 —

24/7 operation at 7.5 kw

m




\\ Electric Motors
Small Motor Example
e Premium $1577 Standard Motor $1280
(OEM choice)




Engineering Data

Horsepower Standard Efficiency  Premium Efficiency

5 84.0 89.6

10 384.0 91.1

15 87.5 91.7
25 90.2 93.0
{0 91.7 94.1
91.7 95.0
94.1 95.8




\\ Electric Motors
Small Motor Example
6000 hr x 7.5 kw x $0.14 = $6300/YR

7.1 % Premium efficiency differential saves
$450/yr

$1570 Cost, $450 annual savings

Payback 3+ years with 10 year expected life.

Perhaps $2700 cost avoidance over Six
additional years




\\ Which motors to Target

Motors driving variable output where efficiency is
often poor.

Centrifugal Pumps
Hydraulic systems
Fans and Blowers

Motors scheduled for replacement or
purchased as spares

Motors greater than ten years old




\\ Another Option

e Variable Frequency Drives
(VFD)

« Control the speed and torque of an AC electric
motor

e Vary the frequency and/or voltage of the
electricity supply.

 AKA Variable Speed Drives (VSDs)




\\ Another Option

VFDs replace inefficient mechanical
controls:

belts and pulleys

throttle valves
fan dampers
magnetic clutches




VED Advantages

////////////
27, 11y
N7

i [ |

s |

No friction loss

No moving parts.

Instant and precise speed control

Small size facilitates retrofit

Gentle startups and gradual slowdowns
“Soft-Starts” reduce peak loads

* Energy savings up to 20 percent




\\ Compressed Air

Very convenient and very inefficient utility

Only 10-15% electrical to mechanical
energy yield.

Widespread use in industry offers potential
energy conservation options associated
with the motor.

There are also substantial opportunities In
system repair and maintenance.

: o




\\ 100 Hp Compressor

« Change to Premium Motor Saves
.033 x $31360/yr = $1035/yr

m




Compressed Air
LEAKS

Leaks are major source of wasted energy in compressed
air systems.

1 hp yields about 3.5 SCFM at 100 psi

A “small” leak at 1 scfm costs about $0.75 a day (<
1/32” dia = pencil point)

For 24/7 activity costs $250/year

A plant may have a leak rate of 20-30% of total
compressed air production capacity.

m




\\100 HP Motor at 75% capacity

« Change to Premium Motor Saves
.033 x $31360/yr = $1035/yr

e A 20% leak reduction saves
0.2 x $31360/yr=  $6272 /yr

e Limited capital investment !

65
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\\ Repair and Maintenance
Leaks

Pipe and Fitting Leaks

Flexible Hoses
Condensate Drains- Float and Electric

Hand tools and guns
Valve seats and Seals




L eak Detection

* Tour the plant during down time
o Storage tank pressure decay

e Ultrasonic Leak Detectors




\\ Pressure Drop Inefficiency

* For every 2 PSI| above need energy
costs rise 1%

* Filters/Separators- saturated or clogged
elements cause pressure drop that costs energy

e Corrosion- roughness impedes the flow causing
pressure drop.

* Consider other point of use equipment for low

pressure applications
0T




\\Low Pressure High Volume

e Vane Compressors

 Regenerative Blowers

e Low Pressure Guns and Nozzles.




Screw Compressors

 For medium pressure
* Load Matching through inlet throttling and
VFED speed control




Resources

U.S. Department of Energy's Motor Challenge Program

http://www1.eere.energy.gov/industry/bestpractices/motor_challenge
_national_strategy.html

DOE MotorMaster — Retrofit Database (with pricing!)

1'.18 LLY
http://www.compressedairchallenge.org/

m




TA Is Here to HELP YOU!

Gerry Podlisny
Process Engineer/Environmental Analyst
gerald.podlisny@state.ma.us
(617) 626-1098

Office of Technical Assistance and Technology
Executive Office of Energy and Environmental Affairs
100 Cambridge Street, Suite 900
Boston, MA 02114

Wwww.mass.gov/envir/ota
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ENERGY EFFICIENCY
PUMPS AND FANS

NEWMOA Web Conference on Energy Efficiency
June 3, 2008

CECILE GORDON, P.E.

MA OFFICE OF TECHNICAL ASSISTANCE AND TECHNOLOGY
617-626-1092
cecile.gordon@state.ma.us
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\ Energy Efficiency
Pumps

* Involve all levels of employees In
suggesting pump efficiency improvements

Conduct an In-Plant Pumping System Survey

Maintain Pumping Systems Effectively

Correct inefficiencies in the system _
m
74




\\ Energy Efficiency
Pumps

Involve all Levels of Employees

Management
Supervisors
Operators

m




PUMPING SYSTEM SURVEY

The Department of Energy provides a
software tool to assess the efficiency of pumping
systems called PSAT.

The DOE has obtained savings using PSAT in the

following industries, however, pumps are common to all
Industries

Industry Average Energy savings Average Annual
# of Assessments Million BTU/year SIS

Aluminum (2) 1,882,500 $74,000
Chemicals (1) 1,601,200 $106,000
Forest Products 4,717,400 $186,500

Mining(7) 9,419,100 $410,700 g=%
Petroleum (2) 1,150,000 $46,000




Conduct an In-Plant Pumping
System Survey, this includes:

e Develop a system curve by measuring pressure
at selected points in the pipe at different flows.

 The selected points include suction and
discharge pressures.

e Obtain the performance curve of the pump from
the manufacturer iIf you do not already have lIt.

o




SCHEMATIC OF A PUMPING
SYSTEM

L=20'

4 alboars [F0%),
1 tee, 2 zate
valwes, 1 checlk
valve, fo=+ 5

L=1%
2 elbaoars [(90%)
2 gate valves L=55

fe=-g 5 elbows (907,
1 tee, 2 zate
rwalves | So=30"




\\ Energy Efficiency
Pumps

e In-Plant Pumping System Survey, cont’d

mystem curve

Cperation point

Flow Rate - ¢ T engineTingtoo o, com




\\ In-Plant Pumping System Survey,
cont’d

* Find out where the system curve
Intersects the performance curve.

e This point should be within 20% of the
pumps best efficiency point (BEP).

* Average operating flow — check control
valve opening.




\\ Energy Efficiency
Pumps

MAINTAIN PUMPING SYSTEMS
EFFECTIVELY

e Packing.

e Mechanical Seals.

 Bearings.




\I\/IAINTAIN PUMPING SYSTEMS
EFFECTIVELY, cont'd

 Motor/Pump Alignment.

e Motor Condition.




\CORRECT INEFFICIENCIES IN
THE SYSTEM

Conduct a detailed review of your plants
pumping system If:

 The imbalance between the designed
system requirements and the actual
(measured) discharged head and flow

exceeds 20% m




WORRECT INEFFICIENCIES IN
THE SYSTEM

A pump may be incorrectly sized If:

It operates under throttled conditions
has a high bypass flow rate

has a flow rate that varies more than 30%
from its best efficiency point (BEP).

84 o




CORRECT INEFFICIENCIES IN
THE SYSTEM

Efficient solutions include:

* using multiple pumps by adding
smaller auxiliary (pony) pumps

e trimming impellers

e adding a variable speed drive. m

85




Energy Efficiency

CORRECT INEFFICIENCIES IN THE SYSTEM
e Optimize pump sizing

Figure 1. Annual water pumping cost for 1,000 feet of pipe of different sizes

Gost of Pumping (S)

.
o
-

i) 800 1,200 200 | 200
Rate of Flow (gpm)

Based on 1,000 ft. for cleam iron and stee| pipes (schedule 40) for pumping 70°F water. Electricity
rate—0.05 5/KWh and 8,760 operating hours annually. Combined pump and motor efficiency—70%.




CORRECT INEFFICIENCIES IN THE
SYSTEM

Trim or replace impellers

101 dia _ oyatem curve
hanged conditions

& i dia.

f in dia . P Operation point

HP-SI-II

Flow Fate - of T emireringboo Do, comt




\CORRECT INEFFICIENCIES IN

THE SYSTEM

VARIABLE SPEED DRIVE

Operating
Point

1,550 mpm

1350 rpm

1,150 rpm

sl rpm

0 20 400 &0 800 1,000 1,200 1,400
Flow Rate (gpm)

Figure 1. Varlation In the centrifugal pump head capacity curve with pump speed




\ Energy Efficiency - Fans

The Fan System Assessment Tool (FSAT).

A DOE software tool to assess fan system
efficiency

Quantifies energy consumption and savings
opportunities

Simple and Quick - requires only basic
Information

Calculates the amount of energy used;
determines system efficiency and

savings potential.

M




\ Energy Efficiency - Fans

 Perform periodic maintenance
* Ensure proper fan sizing

* Design with inlet and outlet ducts as
straight as possible

m




\\ Energy Efficiency - Fans

* Consider Variable Frequency Drives
(VFDs) to improve fan operating efficiency
over a wide range of operating conditions

 Maintain proper belt tension and alignment

« Combine fans in parallel or in series where
applicable to increase efficiency and
reduce costs.
0




\ Common Maintenance Tasks Include:

Periodic inspection of all system units
Bearing lubrication and replacement

Belt tightening and replacement

Motor repair and replacement

Fan and system cleaning

Check ductwork leaks E.i":




Ensure Proper Fan Sizing
FAN AND SYSTEM CURVES

 Generate a system curve to determine
power consumption.

e Obtain the fan curve from the

manufacturer.

e If the system curve intersects the fan
curve at a point that is not near the best

efficiency point (BEP), the fan is
oversized.
0T




Fan Performance and System Operating Point
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Figure 1. Influence of fan performance and duct flow
resistance on system operating point.




Example of Fan System Components

Turmning Vanes
itypically uzsd on
short-radius elbows)

Outlet Diffusers

Heat Exchanger

Filter

Inlet Wanes

Motor Controller

Centrifugal Fs
enftrifugal Fan Variable Frequency Drive

Belt Drive
Motor

Figure 1-3. Example Fan System Components

95



\ VARIABLE FREQUENCY DRIVES

Improve fan operating efficiency over a wide
range of operating conditions.

provide an effective and easy method of
controlling airflow.

are able to retrofit to existing motors.

eliminate fouling problems associated with
mechanical control devices.

One disadvantage Is a low rotational speed risks

unstable operation.
m




\\ SUMMARY

Energy Conservation for Pumps and Fans must
Involve all levels of employees.

Conduct an In-Plant Pump or Fan System
Survey

Correct inefficiencies in the system
Institute A Preventative Maintenance Program

There are state and federal agencies that
conduct free facility audits to identify areas
where energy can be conserved.

For more information contact OTA at:
or at 617-626-1060

m




\\ References:

« DOE Pumping Systems TIP Sheets

 DOE and Hydraulic Institute: Improving Fan
System Performance: A Sourcebook for Industry

e Contact Cecile Gordon at 617-626-1092 or
cecile.gordon@state.ma.us

m
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TECHNICAL INNOWATION WITH ENVIRONMENTAL RESPONTIBILITY
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