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ABSTRACT

The US Department of Energy’s (DOE’s) Better Buildings, Better Plants Program works with
manufacturing companies to improve their facilities’ energy efficiency. By partnering with the program,
companies commit to long-term energy efficiency goals, typically 25% energy savings in 10 years. The
program provides technical support to help partners obtain their goals and recognizes partners’
outstanding achievements. One of the technical support offerings from the program is the Energy
Treasure Hunt Exchange In-Plant Training. The Treasure Hunt Exchange is an adaptation of the Kaizen
methodology for energy efficiency originally developed by Toyota. DOE developed the Energy Treasure
Hunt Exchange Toolkit to facilitate program partners’ execution of the energy treasure hunt processes.
The toolkit covers three phases of an energy treasure hunt for all major energy systems: pump systems,
fan systems, process heating systems, process cooling systems, steam systems, compressed air systems,
lighting systems, and motor systems. All the tools included in the toolkit can be downloaded from the
DOE website. The purpose of this report is to provide Better Plants partners an overview of the toolkit
and detailed descriptions of its capabilities.

1. INTRODUCTION

The US Department of Energy’s (DOE’s) Better Buildings, Better Plants (Better Plants) Program is a
voluntary partnership initiative to drive significant energy efficiency improvement across energy-
intensive industrial companies and organizations. As of January 2019, 205 manufacturing companies and
public water and wastewater treatment plants are partnering with DOE through the Better Plants Program
to improve the energy efficiency of their facilities.

By partnering with Better Plants, partners pledge long-term ambitious energy savings goals, typically
25% over 10 years. These partners receive national recognition for their achievements, technical support
from technical account managers, access to in-plant training (InPLT) and other energy savings resources,
and networking opportunities.

INPLTs are two- to four-day events led by experts in energy-intensive manufacturing processes and
systems. The experts train facility staff on how to establish energy management systems, conduct plant
energy assessments, use DOE tools and resources, and implement cost-effective projects. Better Plants
partners can apply to host training or just participate in the training events. Better Plants currently offers
INPLTSs in several topics: pump systems, fan systems, process heating systems, steam systems,
compressed air systems, industrial refrigeration systems, water and wastewater treatment processes, the
50001 Ready Program, and energy treasure hunts.

The energy treasure hunt InPLTs can take two different forms: (1) a full “exchange” in which two
partners each send their energy team to the other’s facility to conduct energy treasure hunts or (2) a more
traditional energy treasure hunt in which only staff from the host facility attend. To promote best
practices, knowledge sharing, and networking, the Better Plants program encourages the full exchange
format.

DOE developed the Energy Treasure Hunt Exchange Toolkit to facilitate planning treasure hunt events,
executing the energy treasure hunt, identifying energy conservation opportunities, performing savings
estimations, and tracking the results. This report provides Better Plants partners an overview of the toolkit
and detailed descriptions of its capabilities.



2. ENERGY TREASURE HUNT EXCHANGE TOOLKIT OVERVIEW

The three phases of the treasure hunt process and the associated tools and documents are shown in Figure
1 and the following subsections. The materials can be downloaded from
https://betterbuildingsinitiative.energy.gov/energy-treasure-hunt-exchange-toolkit. PDF versions of the
documents and screen captures of the tools are included as appendixes.

(1) (2)»»

Follow-up
Agenda - Template Kick off Presentation « Event Certificate - Template
Pre-event Data Collection Form Handouts « Evaluation Form - Template
Plant Energy Profiler (PEPEX) Tool Energy Efficiency Calculators » Project Implementation Tracker
Opportunity Sheet and Summary
Report Generator

Figure 1. Three phases of energy treasure hunts.

2.1 PHASE 1—ENERGY TREASURE HUNT PREPARATION TOOL LIST

Save the Date template (MS Office Word file)

Agenda template (MS Office Word file)

Pretraining Data Collection Form (MS Office Excel file)

Plant Energy Profiler Excel (PEPEX) Tool (MS Office Excel file)
Plant Water Profiler (PWP) Tool (MS Office Excel File)

2.2 PHASE 2—ENERGY TREASURE HUNT EVENT TOOL LIST

o Kickoff Presentation template (MS Office PowerPoint file)
e Handouts
- Check Lists (PDF file)
- Data Collection Sheets (MS Office Excel file)
- Cheat Sheets (PDF file)
- Info Cards (PDF file)
e Calculators
- Electricity Savings Calculator (MS Office Excel file)
- Natural Gas Savings Calculator (MS Office Excel file)
- Steam Savings Calculator (MS Office Excel file)
- Water Savings Calculator (MS Office Excel file)
Opportunity Sheets (MS Office Excel file)
e Summary Report Generator (MS Office Excel file)


https://betterbuildingsinitiative.energy.gov/energy-treasure-hunt-exchange-toolkit

2.3 PHASE 3—ENERGY TREASURE HUNT FOLLOW-UP TOOL LIST

e Participation Certificate template (MS Office PowerPoint file)
e In-plant Training Evaluation Form template (MS Office Word file)
e Project Implementation Tracker (MS Office Word file)

3. TOOLS FOR PHASE 1—ENERGY TREASURE HUNT PREPARATION

Proper planning helps the facilitator set up more effective teams, identify and target high potential
operations, and avoid surprises on the day of the event. The toolkit provides two templates to aid in
planning the event and in informing participants about the event: the Save the Date Announcement (see
Appendix A) and the Agenda (see Appendix B).

Gathering relevant information and analyzing the data before the event is a crucial part of planning that
provides a better understanding of the facility and its operations before the event begins and reduces the
time spent gathering data during the event. The toolkit provides the Pretraining Data Collection Form (see
Appendix C) for this purpose, which provides a structured approach to collecting relevant information
without missing out on required data.

Depending on the level of time and effort the facilitator is looking to put into the preparation, the toolkit
provides two data collection and analyzing options. The “Essential data” section of the form contains
items crucial to running the event, such as the energy sources used, operating shifts, annual energy
consumption, and utility costs. The “Helpful data” section contains information that is useful to planning
a more effective event. This focuses on information about the process equipment, including
specifications, efficiency, and operating hours.

For a more detailed analysis, the user can use the PEPEX, which helps identify how energy is being
consumed at a plant and shows the potential for improvement in each system. Similarly, the PWP Tool
helps illustrate the water flows in a plant, calculates the “true cost of water” of the facility (such as the
costs associated with water procurement, treatment, and consumption and wastewater disposal), and helps
identify areas for improvement in each system.

4. TOOLS FOR PHASE 2—ENERGY TREASURE HUNT EVENT

During the treasure hunt event, the participating teams investigate specific systems to identify possible
energy savings opportunities, quantify the savings, and summarize the results. The tools for phase 2 help
the participants and the facilitator at each step of this process. The toolkit includes a template for the
kickoff presentation for the first day of the event (see Appendix D). The facilitator can use this to
introduce participants to the treasure hunt process and provide an overview of the facility and its systems.

41 HANDOUTS

The handouts provide guidance to help participants identify opportunities and collect the relevant data to
guantify savings. Although the handouts provide the necessary information for anyone to start identifying
opportunities and gathering data, they are designed to be used as guides only to help the participants get
started and are not meant to be all-encompassing checklists. The toolkit contains four different types of
handouts for each system type: checklists, data collection sheets, cheat sheets, and info cards.



The checklists breakdown the system and the various components to be assessed by the treasure hunt
participants, along with the typical parameters required to identify opportunities. They also outline the
most common low-cost/no-cost opportunities associated with the system and provide a sketch of the
system. Figure 2 is an example checklist, and the rest can be found in Appendix E. Checklists have been
created for seven systems:

Chilled water systems
Compressed air systems
Lighting systems
Process equipment
Process heating systems
Pump and fan systems
Steam systems

z Eleatrt|$; Chilled Water System Check List

Energy Treasure Hunt

Best Practices

1) Use cooling towers i place of chillers when possible 6.) Employ Floatiug lead Pressure Control

Cooling
Tower

Condenser

Water Pump
NAAANAS Cooling

NAAAS Tower Circuit

Compressor
| (O)] [
I l‘—J Chiller
K ¥

Condenser

Evaporator

Chiller
Water

Circuit Cooling Coil

To Plant

—— Floor
Chiller Water :

Pump

Leam more at betterbuildingssolutioncenter.energy gov/better-plants ENERGY

Figure 2. Checklist for chilled water systems.

The data collection sheets list the minimum amount of information that must be measured to quantify the
savings associated with the most common opportunities identified in treasure hunt events. In addition,
these sheets provide tips on where and how to collect the required data. The data collection sheets can be
found in Appendix F and have been created for five systems:

Lighting systems

Pump and fan systems
Compressed air systems
Steam systems

Chilled water systems

The system-specific cheat sheets are repositories of system charts, default tables, rules of thumb, and
more. The sheets serve multiple purposes: help participants better understand the system’s operation; help
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participants perform back-of-the-envelope estimates of energy savings; and provide quick references to
check the feasibility of some opportunities. The cheat sheets can be found in Appendix G, and Figure 3
provides an example. There are six system-specific cheat sheets:

Lighting systems

Pump and fan systems
Process heating systems
Process cooling systems
Compressed air systems
Steam systems

Better Compressed Air System — Cheat Sheet
Plants Energy Treasure Hunt
Rules of Thumb Major Types

Lowering compressor pressure
xmp By 2PSIG resus in a 1%

Lowering compressor infet air

e mvﬂalur by 10°F results i 8 2%

80% of the electric energy going

%0 Compressors s Vost a5 heot Oymamic
Efficiency Index - kW/CFM 5"‘::““',"‘"‘ Better turn down Good for 1l ad
sur
®  Compressor data sheet (CAG) operation T apemtion
peovades kW/CPM st the rated Typacaily used in S - midsized Large appikations
Capacity sesd the full ioad pressure smaler applications | applications <500 2 500 HP
®  Logging the energy consumption Typial Controls Typical Controls - Load/ | Burtery Vaives, Inles Guide
W e oS On/ot Unlosd, Modwating, VSO Vanes
Air Leaks (CFM)
Pressure Orifice Diameter
l e | _ym 1/16 ) e )
2: 029 128 466 | 1862 284 - I
[ 032 126 524 | 2076 a1 1872
% 036 146 572 | 231 92 206.6
100 040 155 631 | 2822 1005 27
125 048 194 7.66 30.65 1222 2755
“for onfices, vah tiplied by 0.97 and by 061 for sherp ones.
**Cost savings = § of leaks % leakage rate {cfm) X KW/cim x # of howrs x $/KWh
Power drawn @ Part Load Typical Losses

1w

Doivevs Comorauies A7 13 Cooy 3%

e Uses. Alternatives

Low pressure blowers, eectrc fans beoons
and

Leacn more at betterbuildingssolutioncenter energy gov/better -plants ENERGY

Figure 3. Cheat sheet for compressed air systems.

The info cards include top energy conservation measures, frequently used formulas, common rules of
thumb, unit conversions, and reference tables for major energy systems. The cards are very handy for
quick references (see Figure 4) and can be found in Appendix H. Info cards are available for eight
systems:

Pump systems

Fan systems

Process heating systems
Process cooling systems
Compressed air systems
Steam systems

Motor systems

Water systems



Better
Plants

US SURANTMENT CF ErEROY

. Compressed Air System /170 Card

. Eliminate inappropriate uses of compressed air
. Stabilize system pressure
. Lower pressure requirements of end uses
. Minimize compressed air leaks

. Provide compressed air of appropriate
quality for manufacturing processes

1 hp air motor = 7-8 hp of electrical power

30 scfm @ 90

psig Is required
by the air motor
«  7-8 hp electrical
power required
for this
«  Annual energy
cost $1,164 (air

motor) vs. $194 o freut Power 10 Skaic Noer
(electnc motoﬂ = G2t Powar Recu red by Compreszor
Dot Linss und Uselal Woek,

Vi oa W

Compressed Air System’s Inefficiency

80% Heat of
Compression Loss

5% « 10% Wasts

Leaks, Artificial Demand
Inappropriate Use
<10% Productive Use

Rules of Thumb

Lowering compressor pressure setpoints
by 2 PSIG will result in 1% savings

+  Lowering compressor inlet air temperature
by 10°F will result in ~2% savings.

Resources

+  Improving Compressed Air System
Performance: A Sourcebook for Industry
by US Department of Energy
+  AlrMaster+ and Logtool by US DOE
betterbuildingssolutioncenter.energy.gov
e pnng | Offica of ENERGY EFFICIENCY
ENERGY & iniwabie enenoy

WATFR POWER TECHNCIL OGIFS OFFKF
Figure 4. Info card for compressed air systems.
4.2 OPPORTUNITY SHEETS

The toolkit also provides an opportunity sheet template to help properly document the identified energy
savings opportunity and prevent information loss between project identification and implementation.
Opportunity sheets streamline the information transfer by providing a standard format to capture and
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summarize the specifics of a potential energy saving measure. Each opportunity identified during an
energy treasure hunt exchange gets its own opportunity sheet. Appendix I shows a screenshot of the
opportunity sheet template.

43 ENERGY TREASURE HUNT CALCULATORS

The toolkit contains nine calculators to help participants quantify the energy savings from opportunities or
best practice implementation identified during the Energy Treasure Hunt Exchanges. Each energy or
utility type (including water) has its respective “Treasure Hunt Calculator”; Appendix J provides several
screenshots of each calculator. The treasure hunt calculators can help estimate the savings associated with
typical treasure hunt opportunities such as scheduling or turning equipment on or off, reducing the load
on the equipment. Calculators are also available to help quantify results for very specific opportunities
(reducing compressed air leaks, reducing compressor pressure, and insulation and lighting
improvements).

The results from the calculators provide the information needed to populate the opportunity sheets. Using
the calculators is optional and can be bypassed when energy savings are estimated using other calculators
or methods more familiar to the user.

Although not included in the toolkit download, DOE is currently developing the MEASUR tool suite as a
“one stop shop” for energy savings calculations. This software is open source and cross-platform
compatible, and the algorithms were developed by systems experts and are technology and vendor
agnostic. When complete, MEASUR will include updated versions of the programs formerly known as
the Pumping System Assessment Tool (PSAT), Process Heating Assessment and Survey Tool (PHAST),
Fan System Assessment Tool (FSAT), Steam System Modeler Tool (SSMT), and AIRMaster+.
MEASUR is available for download with several of the systems available for assessments. Figure 5
shows a screenshot of the home screen. The energy treasure hunt calculators discussed previously will
also be incorporated into MEASUR, complementing the more than 40 calculators already included, some
of which can be seen in Figure 6.
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U.5. DEPARTMENT OF
@ENERGY
Energy Efficiency & M EA U R

Renewable Energy

Welcome to the most efficient way to manage and optimize your plant's systems and equipment.

Home
Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment
B All Assessments calculators.
h New Assessment Get started with one of the following options.

m Examples
& get:jeat Furnace Case \/
tudy \/

i Example Pump
@ Fan Example Create Assessment Properties & Equipment Calculators

scenarios. of adjustments

Model tem and explore multiple optii

All Calculators

Motors Create Pump Assessment [ Motors

Pumps formerly DOE Pumping System

Fans Assessment Tool (PSAT) B Pumps

Process Heating

Steam

Compressed Alr Create Process Heating Assessment B Fans

Lighting & formerly DOE Frocess Heating N
General Assessment and Survey Tool (PHAST) 8 Process Healing
Settings Create Fan Asses: i Steam

Custom Materials Create Fan Assessment

Tutorials formerly DOE Fan System Assessment [ Compressed Air
About . Tool (FSAT)

Gontact [ General
Acknowledgments

v0.3.1-beta @ 0 View All Your Assessments

Update Available!

ENERGY

us oeeartuent or | Eneroy Efficiency &
Renewable Energy

Figure 5. MEASUR tool suite home screen.

() MeASUR

U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Motors Calculators

NEMA Energy Efficiency
The predicted efficiency of an induction motor from NEMA MG1, based on size, rotating speed and efficiency

Home

Motor Performance
Plots current, efficiency. power factor vs motor shaft load for a given motor description.

8 All Assessments
B New Assessment
W Examples
o Reheat Fumace Case
tudy

Percent Load Estimation
Calculates Percent Load Estimation

© Example Pump
® Fan Example

All Calculators

[:’40(0@ Motor Drive

L ::;P‘- The Motor Drive Calculator compares the annual energy cost of three motor drives: V-belt drive, Notched V-Belt
Process Heating drive, and Synchronous Belt Drive. Synchronous belts are the most efficient, however cost analysis and

Steam . Shoukd b

Compressed Air

Lighting

General Replace Existing Motor

—— _ Calculate the energy savings, cost savings, and payback period for replacing an existing motor with a higher

Custom Materials efficiency motor.
Tutorials

About

Contact
Acknowledgments

v0.3.1-beta @
Update Available!

Replace vs Rewind
' Compare the cost and energy expenditure of rewinding a failed motor versus replacing it with a new energy-
efficient model.

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Figure 6. MEASUR tool suite calculator collection screen.

44 SUMMARY REPORT GENERATOR

After identification and quantitative analysis of individual opportunities, the results are rolled up and
summarized to create a report for presentation to management. This is made easier with use of the
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summary report generator (shown in Appendix K), which automatically rolls up the individual
opportunity sheets and creates appropriate summary tables and charts.

5. TOOLS FOR PHASE 3—TREASURE HUNT FOLLOW UP

The energy treasure hunt exchange follow-up involves prioritizing the identified energy savings
opportunities and determining the next steps for project implementation. The Project Implementation
Tracker helps with this task and is used to check the status of energy projects against the implementation
schedule and to monitor project results. Screenshots of the tracker can be found in Appendix L. The
follow-up phase also includes templates for Participation Certificates (see Appendix M) and an
Evaluation Form (shown in Appendix N) for use in postevent activities.

6. SUMMARY

The Better Plants Program is a voluntary partnership initiative to drive significant energy efficiency
improvement across energy-intensive industrial companies and organizations. The program provides
technical support, national recognition, and networking opportunities. One of the technical support
offerings is Energy Treasure Hunt Exchange In-plant Training. DOE developed the Energy Treasure Hunt
Exchange Toolkit to assist partners in energy treasure hunt processes.
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APPENDIX A. SAVE THE DATE TEMPLATE

Better OAK
Plants b — ) RIDGE

National Laboratory

SAVE THE DATE

US DOE’s In-Plant Training Energy Treasure Hunt

Exchange

Company Name
Facility Address

May 1 to 3, 201X

ABC limited, ORNL, and U.S. DOE’s Advanced Manufacturing Office are organizing an Energy
Treasure Hunt Exchange to identify day-to-day operational energy efficiency improvements in
the manufacturing process and associated systems. The in-plant training will prepare plant
personnel with hands-on experience on how am Energy treasure hunt is run in addition to
identifying and, evaluating energy efficiency projects. Participants will be provided with
practical information to identify energy saving projects and the necessary tools to quantify the
associated savings. The focus will be on identifying low cost operational opportunities for
energy optimization and documenting them.

Participants will learn:

e The value/benefits of a treasure hunt exchange
What to look for in an energy treasure hunt and how to profile equipment energy use
How to identify equipment and process opportunities
Methods for collecting energy data and common data collection tools
How to effectively present outcomes of the Treasure Hunt Exchange
How to understand calculation tools and ROl methodologies
What are relevant diagnostic tools and how to use them
Use of Tools to calculate energy savings from identified opportunities
How to select processes, plants, departments for treasure hunts
The importance of Team makeup — processes and people
Prioritizing energy-saving opportunities
Replication across facilities, departments, business units
Preparation of treasure hunt outcome for management presentation

Additionally:
e Atleast one employee will learn how to be a facilitator to conduct internal treasure
hunts

A-2




The training will focus on four fundamental elements that every treasure hunt exchange needs
to have in order to be effective. These four elements are:

A profile of the equipment/systems to be analyzed and an equipment checklist
Data collection protocols and tools
Calculators and calculation methodologies (baselines & ROI metrics)

Eal

Relevant energy diagnostic equipment and how to use them

Contacts
e Designation, Name , contact@company.com
e Designation, Name, facilitator@company.com

Get to Know the Presenters: Brief Bio Sketches
Presenter 1: Short bio

Presenter 2 : Short bio

A-3




APPENDIX B. AGENDA TEMPLATE

M Better
4@ Plants

U.S. DEPARTMENT OF ENERGY

OAK
RIDGE

National Laboratory

T ——

Energy Treasure Hunt Exchange
Dates: Sunday, May XX, 201X — Tuesday, May XX, 201X

Partner Site: Your Name, TN facility - 1 ABC Drive. Tonawanda, TN 37919

ABC limited, ORNL, and U.S. DOE’s Advanced Manufacturing Office is organizing an Energy Treasure Hunt Exchange to
identify day-to-day operational energy efficiency improvements in the manufacturing process and associated systems. The event
will be led by Presenter 1 at the ABC Ltd. plant is located in Tonawanda, Tennessee. The plant manufactures original
equipment and replacement parts for the consumer and commercial markets. In addition to identifying projects for the
host facility, the event will equip the participants with the knowledge and tools required to take the treasure hunt concept and
apply it in their other facilities.

Pre-Training Webinar
April XX, 2017 at 9:30 AM ET

In preparation for the INPLT, join us for a pre-training webinar on treasure hunt exchanges.

More Info and to Register - https://attendee. gotowebinar.com/register/878154244193730XXX

10:00 AM - 12:00 PM 12PM to 1P 1:00 PM - 5:30 PM
Safety / Plant Orientation
Day1l Opening Remarks Gather into Teams
Sunday Kick off Tour the facility and look for opportunity
X/XX/2017 Lunch
Objectives and Overview of the Discuss initial findings/ideas
{Observing the | Treasure Hunt Exchange
idle facility) Plan for Monday morning
Assign teams and leaders
8:00 AM - 12:00 PM 12PM to 1P 1:00 PM - 5:30 PM
Day 2 Welcome from Management
Monday Layout plan for the day Begin detail sheets
X/xxf2017 Detail Sheet Training Lunch Additional data collection in the facility
{Observing the - . . .
operating Observe facility and operations Identify top ideas
facility)
8:00 AM - 12:00 PM 12PM to 1P 1:00 PM —4:00 PM
Recap top ideas
Day3
Wrap up details sheets and field Dry run management presentation
Tuesday observations {unch
XX/XX/2017 Present to management
Roll up data sheets




Get to Know the Presenters: Brief Bio Sketches
Mr. Presenter 1: Short bio

Mr. Presenter 2 : Short bio

PPE Requirements

Use this section to instruct participants on sign-in procedure, photo ID
requirements, policy on electronics, PPE requirements, parking etc.

A-5



APPENDIX C. PRETRAINING DATA COLLECTION SHEETS

‘ Better Energy Treasure Hunt In-Plant Trainin OAK
‘ Plants y ::vanced Information Request ’ . RIDGE

National Laboratory

This document is requested to be completed at least 2 weeks prior to the energy treasure hunt

The document is broken down into three section (three tabs of the excel workboaok)
1.) Essential Data - All fields listed in this sheet are key to running a successful treasure hunt and is to be filled by the user.

2.) Helpful Data -The fields listed in this session are helpful to have in advance and make it easierto effectively plan forthe treasure
hunt event. It is recommended that the user goes through the various sectionsin this sheet and complete it based
on information readilyavailable.

The Plant Energy Profiler Excel (PEPEX) is recommend for userswho would like to provide the treasure hunt facilitator with moreinformation about the facility. In addition to
providing the facilitator with the knowledge required to tailor the treasure hunt event, the PEPEx will also help the user better understand the energy usage and the existing

opportunitiesin the facility.

Ittakes a user with an understanding ofthe various systemsin the plant an average of 20 minutes to complete the tocl. Interested users are encouraged to seek the help ofthe
facilitator to complete PEPEx document. PEPEx is included in the Treasure Hunt Toolkit and can also be downloaded from the DOE website.

Essential Information

Plant Contact Information:

Corporation Name: Location:

Plant Name: Primary Contact for Assessment:
Primary Product: Address

Industry Type: Phone:

Specify if other: E-mail:

Specific Problems or Areas of Interest
related to Plant's Energy use:

Plant's Operating Schedule:

shift No. Hours of Operation/Day Days/Week Weeks/Year Annual Hours
1
2
3
Office Hours
Others

Unit Cost of Energy:

1) Please provide unit costs for different energy types used in your plant and the corresponding unit.

Instructians: 2) Please provide Steam/Compressed Air cost only if user is buying steam/compressed air from a utility or a third-party enterprise.
3) A proxy can be used if there is concern with sharing the cost data
Energy Type Unit Price Unit
Electricity s/
Natural Gas =7
Steam 8/
Other Fuel =7
Compressed Air =7

A-6



Area of Focus
Team Leader
Member 1

Team Information - Optional

Team -1 Team -2

Helpful Data

Team -3

Team -4

Member 2

Team -5

Member 3

Member 4

Member 5

Member 6

Plant Data:

Items

Annual Production Volume
Plant Square Footage

Value

Gffice Square Footage

Additional Comments

Number of Employees

Certification (150 50001, 140001]

Energy Management System (Yes/No)

Facility Equipment Data:

The table below provides a framework of the typical systems in a manufacturing plant, please feel free to add/remove systems from the list as per your facilities configuration.
Building Equipment Equipment Number Size Estimated (Hrs/year) | Load Factor (%) Index Unit Index Value Control Strategy/ Additional Comments
kW/100 SCFM
kW/100 SCFM
EanmrE= FW/100 SCFM
MMBTU/KIb
Boilers MMBTU/kID
T TkGal
Chillers kw/kGal
Furnaces
etc.
Process Equipment Data:
The table below provides a framework of the typical processes in a manufacturing plant, please feel free to add/remove processes from the list as per your facilities configuration.
Estimated Load Fact
Process Equipment Total Size {;r‘s’;‘:e:l] oa [9:] or Additional Comments/information on the process
Incinerators
Furnace 1
Furnace 2
Press1
Press 2
Press 3
Paint booth
etc.

A-7



APPENDIX D. ENERGY TREASURE HUNT OPENING PRESENTATION TEMPLATE

Better
Shiane

Energy Treasure Hunt
INPLT - Kickoff

Diates

ENERGY

Energy Treasure Hunt Exchange
Overview

ENERGY

Energy Treasure Hunt Versus Energy Assessment

Treasure Hunt Assessment
» Confinugus process (repeat * Standalone event (3ssess as
anmually, guarterdy...) needed)
* Infemal resources » Exemnal resources
* Facus on operationsl » Facws on system performance
opportunities and technology
U Assessmant

Hunis

P o ) L Do g

ENERGY

Walt Brockway, PE, CEM

= Owner, Brodoway Consulting LLC

= 32 Years with Alcoa
= Enginger, Englneenngrrm@er plant manager

= 5§ years with @Cﬂ&?
= Started the Alcoa EE program in 2002
* Performed more than 30 Energy TreasureHunis

= onsuling with s Deparment of Energy, food, metals,
pharma, building products.

ENERGY

What is an Energy Treasure Hunt?

An Energy Treasure Hunt is a 3 - § day event that focuses on identifing
da\r to-day operational energy efficiency improvemenis.

+ The process invalves obsenving the facility during idle/partially idle time
pericds (frequently Sunday) to identify energy waste

) B}
Improvements

+  Tuming off equi pmaen wihen not in use
+  Changing s&i poinis

+ Automaling shundowns

+  Fedusng inad on the e uisment

+  Reocover wasied enengy

-

Ares of Exmrgy ESOEnCy Improvmet

ENERGY

What is an Energy Treasure Hunt Exchange?

+ An Ensrgy Treasure Hunt that imvolves the exchanpe of energy teams
between two facilities or companiss.

Ervargy | remmrs Hurk Enrhugs oo s udoe by S Satier] bt oo

ENERGY




The Basic Mission

Participant Overview — Energy Treasure Hunt

At the end of each day the feams beief each other on what they will pursue

ENERGY

Sk

Leamning Objectives — All Participants

+ Al departments have a role to playin Sataty
improving energy efficiency Emviranmental
Successhin energy programs are horzont! in an Human Resources
amganization, nof vertical Energy
+ Energy treasure hunt draw paricipanis
from across all operations and from outside
the host facility.
oo |y [ e |
'l
[ |
[ r—— ]
P —— ]
[ ——— ]
[ ENERGY

Leaming objectives - Future Facilitators

The event aims to educate all the participants on,
= What an energy treasure hunt exchange is, its value and bensfits

= How to evaluate eguipment energy use (both idle and non-idle
times}

= How to identify equipment and process opportunities

- Methods for collecting energy data and common dats collection
tools

= How to effeciively present outcomes of the treasure hunt

[

ENERGY

Advantages of a Treasure Hunt

* A Treasure Hunt Exchange encompasses both training and a “hunt”
+ Does nal nequine sophisticated fechnical anatysks
+ Cakulations ane (relatheely) simphe

+ Cain b appded by @ mphoees of warying discpines
+ Train sebkecbed par cipants o facl abe futune Beasune hunis

» A three-day aciivity — at comglefion, the facility has sufficient
infarmation te execute identified opportunities and an employes
who can facilitate future treasure hunts within the arganization

» Opportunitiesfideas are solicted from many disciplines and can be
replicated across similar processes and businesses

» The Treasure Hunt process can be replcated and repeated (through
this training)

ENERGY

A-9

Treasure hunt facilitation

How to select processes, plants, deparments for treasure hunts
Use of diagnostic tools and technigues
The importance of Team makeup — processes and people

= Prioritizing energy-saving opportunities

= Replication scross facilities, departments, business units

= Preparstion of fressure hunt outcome formanagement

Sk

ENERGY

Some Stats on Energy Treasure Hunts

ENERGY




= 90% of opportunities identified have = 1-year paybacks
Identified Opportunity
$32,000,000.00
52 500,000.00
52,000,000.00
$1,600,000.00
$1,000,000.00
$500,00000 —
H0.00

B3N
m 2N
[ RN

Implernentation Cost Payhack

Energy Treasure Hunt opportunities tend to be small, but
economically competifive (shorter payback)
FJ

e ENERGY

Results from the Field

" Average Savings 8%
% Energy ¢
Sawings ‘ ‘ ‘

Py = 7 Plard 3 Pl Plard B Pand B Foni? Piard B Bl B Pisd 15 Pl 71 Plarsd 13 Pld T Pliasd 18
Plants

“Ttws el nigssenta tha % ey adwings anskosd ol 14 s b bl reants rus &l Al

The ENERGY

Flant Energy Use

Energy (MMEw)

» Blocwictyn Gism u

(1 ENERGY
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Opportunity Identified V5 Savings Captured

Mariiunt -

Captare - I

_l L Il_ I”d:

P e 9 e P P Pl P i Pl Plard Pad 19 9 i Pl P Pl P sl 9 Pl Pl Pk P
3 i os O TR PR moa a1 om

55% of ideas generated are implemented
= ENERGY

Facility Information

e ENERGY

Flant Energy Spend

2014 Annual

Infbrmation
AT
’10 p\DQ?REE?é?Egv Rates

Energy Spend

i TVON e Pl ecricy 0,05/
Y ?Foﬂ?ﬁcm - Nara G S3gBAETY
M w S
\NFEE‘G o ot 5 'N'E-C-
Dk L
ONP
pORUS L

8]
TD?RL: ~% ! year

e ENERGY




Energy Treasure Hunt — Guidelines

ENERGY

Weekend Demand / Fixed Usage

ﬂ A [ _
-*;*ﬁh\ ,'ﬁ-,"‘ﬁ';lﬁ\; ] 'y

\M@F\M‘hmwﬂh

FERERRARRARRRRRARNRRNRRARARRNERNY
5 E 1 EHEHN

Wilzekend
Demand

ENERGY

How do we approach a Treasure Hunt?

u%:?rﬂ?:\r Tour the
sheets for Taﬂil";:rizd
=3ch o tions
opportunity perd
ImplemaT cpeortun e
duemyg the | resser Mo
wtmire pousadsial
Gather data Identify
to  evaluate opporfunities
and quantify and interniew
oppartunifies personnel
v ENERGY
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Basic Daily Format — Energy Treasure Hunt

Eul‘ld:l'f BAM — 4FM
Inircduciione, backgeound | nfonmnation
¢+ Training on best pracl oos kdend maticn,
¢ Training on use ofdagnosic equipmen
+  Obsere e o By, generaic deas
+  Dially fip=chari notes — majoropooriniles

MO'Iﬂi'f - TAM - 5FM
Training on use of DDE solwane fooks and ko lation sheets
¢+ Obsena facily Under opessan
+  Investigaie ideas, gather informadion
+  denilfy and complete iop 2detal shesls
+  Compilste presentaion slides for top 2 defalichesic

Tusday — TAKM — 4P
¢+ Finalzamesdes all delall sheels
+  Findings summary
¢ Dy nun Through presentadon / Tormat
+  Fresent o manageme i

Suncwy ix fypicaly » nen.produetion day for many Asiita. Tea Snargy Trawsos Hent
QN (v sdjurfed apcropdetsly for piett boafing dre wand
g

ENERGY

Determine Focus Areas / Teams

(Target 3 teams of 5 participants)

Y

Examples of t=am fiocus areas. Select focus aress based on your facifty.

ENERGY

Observing the Idle Facility

 Most important day for generating ideas
» Rarely is production activity 24 hrs/ 7 days a week
» Take note of maintenance downtime [ shift changes / off shifis

» Use your eyes and ears to find wasted energy!

ENERGY




Fixed vs. Variable Energy Usage

ENERGY Ereny
MINBAZATICN !

olme
1) Control operating times
2) Automate shutdowns
3) Control temperature set points
4) Just in time operations
Rhne ENERGY

Typical Treasure Hunt opportunities — Steam

= General steam leaks
= Broken Steam Traps
» Condensate leaks

= Bailer Tune up

= Poor or missing insulation

= Building heat with poor conirol

Rk ENERGY

Typical Treasure Hunt opportunities - Exhaust

Exhaust systems frequentty operate regardless of
production requirements. Implement shut down procedures
or automate shut down based on production processes.
= [Fume hoods
+ Serubbers

= [Dust collectors

» Extraction systems

= GChip collectors

Rk ENERGY
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Typical Treasure Hunt opportunities — Lighting

= Tum off excess lighting where possible. During a treasure hunt,

experiment by turning off ights and then measuring the available
lumens.

At infrequently occupied areas, Implement shut down procedures
or instzll occupancy sensors.

Identify unnecessary lighting. Robots do not need light to work.

Retrofit ighting with more efficient technology.

LED can sawve more on maintenance than energy in some
applications.

v ENERGY

Typical Treasure Hu

Compressed Air
» Cperate at the lowest pracical pressure set point

* Replace pneumatic ensengy with electrical snemy
where pracfical

Euwsluate high efficiency nozzles

Bliminate inappropriate end use applications
* Optimize comtrol strateqy

» Parform a leaksursy

* |nstal solenoid vahves on open biowing

* Mo loss condensatedrains

e ENERGY

Typical Treasure Hunt opportun
Heating

Combustion tuning

Combustion efficiency — burner
upgrades, recuperators

FPoor furnace insulation

Furnace shut downs / non-
production management
» Termpersture set points
» Recrculation fans / blovers
* Minimize mmp up fme
» Excessive soak fime

v ENERGY




HVAC

= Cooling Towers

= Match iower capaciy wiih process requiremenis
* Liss eothwe ool ing may b neseded during night,
colder seasons, and non- producion

= Chasok for throtthed pumps / opporuniies for WVFD

= HVAC / Makeup Air / Comfort Cooling

= Use prograsnmabds thermostals o opimize cocling
Schedule
= Piitculiety i ros-2T anii s hoo ofkces, minhouses,
sl producion s

Challandgs bEmpembune Sel poinks

Less makeup air may be needed during mons
production, H possible, shul down @ few unis

Typical Treasure Hunt opportunities — Cooling /

S ENERGY

Documentation using Opportunity Sheet

Typical Treasure Hunt opportunities — Process

Equipment
* Ensure suxiliary ensrgy is minimized during non-production

= Ehut doem lubrioation pumps. valve off compressed ain, consoles, Ighling
panes

* Producfion cells should have a shut-down procedurs dunng idle time

* [f the process is not a bottleneck in plant production, consider batch
procassing and avoid constant idle fime waiting for product

» Optimize throughput

= pars washers

cocding fables ) dans
iz heatars

Extrusion machinss

Sk ENERGY

Important instructions for opportunity sheets

* An opportunity detail sheet is a tool that helps crganize and
document information about identified opportunities

» Each opportunity should have an individual “opportunity shest”

Information captured

+ Description P — —
* |mplementation costs e e |t i S,
' Energy Saved —— for ————
» Cost Savings
* Payback Metrics 4 e

e ENERGY

Useful Resources
SR ENERGY
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Each team leader will be given a flash drive with a copy of a
blank master opportunity sheet that is “read only®

For each opportunity open up the master opportunity sheet and
“save as” the title of the opportunity.

Thene wil be a separaie opportunity sheet dor each opporfunity your leam
il

User inputs on the opporfunity sheet are marked by green cells—
do not modify non-user imput cells, this can break the macros
embedded in the spreadshest or modify important formulas

= “fou may append new blank worksheets or “tabs" in a detail shest
if vou wish to do off sheet calculations or document further
information

Sk ENERGY

Useful Resources

The following resources are made available to help
participants with each step of the treasure hunt process
* Energy Calculators f—
+ Tafind "Enermy Saved” for cportnby faity
epportunity shest n::o::nd:‘nn ::fa-"\x&
i1
» Tohelp identify opportunity ’
Sather duta cnperuntes
. . . and guanify and irsniew
= Diagnostic Equipment coposnBes _ parsonng
* Tohelp collect acourate dats
Sk ENERGY




Energy Calculators

» To quantify the energy savings associated with an identified opportunity
= The results from the caleulator are used to populate the opportunity shests.

Twmo types of Enargy Efficiency Calculators are availabls
I Treasure Hunt Caleulators

Toesimabe ihe savings assccialed with Bypical cperational opporiuniies, e.g
Scheduing the equipment, reducing the load on fhe equipment efc

I Opportunity Specific Calculators
vl lait b for somae commaon oppo tunities et can't be easly guanified using Bhe
fireasure hunt cakzulalor &.4. Insulsiion, Bghting repdace mant gic

Parficipants can use their own method or tool fo quantify savings, however,
the result of the calculation and description sfill needs to be captured in the
standard opportunity sheet provided.

QR

ENERGY

Energy Calculators - Suite

The folliowing calculstors are available a5 part of the tookit and DOE is
continuoushy working to improve the portfolio of calculstors avalable.

Compressed

MF
- -;-l Tf e - “?‘ 'r1:::]

ENERGY

Handouts

System specific handout sheets are provided by DOE to help
participants identify and quantify energy savings opportunities.

Three sets of handouts for each system type is availsble;
= System Checklist
= Data Collection Sheet
= Systemn Cheat Sheet

The handouts are not meant to be all encompassing

Participants should only use the handouts as a tool fo get
started and not solely rely onit

ENERGY
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Treasure Hunt Calculators

Each energy source (and wabsr) has its
iy idua| Treasure Hunk Caloulabor

Al the ireasure hund calculadars have
NS COMTAN Shegs

= Step 1: Determining operational
Hme amch year

Siep 2: Defermine the rale of
ENENY LS

Sien 3: Daebermi ning oorsurmspdion.

That caloulaicrs provide differend ways i
oaioulade “raie of enemy use” depending
an thi enamy source

Thae calculalors ans designed for ease of
use

Emergy Treacwrs Hunt Caloulator— Eleairioliy

[

ENERGY

Data Gathering Tools

= DOE provides energy diagnostic equipment and
teaches the participants how to usethem

* Helps paricipants evaluate equipment

performance and quantify energy performance
improvement more accurately

gaf <= Y

ENERGY

Handout 1 — System Checklist

(Chechiist {things to look for sheet) help idenfify common opportunities

= The handout provides a list
of best practices

» Typical system schematic is
provided wherever applicable

Alist of “things to check” is
provided by system ar=a

okt s s b
+ Carpriseed ar sk
&

* Lghing and
+ Procsid Equpnent =

ENERGY




Handout 2 — Data Collection Sheets

Db Coleaticn Bheet meip colleot the right asta fo quantsty ocmmon opportunitisc

Bette
;:Iﬂant;

[ divipmn EaC i

ENERGY

1. Walkthrough the facility and observe operations

1. Identify opportunities

Leverage available
Resources

lll. Collect relevant data
IV. Quantify Savings

. Create Opportunity Sheet

ENERGY

Gather your
teammates

and head out!

F
-

Fnts

ENERGY
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Handout 3 — System Cheat Sheets

‘Theat Ehast help fo quiokly ecimate cawings assoolated with commaon apportunities

+ Cheat Shests provide
common Fule af Thumb™
for a system

+  Provide typical system
performance information

*  Help participants esfimate
with

opportunities

ENERGY

Y fe
S

good NS :-- o/ rbopl3!

answe !

ENERGY




APPENDIX E. CHECKLISTS

Better

Plants’

Lighting System Check List

LS, DEFARTMENT OF EMERGY

Best Practices

1.} Use motion sensors in seldom used area.
2.} Turn off fixtures that are blocked by obstructions
3.) Turn off/dim lights near windows/ skylights.

4.) Use photo sensors for outdoor lighting

5.) Determine required light leveland de-lamp

Energy Treasure Hunt

6.) Clean dirty and yellowed lenses

7.) Lower lights beneath scaffolding

8.) Add reflectors to fluorescentlights

9.) Look at LED replacement options

10) Add task lighting over critical areas
and decrease general area lighting,

System Things to Check Comments
» Dpportunities with lighting levels/quality. * Possibility for de-lamping/dimming.
*|ES has recommendations by area.
* Add task lighting over critical areas and decrease general area
lighting.
Indoor Areas —
Lighting + Opportunities with lighting replacement. | s |pncandescent =+ LED/CFL, 2. g. Exitsigns
* Metal Halide =* LED; T12 —* T8sfluorescents
+ Opportunities with burnt out lamps + Remove /Replace
+ Opportunity with areas that are + Candidate for motion/occupancy sensors
infreguently occupied
Indoor Areas -
Cantrols * Opportunity with areas that have + Candidate for timed switches.
scheduled ocoupancy
+ Opportunity with areas that have
amhbient lights * Are lights ON near the windows/skylight? = Photocells
Qutdoaors + Opportunities with lighting replacement. # LED in place of HID lamps.

+ Opportunities with lighting controls.

+ Photocell can be used to make the cutdoor lights turn ON anly
when there is no sunlight.

Learn more at
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gleétrt‘%;a) Pumps and Fan System Check List

U.S. DEPARTMENT OF ENERGY
Energy Treasure Hunt

Best Practices
1.) Turn off motors when not in use 6.) Use low head-loss fitting
2.) Size themotors correctly 7.) Reduce pipe/duct length and turns
3.) Use energyefficient motors 8.) Reduce entrance/exit head loss
4.) Use cogged V belts or synchronous belt drives 9.) Install variable speed drive (VSD)
5.) Trim impellers or use a VSD instead of using bypass or 10.) In intermittent operations, run motor
valves throttling (in cases of excess flow/oversized pumps}) slower and longer

C}

Tark, Liquid Supply

gov/better-plants ENERGY

]

5
—

]

1

1

L

Learn more at betterbuildingssolutioncenter.energy
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System Things to Check Comments

+ Opportunity with motor sizing + Oversized motors CONSUME More ensrgy
+ Look into resizing the motor or apply variable speed control

* Jpportunity with motor efficiency * Are NEMA premium efficiency motors used?
+ Are the motors the right type for the application, e.g. totally
enclosed vs. partially enclosed?

i 7

« Opportunity with mator control * |5 tht_a equipment controlled for flow or pressure? Any
throttling?
+ |5 there more flow than reguired to meet system
requirements? =+ Higher flow reguires more energy

Pumps and * Opportunity with scheduling + Can the fan/blower be turned off or down during low
Fans production times?

+ Can fan/pump be cycled with production throughput?

+ Opportunity with degraded motors + Are the motors worn out/eroded? = degraded equipment
performance
+ Are pumps being run dead headed?

+ Opportunity with optimizing pump flow
* Suction problems — inadequate suction head, poor geometry,
obstructions
+ Are there opportunities to reduce head?
* |5 re-circulation used instead of pump control?

+ Dpportunity with leaks + |[dentify and fix air and water leaks

+ Are redundant units being run? + Shut them down

System + Opportunity with optimizing duct/pipe + Are there any unneeded flow paths? = More work neaded

sizing/flow paths

1o overcome friction losses

+ |5 there sufficient distance between fan and the first elbow
tee? Fans need piping to be 3 x diameter of the fan blade
before the first elbow tee to avoid system effect.

Learn more at
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Better
Plants’

U.S. DEPARTMENT OF ENERGY

Best Practices

Process Heating Check List

Energy Treasure Hunt

1.) Optimize oxygen level in flue (exhaust) gases or optimize combustion burner air-fuel ratio

2.) Reduce/eliminate openings and air leakage in the furnace
3.) Furnace scheduling, loading, shut down - avoiding delays, waits, cooling between operations, etc.
4.) Clean heat transfer surfaces - radiant tubes, heat exchangers, heater tubes, electrical heating elements

5.) Use of flue or exhaust gas heat for combustion air preheating or waste heat recycling

Heat Losses

11 b 3 ] i 4 B
Enabling Technologies
Sensor and Advanced Auxiary
Process Controls Materials Systems
Flue losses
Wallloss
; / Radiation loss
' 3
GIMOSS' Net ¢
input fuel  Available Useful output
input heat (heat to load)
L S |
Cooling water loss
and/or conveyor
Learn more at betterbuildingssolutioncenter.energy gov/better-plants ENERGY
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Component Things to Check Comments
» Combustion air leakage » Does the combustion air leak downstream of control valve?
« Dpportunities with Fuel/&ir ratio | = Linkage condition can lead to poor control of the fuel/air
mixture over the range of operating conditions.
Heat Generation

= Excess oxygen in the furnace exhaust gases indicatas
unwanted excessive air

s Flame un-stability indicates improper fuel/air control

Heat Containment

+ Reduce Heat Losses

+Dpportunities with insulation

+Dpportunities with Waste Heat
FECOvEry

= Higher than necessary operating temperature leads to
increased losses

+ Reduce/eliminate openings and air leakage in the furnace

« Clean heat transfer surfaces

= [nsulate associated piping to avoid sagging and distortion.

« |5 the furnace properly insulated? Any cracks/hales?

«What is the temperature of the exhaust?

«Can the heat from the exhaust be recoverad and used?

Enabling Technology

« Dpportunities with furnace
operation/scheduling

* Dpportunities with material
handling

= |5 there frequent and avoidable furnace starts and stops?
= Are there long periods of idle time between batchas?

= Are there extended periods of low-capacity
furnace operation?

= |5 batch production possible?

= Can the conveyors be stopped during non-production?

« Can the weight of the fixtures be reduced/alternate
fixtures remowved?

«What is the temperature of the components going out?

=Can heat be recoverad from the components?

For mare info — Improving Process Heating System Performance — A Sourcebook for Industry, 3™ Edition.

Learn more at
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Better
Plants’

Chilled Water System Check List

U.S. DEPARTMENT OF ENERGY

Best Practices
1.) Use cooling towers in place of chillers when possible
2.) Stage chillers to optimize part-load efficiency
3.) Optimize temperature set points forenergy savings
4.) Reduce end use loads/Inappropriate uses

5.) Add insulation to cold surfaces e.g. chilled water pipe

Energy Treasure Hunt

6.) Employ Floating Head Pressure Control
7.) Improve heat exchanger effectiveness
8.) Stage operation of cooling tower fan

9.) Employ variable-speed pumping

10.) Install VFDs on Cooling Tower Fans

Cooling
Tower
Condenser
Water Pump
NAAAAS Cooling
NAANAANAAN o .
NANAS Tower Circuit
Compressor
8 N
Chiller
[’4
Condenser
Evaporator
Chiller
Water : .
Circuit Cooling Coil To Plant
! Floor

Chiller Water

Pump

Courtesy www.energy-models.com

Learn more at betterbuildingssolutioncenter.energy gov/better-plants

A-21
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System Things to Check Comments

+ Opportunities with chiller sequencing + Load management to optimize chiller efficiency.
+ Stage chillers to optimize part-load efficiency
+ Turn off chilled water on weekends.

Chiller + Opportunities with set points + Can the chilled water set point be increased?

+ Can the Condenser water set point be decreased?

+ Dpportunities to bypass chiller with cooling | * Economizer to produce chilled water when gutside air is cool

tower/Opportunities with free cooling enough

+ Opportunities with Tower operation + Use cooling towers in place of chillers when possible
+ |nstall Controls to Stage Cooling Tower Fans On/OfF
+ |nstall VFDs on Cooling Tower Fans

Cooling + Opportunities with Tower Make-up Water + Make-Up = Evaporation + Blowdown + Drift
Tower + Decrease blow down of cooling towers

+ Conductivity controller to automatically control blowdown
+ Water treatment opportunities
+ Opportunities with evaporation

+ Opportunities with pumping + Sequence pumps using appropriate controls

+ |nterfacing chilled water use to production + Turn off when no parts are present

Distribution
T EUITER + Reduce end use loads * Reduce set points during non-production hours

+ Add heat exchangers between heated and cooled processes

+ Opportunities with insulation + Add or repair mechanical insulation

+ |nappropriate uses of chilled water + |5 chilled water recirculated when it could be shut off?

Learn more at
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gleatrt‘$;® Compressed Air System Check List

U.S. DEPARTMENT OF ENERGY
Energy Treasure Hunt

Best Practices
1.) FixAirLeaks 6.) Remove Inappropriate Uses
2.) Reduce CompressorDischarge Pressure 7.) Install sufficient Storage & stabilize system
3.) Restrict compressed air flowon weekends 8.) Use VFD machine for trimming
4.) Automate compressor shut off when not needed 9.) Use no loss condensate drain
5.) Switch pneumatic toolsto electronic 10) Reduce Blow-off in centrifugal compressor
mechanical tools

Components of a Typical Industrial Compressed Air System.

Learn more at betterbuildingssolutioncenter.energy. gov/better-plants ENERGY
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System Things to Check Comments
+ Opportunities with comprassor controls + Turned off/down compressor during weekendbetween shifts?
+ Automatic turnoff based on timer
+ Use control scheme optimized for given load
Compressor + Dpportunities with optimizing +Pressure drop across the filters/dryer acceptable? Typical 3-5 PSI
Room CETETERE T TR P TR + Minimize pressure drop & reduce compressor discharge
pressure leads to energy savings
+ What is the system pressure and what is the required pressure
at end use?
+ Energy decreases by 1% for every 2-3 P53l discharge pressure
decrease
* Heat recovery Opportunities L
+ BD% of compressor energy is dissipated as heat.
+ Can we use this for space heating or process heating needs?
i 7
+ Opportunities with compressor +|s the VFD used on the trim compressor?
sequencing (multi compressor system) +Programmahble Logic Control (PLC}-based multi-compressor
controls can be used to sequence based on given load.
+ Compressed air storage * Does the system have the necessary air storage?
+ Opportunity for no loss condensate drain | + Zero loss drain separate condensate{water) without air loss
Compressed
Alr System * Air leaks + |5 there a program to fix leaks?
* |nterfacing air use to process line + Turn off when no parts are present
+ Opportunities with how compressed air +5olenoid valves can shut off unnecessary air
End Use e +Are there any unregulated end uses that could benefit from
vortex nozzles or FRLs?
+ Are there any inappropriate uses of compressed air?
Example: Personnel cooling, using air to move parts, open
blowing, cabinet cooling, padding, mixing, agitation.

Learn more at
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ggtﬁfg; Steam System Check List

U.S. DEPARTMENT OF ENERGY

Energy Treasure Hunt

Best Practices
1.) Reduce Steam demand and pressure 6.) Preheat boiler feed water
2.) OptimizeFuel/Air Ratio 7.) Install automated blowdown controls
3.) FixSteam Traps 8.) Optimize deaerator vent rate
4.) Insulate Pipesand Tanks 9.) Adjust steam system based on production
5.) Recover condensate/flash steam and 10) Identify and close off dead legs (unused to
capture water & heat sections of steam header)
= —— - - - ——-- > Distthution -« = = =~ =~ c mc e s e n s e -~ 2
: Forced Draft Fan :
@ STEAM SYSTEM ’
| N HEADER Pressure Reducing |
| 4 | Valve or Back |
| Combustion Air Pressure Turbine |
! Boiler Exhaust Gases L1 !
| f |
Combustion |
| Alr Preheater {]] HHD |
| - ! Process Y
| ® Heater
| Economizer A _++ﬁ_+_1 3 End
, ' : Use
Process
! Heater
| - |
' ® |
Generation ( d !
Condensate |
A L OoFe | Feed | 11 Receiver |
’ Water £ | Tankand
\ \ e Deaerator CONDENSATE Od mmp
| N— > PIPING
‘ ! il / ;
| i ] |
b i e = ROy € — =~ -~ — === = 4
& Steam Trap
Steam System Schematic ® Sensors
Learn more at betterbuildingssolutioncenter.energy. gov/better-plants E N ERGY
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System

Things to Check

Comments

Individual Boilers

+ Opportunity with Boiler efficiency

+ Opportunity with Blowdown

+ Opportunity with scheduling

+ Are the boilers operating efficiently? When was the last time
boiler tune-up was doner?

{boiler tune up should include minimizing excess air, cleaning
boiler heat transfer surfaces, and improving fuel/air ratio
control)

+ Automated blowdown results in lesser water wastage

* |mproving feed water treatment can also avoid excessive
blowdown

+ |5 heat recovery from boiler blowdown possible?

» Can boiler be turned off on weekends?

+ Can we resset pressure back during weekends/non-production?

Boiler System

+ Opportunities with system
optimization

* Automated stack dampers

+ Combustion air temperature

+ Feed water temperature

+ Can we sequence the boilers so that the boiler operatesin
higher load? Boilers on high fire operate more efficiently

+ Stack dampers reduce losses

+ Hotter the combustion air, lesser work on boiler
Possible to direct warmest air to combustion intake?

+ Hotter the feed water, lesser the work on boiler
+ Can the feed water be pre-heated from blowdown or exhaust?

Distribution System

+ Opportunity with header pressure
+ Opportunity with dead legs
*RRecover steam for low-pressure

applications

+ Steam leaks

+ Un-insulated lines/ Tanks

+ Steam Trap Failure

+ Can boiler header pressure be reduced?

*Closing off dead legs can reduce the amount of steam needed

#Install back-pressure turbines instead of Pressure reducing
valves [FRVs)

+ Steam Leaks, un-insulated steam lines/condensate
lines/flash tanks; all result in energy being lost.

+ Failed open traps have significant energy losses.

Learn more at
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Better

Plants’

Process Equipment Check List

.5, DEPARTMENT OF ENERGY

Best Practices

Energy Treasure Hunt

1.) Slow the process equipment during low production

2.) Switch off auxiliary process equipment during idle time

3.) Eliminate inappropriate uses of compressed air in machine lines

4.) Optimize control set points

5.) Waste Heat recovery

Any recommended changes to production must involve discussion and agreement with production leaders

System Things to Check Comments
* Opportunities with scheduling the + Can the equipment be turned off during breaks?
production line during non-production + |5 the equipment turned off right after the end of the shiftr?
Can the warm up time be reduced?
+ Opportunities during periods of low load,/ + Can the equipment be slowed down when production is
idle time lowy?
+ |5 batch production possible?
+ Opportunity with set points. + |5 it possible to change the min/max set point requirements
Production (Temperature/ pressure etc.) 10 save energy’?
Line - General
+ Waste Heat Recovery opportunities + |5 there wasted energy that can be recoverad or reused?
+ Opportunities with system optimization + What is the overall system requirement? Operate 2 pieces of
equipment at B0% instead of 1 at 40%7
+ Are there any gaps in the production line that can be
shortened/eliminated (where a product can lose heat)
+ Opportunities with auxiliary eguipment « fire exhaust systems/steam supply/water supply inter-
control locked with production as opposed to running continuously
Production + Opportunities with auxiliary eguipment = Can pumps, agitators, etc. be pulsed rather than run full
) . scheduling time? Throttling of fluid flow?
Line —Auxiliary
Equipment « Heaters left on during idle time

+ Compressed air inappropriate usein
production

«E.g. Compressed air used to move parts/personnel cooling

Learn more at
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APPENDIX F. DATA COLLECTION SHEETS

M Better

Lighting System - Data Collection Sheet

@ Plants

Energy Treasure Hunt

Measure

Data to Collect

Data

How to Collect

Common System Data

Average hours of office Lighting

Froem Schadule if automated/Interviaw

Average hours of flaor Lighting

From Schedule if automated/Interview

Average Lumens level in Office Spaces

From light meter

Average Lumens level in manufacturing floor

Fram light meter

Existing Control Strategy in Offices

Interview with plant personnel

Existing Contral strategy on the Floor

Interview with plant personnel

Daylighting potentizl, e.g. windows, skylights

Interview with plant personnel

Lighting Replacements 1
(Location -

Existing type of lights

Fixture label/see Cheat Sheet

Mumbar of Fixture

Physical counting/Frem lighting plans

Wwattage of Fixture [including ballast)

Fixture label/Reference table anline

Hours of Operation

From Schedule if automated/Interview

Wattage of Proposed fixture

specification sheets - Availzble Online

Turn Off Lights
[Location -

Existing Type of lights

Fixture label/5ee Cheat Sheet

Mumber of Fixture to be turnad off

Fhysical Counting/From lighting plans

wattage of Fixture (including ballast)

Fixture label/Referance table online

Existing Hours of Operation

From schedule if automatad/Interview

Proposed Howrs of Operation

specification Shests - available Onling

De-lamp Lights

Existing Type of lights

Fixture label/see Cheat Sheat

Mumbar of Fixtures

ehysical Counting/From lighting plans

Mumber of lamps per fixture

Physical Counting

Mumber of lamps to be de-lamped per fixture

Based on the amount of excess lighting levels

(Location -
Existing wattage of Fixture (including ballast) Fixture label Reference table online
wattage of Fixture (including ballast) upon de-lamping calculats from percent de-lamped
Existing Hours of Operation Interview with plant personnel
Existing Type of lights Fixture label/See Cheat Sheet
Mumber of Fixture to be on S=nsor Phyzical Counting/From lighting plans
Occupancy Sensors Wattage of Fixture [including ballast) Fixture label/Reference table online
(Location - Existing Hours of Cperation

From Schedule if automated/Interview

Proposed Howrs of Operation

Intzrview with plant personnel

Mumber of Occupancy sensor

Good judgement
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Better
: Plants’

Pumps/Fans System - Data Collection Sheet

Energy Treasure Hunt

Measure Data to Collect Data How to Collect
Condition of seals & impeller Visual inspection
Condition of piping (leaks, friction & cavitation) Visual inspection
Pumps - Common System Data Amount of static and dynamic head Name Plate/Interview operatars
Suction pressure & discharge pressure Pump gauges
Size of pumps relative to load
Pumping system controls Interview operators
Motor Location/System it's used in
Motor Rating Name Plate
Turn off fan/pump motor when possible | Percent Load (%) Interview the operators
1 Nameplate Efficiency Name Plate
Current operating hours per year Interview the operators
Proposed operating hours per year Determined based on proposed operations
Motor Location/System it's used in
Motor Rating Name Plate
Turn off fan/pump motor when possible | Percent Load (%) Interview the operators
2 Nameplate Efficiency Name Plate
Current operating hours per year Interview the operators
Proposed operating hours per year Determined based on proposed operations
Motor Location/System it's used in
Belt Replacement [notched belt) Motor Rating Name Plate
Nameplate Efficiency Name Plate
Current operating hours per year Interview the operators
‘ Better Chilled Water System - Data Collection Sheet
Pl '
‘ ants Energy Treasure Hunt
Measure Data to Collect Data How to Collect

How many Chillers?

How many Chillers are running?

Interview the operators

Chillers Capacity(s) HP or kw

From panel/Nameplate

Cooling Tower Size

From panel/Nameplate

Common System Data

Current Chilled Water Temperature Pressure

From temperature Gauge on chilled water side

Current Condenser Water Temperature Pressure

From temperature Gauge on condenser water side

Lowest Temperature Required at floor

Is the system closed or open loop?

Current setpoint Temperature

From temperature Gauge on chilled water side

Reduce/Setback Chilled water
Temperature

Proposed setpoint Temperature

Hours when pressure could be reduced

Determined based on proposed operations

Increase Condenser Temperature

Current setpoint Temperature

From temperature Gauge on condenser water side

Proposed setpoint Temperature

Hours when pressure could be reduced

Determined based on proposed operations

A-29

Interview operators who run equipment that use chilled water

Interview operators who run equipment that use chilled water

Determined from existing and needed temperature at end use

Determined from existing and needed temperature at end use




M Better
@ Plants’

Compressed Air System - Data Collection Sheet

Energy Treasure Hunt

Measure

Data to Collect

Data

How to Collect

Common System Data

HOW many compressors?

How many COMpressors are running?

Interview the aperators

Are the comprassors running fully loaded?

Interview the operators/from pansl

compressor(s] total connected BHP or kKW

From panel

Current System Pressure

From Pressure Gauge in Headsr line

Highest System Pressure

Intervizw the aperators

Highest Pressure Required at point of use

Interview manager/personnel who use compressad air

Mominal Comprassad air Qutput [CFR)

From panal

Air Leaks

How many leaks

Approximation based on the ones found

Diameter for the Leak

Ultrasonic Leak Detector/visual determination

Main header pressure

From nearby pressure gauge

Hours of operation of the leak

Reduce System Pressure

Current System Pressure

From Pressure Gauge in header line

Proposed system pressure

Determined from existing and needed pressure at end use

Howurs when pressure could be reduced

Determined based on proposed operations

Use Blower instead of compressed air

Location

Inagpropriste operation

open blow-off, air, motor, etc.

Main header pressure

From nearby pressure gauge

Howrs of operation of the blower

Interview manager/personnel who use compressed air

Diameter of the blower orifice

Using suitable tool/ methad

Waste heat recovery

COmpressor size

MNzme Flate

area of waste heat use

Space heating? At procass?

Average power drawn by compressor

Digital Panels on compressar, data logging, spot measurement

Average hours of operation of the compressor

Digital Panels on compresser, dsta logging, spot meaasurement

Lossless Drain

Purgs Time

Timer

Cycle Time

Timer

HMumber of Draing

Type of existing drain & performance

Interview operators

Prassure

From nearby pressure gauge

Diameter of drain erifice

Scale/zpproximation

Operating Hours

ing hours of compressor system
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M Better
4 Plants’

Steam System - Data Collection Sheet

Energy Treasure Hunt

Measure

Data to Collect

Data

How to Collect

Commeon System Data

How many boilers?

How many boilers are running?

Interview the cperators

Boiler capacity(s) (BTU or Ibs./hour) From panel
Total generaticn capacity (Ibs./hour) From panel
Average steam generation rate (Ibs./hour) From panel

Average boiler blowdown rate

Interview the operators

Current System Pressure

From pressure gauge in header line

Highest Pressure on header

Interview the operators

Highest Pressure Required at floor

Interview manager/persennel on the floor

Stack Temperature

Steam Leaks

How many leaks/defective traps

Approximation based on the ones found

Diameter of the leak

Ultrasonic Leak Detector/visual determination

Pressure on ling

From nearby pressure gauge

Hours of operation of the leak (or boiler)

Reduce System Pressure/ Pressure
Setback

Current System Pressure

From pressure gauge in header line

Proposed system pressure

Determined from existing and needed pressure at end use

Hours when pressure could be reduced

Determined based on proposed operations

Waste heat recovery

Boiler size

Name Plate

Area of waste heat use

Combustion Air? At process?

Average stack temperature

Digital panels, data logging, spot measurement

Average hours of operation of the boiler

Digital panels, data logging, spot measurement
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APPENDIX G. CH

M Better

EAT SHEETS

Lighting System — Cheat Sheet

4 Plants’

Energy Treasure Hunt

identifying Lighting Types

[l s Py S iwar
| | - - LINEAR FLUORESCENTS COMPACT FLUORESCENT COMPACT FLUORESCENT
e o P P COILS g PLUG IN LAMPS
— ~ -~ = = 1
e = = ‘1‘1-—-:’? |
E 1 | — e ety |TI |
T ] s o H v v ¥ v & ¢
PAR SERIES
fl . - mrE e
" > I — ? @" YW /| f
| — | Wl o {‘.’; 50 \./
— T ¥ ¥ = g
_ P § ; ; " P
o s e N
LED Options
P LED Fixtures — Lamp + Fixture LED Retrofits — Lamp to fitinto
#.I? i existing fixture
—, J..
L
Lighting Level Recommendations by IES
Foot- ., .
Diffices Foot-candles Assembly e Electronic Manufacturing Foot-candles
Drafting 50-200 Rough Easy seeing 25-50 Impregnating 20-50
GE“E;;’EZ"E‘E 50-100 Rough difficult seeing | 50-100 | Insulating coil windings 50-100
Conference Areas 20-70 Medium 100-200 Sheet Metal Works Foot-candles
Corridors, Stairways 20 Fine 200-500 General 100
Lobbies, lounges 0-20 Extra Fine 500-1000 Galvanized, inspection 100-200
Automobile . Foot- .
T Foot-candles Machine Shop candles Warehousing/ Storage Foot-candles
Final assembly, Medium bench, rough :
finishing 200 grinding, buffing 50-100 Inactive 510
Body assembly 100 Rough bench 20-50 Active — Rough bulky 10-20
Body manufacturing 100 Fine bench and work 200-500 Active — Medium 20
Frame assembly 50 Welding 20-50 Active — Fine 20-50
Lighting Controls Tips

Dimmers:

To provide variable indoor lighting.

Occupancy sensors:

To turn on/off lights based on activity in light levels.
Photo sensors:

To turn on/off lights based on ambient light levels.
Timers:

To turn on and off lights at specific times.

= Make use of lighting plans to get the count of lights

# De-lamping is an easy way to reduce lighting levelsand
ENErgY Use

# |ED retrofits (available are all applications) are cheaper
than LED fixtures

* Leverage sky lighting

Learn more at betterbuildingssolutioncenter.energy.

tter -plants
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Pump and Fan System — Cheat Sheet
Energy Treasure Hunt

Better
z Plants

Centrifugal Fan and Pump VFD Power Relationship

el 0';[;:::;55 VED % Power - VFD Speed to Power for Centrifugal Pumps and Fans

110% 100% 133% a0

100% 100% 103% =

90% 90% T8% E -

B0% Bl% 56% [ -

T0% T0%% 349% 2

60% 60% 26% S

50% 50% 16% 2 4o

40% 405 2% S o

30% 305 4% 7%

20% 20% 1% .

10% 10% 0% e Sweet Spot

0% 0 0% % MW FOW 30 A0W 0% E0%  70W  BOM  0OW  10OW

% Speed

VFD inverter efficiency ~ 97%

Flow oc Speed

* Avoid running VFDs fully loaded by setting maximum speed fo =90%.
Conversion Factors

Affinity
Flow o Speed? = —
Laws Flow o Speed® 11/s=15.85GPM, 11/s =212 CFM
Real ) 1psi=231ftw.g. 1 psi=27.7 inw. g.
World BePower = (W3peed)®’ 1 hp = 0.746 kW
Calculating kWh Motor Efficiency and Power Factor
Fump BHF = GFM x Head (ftw.g.) Motor Name Standard Premium Approx. Power
3960 = Efficiency Plate [(HF) Efficiency Efficiency Factar
M i71. W
Pp— =CF1f = 5P (in.w.g) 1 74 52 062
6356 % Efficiency 3 B4 a0 0.70
Brake Horsepower x 0.746 10 87 o1 0.73
kW = — 25 50 93 0.77
Mator Ef ficiency 0 o1 o4 0.0
Amp % Volt % 43 ® Power Factor 100 322 347 082
EW = 1000 250 93.3 95.2 0.B5
’ 500 94.0 85.5 0.91
1000 945 95.7 0.82
Consideration Criteria for VFD
=  High Horse power (=15 hp) Power Transmission
Coupling Type Efficien
= Long operating hours (=2000 hrs) Fre vF =} Notched Standard
_ Gear Drives 55%-08% V-Belt V-Belt
= Loads that could benefit from soft
start/shut-off capability Standard V-Belt ~92%
*  Loads with variable torque Notched V-Belt “35%
requirements Synchronous Belt ~08%
Direct Shaft Coupling 100%

Learn more at betterbuild




Better Process Heating System — Cheat Sheet

Plants’ Energy Treasure Hunt
Rules of Thumb Energy lass diogram in a fuel-based process heating system
Flu lossis
+  Air-Fuel Ratio: For most systems 2- 3% of oxygen with a 10-50
ppm combustible indicates ideal operating conditions I_
*  Preheated Combustion Air: Processes operating above o hiasd
1600°F are generally good candidates for air preheating J_// Fumnace f .
Upneaiing
x a a " Groas ﬁ
Percent Fuel Savings gained from Preheated Combustion Air -f:t fued hl-
Furnace: Exhaus! Frehealed Ar Temperaturs, F _li —I.I_\ — I_ Pty
Tamporalurs, 'F 600 800 1,000 1200 1,400 1,600 e
1.000 13 i - = = =
1,200 14 18 23 - - - mm loss
1,400 15 20 24 28 - - comnmyr
1.600 ” 2 26 30 M - Heat lost in exhaust gases (@ various exhaust gas
1,800 18 24 28 33 37 4D : cures and percen o << oir
2.000 20 26 # B 43 EMBETD £XLE
2.200 23 29 34 39 43 4T
2.400 ) 3z 38 8 a7 o,
Efficiency Reduction caused by soot deposits Fuel: Birmingham Natural Gas (1002 Btu/cu ft, 0.6 sp gr)
i T 7 AR P
So0d Liryes Thickness w1 h';d;ﬁ'/',! F00% I =
ST St ' " IIJ F1 ALy ilf: (1 47}&7:7_::&“"5'
F.
S - L Wil 7127 7 7 ot
: ; i i - HA A
Savings obtainable by tuning burner air-gas ratio e w0 nes UL D00 A
Gas 50 LU Pl Pl
HestLons S
Woflnpuy 40 /AP ot
% VAPl
20
i "
E
i 0
4 0 000 ) =]
E Exhaust Gas Temparature |'F)

]

.n.. o = Frmina e Commaonly used waste heat management systems by
L temperature range
WD

Enbunril Gas Terguvatie, ‘.F - - m
Coiction

Determine the available heat under present and desired conditions *
by reading up from the flus gas temperature to the curve
reprasenting the excess air or O; level; then, read left to the
percentage available heat (AH)

ecLpeal
(et —

% AHpesired — %0 AH goqual
¥ AH pesired

% Fuel Savings = 100 x

Potential applications of oxygen-enhanced combustion

haaling o
Industry Applications ganerator hased | & Waste haat »  Heal pumgs Wit hauanng
powes generation | bolers for sssam | s [irect contact phycoiwater
Stoel Haheat. soakeng pits, ks + Load or charge o Pl venlir " eaio heaines wﬂﬂm_l
Alaminum Kheing P ] s Cond s Direct cortact
] g and malling * “’_‘mm ) Wmm ek B mmm-c
Glass Mehrg (= saction amchangsn haat
systam} prehaating & Matalc haat axchangan
Fuip @ Paper Lire bains, biack liquor boikors . IR e
Petroleum Process heaters, ormckors W = Heal pips
Powar Production Coal-fired sseam boilers + Hemtpips eachangsr
Chemical Sulfur
Learn more at betterbuildingssolutioncenter.energy. gov/better -plants ENERGY
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Better
zPla.nts

Process Cooling System — Cheat Sheet

Rules of Thumb for Chilled Water Systems

by 3 - 5%.

increase by 2 - 3%.

1%, equating to 2.5 to 4.0 gpm per 100 tons of capacity.

Rules of Thumb for HVAC Systems

AT of 10°F = 2.4 gpm/fton; AT of 12°F = 2 gpm,/ton; AT of 16°F = 1.5gpm/ton.
On a centrifugal chiller, if the chilled water temperature is raised by 2°F to 3°F, the system efficiency can increase

Energy Treasure Hunt

On a centrifugal chiller, if condenser water temperature is decreased by 2°F to 3°F, the system efficiency can

For every 10°F of water temperature drop across the cooling tower, there is an evaporative loss of approximately

Ventilation Rate 5 CFM/person Rebuilt 55°F supply air
Fan Energy 1000-1500 CFM/hp Design 30 40{:;: reheat
Chiller Size 300-400 ft/ton 55° cold deck

Set paints for Dual Duct and 70-105° hot deck—
Ton 12,000 BTUjton distribution Multizone design with ODA Reset
system Schedule
Chilled Water 2.4 GPM/ton (10°F rise) 55°F cooling
Condenser Water 3 GPM/ton [10°F rise) VAV 10%% box leakage flow
People Load 450 BTU/person/hr 4D—509ir;ri|:]nr:1r2um fan
\ 0.5-1.5 ACH without buildi . . e,
Infiltration pressﬁ;iﬁ':ﬁm uiiding Typical Chiller Efficiencies in kW/ton
Owerall Building —0.15 to 0.5 . ASHRAE Standard
Heat Transmission BTU/ft/F Chiller Type 90.1 Minimum Good Best
Through Envelope See ASHRAE Handbook of Air- Cooled 1.26 121 1.13
Fundamentals for accurate
heat loads by envelope types |  Water - Cooled 0.72 0.65 0.45
Quick Calculations and Conversions O m IR iR
EER = COP x 3.412 “ \
kW/Ton =12/EER = N
28 P ]
EW/Ton=12/(COP = 3.412 s
JI.r lllll[ } 15 “\\ r;'h ")
lpsi=231ftw g N J —
i T ——
11/s=15.85 GFM _ 10 N T i e
N 8 —d 1
11/s=2.12 CFM E™ \\ —= ) g 7
Q(Btu/hr) = 500 % GPM x AT (Chilled Water) B x% //
(Btu/hr) = 108 x CFM x AT (Air Sensible Heat all \\\%*—x__ A2 / :
“"\.._\_\_\_\—‘-\—._ =t b Fypical
gr o NN S S = A 2
Q(Btu/hr) =0.69 x CFM x A (57 (Air Latent Heat) %3‘; o v e |
58 = = P
r'/ e e
QUBtufhr) = 4.5 x CFM x Ah (Air Total Heat) - = '-{;:::’7"
Ton (Cooling Tower) = 15 MEH = 15,000 BTU/h N il
0% 0% L 50% GO TO% B0 80% 100%
Parcent of Losd

Learn more at betterbuildingssolutioncenter.energy.gov)

better -plants
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Better Compressed Air System — Cheat Sheet
Pla nts’ Energy Treasure Hunt
Rules of Thumb

® | owering CoOmpressor pressure
settings by 2 PSIG results ina 1%
savings

®  |owering comprassor inlet air
temperature by 10°F results ina 2%

savings
®  B0% of the electric energy going
into compressors is lost as heat Positive displacement Positive displacemeant Dynamic compression
Efficiency Index — kW/CFM 5”-':}?;?;?5“ Better turn down Good for full load
®  Compressor data sheet (CAGI) aperations characteristics operations
provides kW/CFM at the rated Typically used in Small — midsized Large applications
capacity and the full load pressure smaller applications applications <500 HP »500 HP
®  Logging the i
Eimg ENETEY consumption Typical Contraols — Typical Controls — Load, Butterfly Valves, Inlet Guide
by the compressor On/Off Unload, Modulating, VSD Vanes
Air Leaks (CFM)
Pressure Orifice Diameter (inches)
lpsig) 1/64 1/32 1/16 1/8 1/4 3/8
70 0.29 116 4566 18.62 744 157.8
B0 0.32 126 5.24 2076 B3l 1B7.2
90 0.36 145 572 231 a2 206.6
100 0.40 1.55 5.31 25.22 100.9 227
125 0.48 154 7.66 30.65 1232 2755

*For well-rounded orifices, values should be multiplied by 0.97 and by 0.61 for sharp ones
**Cost savings = # of leaks x leakage rate (cfim) = kW/cfm = # of hours »x $/kWh

Power drawn @ Part Load Tvpical Losses

Deliverad Compressed Air is only 15%

- Inappropriate Uses Alternatives
% 0% A 60% BO% 100r% Clean up, drying, Process cooling Lowe pressure blowers, electric fans brooms
% Power Sparging Blowers and mixers
-=Variable speed Drive (unloading) Aspirating, stomizing Low pressure blower
=Load/ Unload (1 gal/cim} Vacuum generator Dedicated Vacuum pump
~=Load/ Unload (10 gal/cfm] Air operated diagram pumps Electric pump with proper regulator
—=Inlet Walue Modulation [without blowdown) Air motor Electric motor
Idle eguipment Air stop valve at the inlet
Abandoned equipment Disconnect air supply
Learn more at betterbuildingssolutioncenter.energy. gov/better -plants ENERGY
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M Better
@ Plants’

Steam System — Cheat Sheet
Energy Treasure Hunt

Rules of Thumb

Average efficiency of a steam boiler is 80%.

10 PSl drop in header pressure is 13 energy reduction
Every 10.7°F rise in boiler feedwater temperature yields ~1% steam energy savings
Unmaintained steam system - 15% to 30% of traps failed

Ideal, maintained steam system - 5% of traps failed

Improve Boiler Combustion Efficiency Calculating Steam Cost
Combustion Efficiency Energy reguired to produce one pound of saturated steam, BTU
Excess (%) Flue gas temp. minus combustion gir
0 . Feed water Temperature, F
temp (F) Operating Pressure (psig) i -
Air | Oxygen | 200 300 400 500 00 50 100 150 200 | 250
a5 2.0 554 | 831 80.8 784 | 780 150 1178 | 1128 | 1078 | 1028 | 377
15.0 3.0 852 | 828 | B4 779 | 754 450 1187 | 1137 | 1087 | 1037 | 986
281 50 847 | 821 795 767 | 740 600 1184 | 1134 | 1084 | 1034 | 954
449 70 | 841 | 812 | 7E2a2 | 752 | 721 $/MMBTU % 1000 lbs » Beu/lb
571000 [bs of steam =
816 | 100 | 828 | 793 | 756 | 719 | saz Combustian Ef ficiency x 1076
Insulate Steam and Condensate Lines Heating Value of Fuels
Heat Loss per 100 feet of Uninsulated steam, line, T Units LHV HHV
MMBTU/yr
Line Steam Pressure (psig) Natural Gas Bru/CF G83 1,089
‘;E"} i5 150 | 300 600 Residual Oil Bru/Gal 140,353 150,110
1 140 285 375 485 LPG Bru/Gal 24 950 91,410
2 235 450 &30 B840 LNG Bru/CF 74,720 B4 B2D
4 415 850 | 1120 1500 Coal - Bituminous Btu/lbs 11,230 11,723
8 740 1540 | 2030 2725 Higher Heating Value (HHV): Total energy from combustion process
Lower Heating Value [LHY): Assumes eat of condensation cannot be
12 1055 | 2200 | 2510 3920
recoversd
Return Condensate to Boiler Losses with steam Trap Failure
Trap Orifi Steam Loss, Ib/hr
25 Di:l'l;t:r ['I::} 15 100 150 300
) psig | psig psig | psig
o & 204
S s 1/32 0.85 | 3.3 4.8 -
2205
£ é 1/16 3.4 13.2 189 36.2
E = 10 <
‘é “E 1/8 13.7 52.8 75.8 145
TE g
) 3/16 307 115 170 326
25 150 1S 200 225 250 275 300 325 350 1/a 547 | 211 | 303 | 579
Condensate Tﬂmppratum_ “F 3;3 123 4-?5 532 1 303

Conversion Factors

Steam Trap Failure

1 boiler hp = 33,475 Bru/hr

Obvious Signs Less Obvious Signs

1 boiler hp = 9.8 kW .

1 Ibfhr steam (300 psi, staturated) = 1,202 Beu/hr .

1 galwater = 8351k .
1psi =689 kPa

Steam flashing ¢ Higher than necessary pressure
Water Hammer | # Excessive condensate & chemical losses
Pump cavitation | # Condensate water too hot

® Boilers running continuously

Learn

A SEPARTWENT GF

more at betterbuildingssolutioncenter. energy. gov/better -plants EH ERGY
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Pump system Info Card

1. Shut down pumps when not needed by
manufacturing processes

2. Operate the minimum number of pumps that
systems require
. Use VFD instead of throttle valve for flow control
. Trim or change pump impellers on oversized pumps
. Reduce pipe and valve pressure losses
Re-tune pumping system when manufacturing process
requirements change
Restore internal housing clearance

Replace worn throat bushings, wear rings, impellers, and
pump bowls

9. Install new properly sired/selected pumps

10. Replace standard efficiency motors with NEMA
premium motors

A B wm o & I

— ) °

=T

B~

Electrical  Controller Motor Couplng Pump Load
5 Loxses Lo, Lomses [ g Modulation
Liosses <% 5% <15%to <% Losses Losses
<1% to5% (forvarable »10% =10% <3% fuabves, etc)
speed drive) =TI 96 o =509
“Cowrfesy of Bhaskaran Gopalsinishnon

Pump Brake Horse Power Formula

3960 = Pump efficiency

Pump Affinity Laws

0 _ N H (W) P (W)
o N Hi N Py [N

0 =Pump flow M= Pump speed P = Pump power
rate H = Pump head

Rules of Thumb

1. Annual motor operation cost: $300/hp*
2. Decreasing pump flow rate by 50% can reduce pump
power by 88%

* Baced on 5 contskiWh, 33% efficiency, 3 chifts, 7 days a woek openation, rwo weeks off
downiime.

betterbuildingssolutioncenter.energy.gov
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Pump System /nfo Card

1 ftw.c. =043 psi; 1 GPM = 0.00144 MGD; 1 hp =0.746 kW

Annual Water Pumping Cost for 1,000 Feet of Plpe
2500
Zin 4in &in Bin 10in
_ 2000 ! f i / /
E ol /
: | /
= | ri
£ 10007
UV L
|
50K) f. —
-
[} / _,-_.-"'-,-:_,_,-o-f-’f-/

o 300 600 900 1.200 15040 1,800
Rate of Flow (gpm)

*Based on 100D ft. for diean iron and steel pipes (schedwke 403 for prmping JO°F waler.
Eectracity rate of 105 &% Wh ead B.760 aperating hours amaually. Combined prmp and
motor efficiency of 70%.

Pump Curve Sensitivity for Pump Reliability

0.92en

0.53%q

% Head

L[ 0.1

“Courtesy of P. Barimger % Flow

Energy Cost for Pump Driven by 100-hp Motor

Energy Costs for Various Electricity Costs
Operating

Time 2¢ per 4¢ per 6¢ per B¢ per 10¢ per
kWh kWh kWh kWh kWh

1 hour 51.60 5330 54.90 %6.60 48.20
24 hours 530 570 5119 4150 4198
1month | $1,208 | 52416 | 53,625 54,831 | 56,042

1 year 514,500 | 520,000 | 43,600 | $58,000 | $72.600

Resources

1. Integrated EnergyTool Suite by US Department of Energy

2 Improving Pumping System Performance: A Sourcebook for
Industry by US Department of Energy

3 Pump Tip Sheets by US Department of Energy

betterbuildingssolutioncenter.energy.gov
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Fan System /nfo Card

1. Shut down fans when not needed by
manufacturing processes

2. UseVFDinstead of modulating dampers
for air flow control

3. UseVFDinstead of inlet guide vanes
for air flow control

4, Replace standard V-belts with cogged V-belts
5. Operate close to Best Efficiency Point

Fan Capacity Control Options

LFat
i w
k-
T E
2 @ T OubielVanas
= Dt ThnoStke:
t i ket Vanes
¥ ——  ConbilabiopHch Blades
& mq e et Spend Control

Fan Lawr

A .,
Parcent of Full Flow
Fan Brake Horse Power Formula

Flow Rate (CFM) = Head (in w.c.)

Fan Brake Horse Power (hp} = 6356 x Fan Efficiency

ARG

== =2 T

G M H, N; N;

0 =Fan flow rate M =Fan spead P' = Fan powear
H =Fan head

Rules of Thumb

1. Fan power: 1000-1500 CFM/hp

2 Fan annual energy cost: $350/1000 CFM
(24/7 operation)

3. Air handling unit fan air flow sizing: 400 CFM/ton

1inw.c. =0.036 psi; 1 CFM =283 l/min; THP =7457 W

betterbuildingssolutioncenter.energy.gov
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Fan System /nfo Card

Altitude {ft)

Temp

F) | O(5ea 1000 | 2000 | 2000 | 4000 | 5000 | 6000 | FOOO
Level)

50 1.04 1 097 | 094 | 09 | 0.87 | 0.B4 | 0.81
55 103 | 099 | 09 | 0.93 | 089 | 0B85 | 0.83 | 08

&0 1.02 | 098 | 095 | 091 | 0.88 | O.B5 | 0.82 | O.79
70 1 0.9 | 093 | 0.89 | 086 | 083 | 08 | 077
80 099 | 095 | 092 | 0.88 | 0.85 | 0.81 | 079 | O.76
90 097 | 094 | 090 086 | 083 | 08 | 077 | 075
100 | 095 | 093 | 0.B8 | 0.85 | 0.81 | 078 | 075 | O.73
110 | 094 092 086 | 0B3 | 08 | 077 | 074 | 072
120 | 053 | 09 | 085 | 0.82 | 0.79 | 076 | 073 | O.71
130 | 091 | 088 | 083 | 081 | 0.78 | 075 | 072 | 0.70
140 | 089 | 085 | 081 | 08 | 0.77 | 073 | O.71 | 068

150 | 087 | 084 | 080 | 0.79 | O.75 | 0.72 | O.70 | 067
‘ﬁ&miyﬂsmhﬂw?ﬂ'ﬁmhﬂ'ﬁj
Alr Speed and Volume Flow Rate Calculation Formulas

Air speed using V(% )= 10967 x [Pemwc)
actual air density a q%r

Air speed using air density 'u’(%): 4005 x JPuginwc)

at sea level and 707 F

Air volume flow rate Q(ﬂ%_):ﬁ,mx 'I..f( "Lm)
Air velocity pressure P,=P.— P,

Where:  V=Air speed; P,=Air velocity pressure; Di=Air density;
Q=Air volume flow rate; A=Cross section area; P =Air total
pressure; P.=Air static pressure

Energy Cost for Fan Driven by 100-hp Motor
Operating Energy Costs for Various Electricity Costs

Time 2¢ per 4¢ per G6¢ per B¢ per | 10¢ per
kWh KWh kWh KWh kWh

1 hour $130 | $330 | 5490 | S660 | $B20
24 hours 539 579 5119 5159 5198
Tmonth | $1,208 | 32416 | 53625 | $4.833 | $6,042

1 year 514,500 | $29,000 | 343,600 | 558,000 | 572,600
“Assuming 3% motor efficency

Resources

1. Improving Fan System Performance: A Sourcebook for
Industry by US Department of Energy

2. Fan System Assessment Tool (FSAT) by US Department of Energy

3. Advanced Variable AirVolume System Design Guide by Energy
Design Resources

betterbuildingssolutioncenter.energy.gov

ORML ID# 1088
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Process Heating System [nfo Card

Top 10 Energy Conservation Measures

1. Check and optimize bumer air-to-fuel ratios

2. Consider oxygen-enriched combustion

3. Check and clean heat transfer surfaces

4, Reduce air infiltration in furmnaces

5. Install furnace pressure controllers

6. Reduce radiation losses from heating equipment
7.

Install waste heat recovery systems
on fuelfired furmaces

8. Preheat combustion air
9. Use flue gases to preheat loads
10. Use waste heat for external processes

Energy Loss Diagram In a Fuel-Based

Process Heating System
Flue Losses
Wall Loss
/ Furnaze ﬂ Operating Loss
11
Gross MNet ¢ Mseful
Fuel Fuel Available Qutput
Input Input Heat (heat o
load
—'—ﬁ Stored Heat [ ] )
Cooling Water Loss
andior Conveyor

Resources

« Improving Process Heating Systems
Performance: A Sourcebook for Industry
by US Department of Energy

« Process Heating Assessment and Survey
Tool (PHAST) by US DOE

betterbuildingssolutioncenter.energy.gov
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Process Heating System /nfo Card

Percent Fuel Savings Gained from
Using Preheated Combustion Air
Furnace Preheated Air Temperature (F)

Exhaust
Temp (F) | 600 | 800 | 1,000 | 1,200 | 1,400 1,600

1,000 13% | 18% | NA NA NA | NA
1,200 14% | 19% | 23% | NA NA | NA
1,400 15% | 20% | 24% | 28% | NA | NA
1,600 17% | 22% | 26% | 30% | 34% | NA
1,800 18% | 24% | 28% | 33% | 37% | 40%
2,000 20% | 26% | 31% | 35% | 39% | 43%
2,200 23% | 29% | 34% | 39% | 43% | 47%
2,400 26% | 32% | 38% | 43% | 47% | 51%

Natural Gas Combustion Efficiency Curve

90 |

88 |
582,‘65_";'30’1-_.4_, - 13 //§§
ﬁgo?"dfrf/ o T

—

= ‘”‘//4/////
%78//}///54;;/
=76 Ty _ B =
.074M//1"/‘/
872%/4

70" ;@"6{&"‘- b

e

f 5

n ;
. 9;\\ —6
s °F S
o | o
7 —e g U
o |- ‘ \ o
- 3

5 -
g N " 3
E 3 t — 10"

l: ~11

100 9 80 70 60 50 40 30 20 10
Excess Air, %
Source: Energy Management Handbook, 4 Edition, Fairmont Press 2007

o
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Process Cooling System /nfo Card

5.

Convert chilled water systems from constant to
variable flow by replacing 3-way with 2-way control
valves and installing VFDs on distribution pumps

. Convert condensing water systems from constant

to variable flow by installing VFDs on condensing
water pumps

. Convert cooling tower fans from 1-speed or 2-speed

tovariable speed by installing VFDs

. Reset chilled water supply temperature setpoints

based on the process load

Reset condensing water entening temperature setpoints
based on the ambient wet bulb temperature

Process Cooling Systems” Cost Comparison

0]
£
B
o
2 mal
E
E o
5o
I : . mm ,
Coerpwoessad Mr Oypan LLnop Cooling Chilllars ‘Ciooiling Towars
Water Cooled Chiller Comparison
Capacity™ | First Cost™ COP IPLV
Chiller Type Range Range(s/ |- Range
{tons) ton) % |com

Reciprocatings | 50-230

5200-5250 | 432-55 46-5.8

Scroll {400}

Screw (?Iul-;;u §225-275 | 49-58 |54.6.
Centrifugal fiuﬂ“'aég?ﬂ $180-5300 | 5.8-7.1 |65-7.9
:E;ﬁft 100-1700 | $300-5450 | 0.60-0.70 | 0.63-0.77
E&”gpﬂm 100-1700 | $300-$550 |0.92-1.20 | 1.04-1.30
Engine Driven 1003000 $450-5600 | 1.5-1.9 1.8-23

g,

(10,000)

are sires

[

BFirst cost inchudes afiowance contracios mank-ups

Countesy of Energy Design Sesowroes

betterbuildingssolutioncenter.energy.gov
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Process Cooling System /nfo Card

1. 1°F increase of chilled water temperature improves
the chiller efficiency by approximately 1.5%; 1°F
decrease of condensing water temperature improves
the chiller efficiency by approximately 1.5%

2. Pump sizing: 2.0 - 2.4 GPM/ton for chilled water
and 2.5 - 3.0 GPM/ton for condensing water

3. Distribution pipe sizing: 10 ft/s water velocity
or 4 ft w.c. pressure loss per 100 ft

1. KW/ton = 12/EER; EER = COP % 3.413;
KW/ton = 12/(COP x 3.413)

2 1 refrigeration ton = 12,000 Btu/hr
1 cooling tower ton = 15,000 Btw'hr

3.1 HP =745.7 W; 1 ft w.c|=0.433 psi
4.C=(F-32)%(5/9)

Integrated Partial Load Value (IPLV) Equation

LV = .. r Where: A = EWton @ 100% load
T I% 43%  45%  13% B = kWiton @ 5% load
ST e Tt € = KW/tan & 50% load

A 8 € b D = k'Wton @ 25% load

Cooling Tower Water Consumption

Cooling Tower Usage (Million Gallons/Year)
Chiller Cycles of Concentration

Tonnage 3 5 7 8
100 20 1.7 1.6 1.5
200 4.0 314 ER 31
400 8.0 &f 6.3 6.1
600 121 10.0 94 0.2
800 16.1 13.4 125 123
1000 20.1 16.8 15.6 15.3
2000 40.2 335 31.2 30.6
3000 6.3 50.3 45.9 46.0
4000 80.4 67.0 62.6 61.3
5000 100.5 8.8 782 T6.6

Resources

1. ASHRAE Handbook: HYAC Systems and Equipment by ASHRAE
2 Chilled Water Plant Design Guide by Energy Design Resources

betterbuildingssolutioncenter.energy.gov

ORML 1D# 108362
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Compressed Air System /nfo Card

1.
2

Vs w

Top 5 Energy Conservation Measures

Eliminate inappropriate uses of compressed air
Stabilize system pressure

. Lower pressure requirements of end uses
. Minimize compressed air leaks
. Provide compressed air of appropriate

quality for manufacturing processes

1 hp alr motor =7-8 hp of electrical power

30 scfm @ 90 8
6

kiJhIs required

E; e air motor

7-8 hp electrical s
Fower required

or this 3 2
Annual energy °
cost $1,164 (air

motor) vs. $194 = Input Power to Electric Motar
(e]ectﬂc motor) == Shaft Power Required by Compressor
= Power Losses and Usefid Work

* 4,000 hrs/yr; $0.05/kWh

Co

mpressed Alr System’s Inefficlency

80% Heat of
Compression Loss

/ % - 10% Waste
; j Leaks, Artificial Demand
-/- Inappropriate Use

<10% Productive Use

Rules of Thumb

Lowering compressor pressure setpoints
by 2 PSIG will result in ~1% savings

Lowering compressor inlet air temperature
by 10°F will result in ~2% savings.

Resources

Improving Compressed Air System
Performance: A Sourcebook for Industry
by US Department of Energy

AirMaster+ and Logtool|by US DOE

betterbuildingssolutioncenter.energy.gov
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Compressed Air System [nfo Card

L *Based on $0.075kWh

Equivalent Orifice Dlameter (in.)
Pressure

(Psigl | 1/64 | 1732 | 1116 1/8 1/4 3/8

70 $34 | 5137 | 5551 | 52,202 | 58799 | 519,844

80 538 | 5149 | 5620 | 52455 | 50827 | 522,138

a0 343 | 5173 | 5676 | 52,732 | 510,880 | 524433

100 547 | 5183 | 5746 | 52,983 | 511,932 | 526,845

125 $57 | 5229 | 5006 | 53,625 | 514451 | 532581

Control Strategies

11':‘i Suction Throt - Ko Birwiown
100

| Suction Throtle- Tank Bowdoesn
50|
Bﬂi a——
e .-'/
oy -
|

POWE Hgi;jll load]
N\
e
i

0| r OpEmuT Loacunika
w
ok
o n an 50 &0 100

CAPACITY (% of full capacity)

Potential Inappropriate Uses

Potential Inappropriate Uses | Alternatives
Clean up, Drying, Process Low pressure blowers,
Cooling Electric fans, Brooms
Sparging Blowers and mixers
Aspirating, Atomizing Low pressure blowers
Vacuum generators Dedicated vacuum pumps
Air operated diaphragm Electric pumps with
pumps/motors proper regulators
Air motors Electric motors

. Install air stop valves at
Idle equipment the inlet
Abandoned equipment Disconnect air supply

betterbuildingssolutioncenter.energy.gov

ORML ICs 108858
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Steam System Info Card

1. Inspect and repair steam traps

2 Insulate steam distribution and condensate return lines
and cover heated open vessels

Install condensing economizers

Use feedwater economizers for waste heat recovery
Minimize boiler blowdown

Recover heat from boiler blowdown

Replace pressure-reducing valves with backpressure
turbo-generators

Use low-grade waste steam to power absorption chillers
Upagrade boilers with energy-efficient burners

10. Optimize the air-to-fuel ratio to improve combustion
efficiency

Natural Gas Combustion Efficlency Curve
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Y
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Source: Energy Manegement Handtbook, #th Edition, Fairmeand Press J007

Rules of Thumb

1. Every 40°F increase in the combustion air temperature
improves efficiency by roughly 1%

2. Every 40°F increase in stack temperature results roughly
1% efficiency loss

betterbuildingssolutioncenter.energy.gov
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Steam System /nfo Card

a5 paig o A0 g o150 palg o 50O paig
1,800 4
i
1,208
7
1,008
H i
Z 53
] 3
: .
E &on 4
H 7
. 1 £
00
2
08
_:—“ '
o . — -
13z 116 e 3716 14 38

Trag Orifice Damueber {inch)

"Based on Matural Gas unit rate of $0.5 thermjand bailer sfficisncy of B0%.

Heat Loss Per 100 Feet of Uninsulated Steam Line

——15psly - 150pslg 300 psig B0 psig
4000 25,000
3zo0 |
20,000
3000 |
200 |
g i
2 1500 . 100 2
&8
1m0 [ et
o r___,—-—’ 5,000
e
s F - - _l-'"_ﬂ---ﬂ-
= .
o L " L L i a
1 z 2 3 12

Déstribution Line Diametar |Imch]

**Bireed on Noturad Gas unit rafe of S0.5/ herm and boder efficiency of 80% and B, 760 opeanting
hours per year.

Resources

1. Steam System Modeler Tool (S5MT) by USDOE

2 Steam System Scoping Tool (555T) by US DOE

31 Insulation tool - 3EPIus by Insulation Institute

4. Improving Steam System Performance: A Sourcebook for
Industry by US DOE

Steam System Survey Guide by US DOE

Steam Tip Sheets by USDOE

oA

betterbuildingssolutioncenter.energy.gov

ORML 1Cst 108886
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Motor System Info Card

Top 5 Energy Conservation Measures

Turn off motors when not in use

2. Replace standard V-belts with notched or synchronous belt drives
1. Replace standard efficient motors with energy efficient/premium
efficient motors
4. Mitigate voltage unbalance
5. Improve power factor
Annual Energy Savings for Premium
vs. Standard Efficiency Moto
Standard Efficiency | Premium Efficiency
Motor Annual
Horse- Annual Annual | Cost
Motor Motor
power Energy Energy | Savings
Efficiency Cost Efficlency Cost
10 B6.7 56,584 91.7 56,508 | 4375
5 £0.0 516,596 9316 S15940 | 5656
50 916 532576 045 531,577 | 51.000
100 922 564,729 954 562,558 | 521N
200 0313 £127.937 06,2 124,075 53,857

Mate: Based on an 1,500 RAM TEFC motor in operation §000 hours per year (fes‘pear) at 75% foad
at an alectrical rate of $0.14&Wh.

Typical Motor System Losses

Rules of Thumb: Replace Instead of Rewind If...

«  Motors are standard and easy to purchase
«  The process down time will be significantly reduced
«  Motor power is less than 50 hp
«  The cost of rewinding exceeds 60% of the price

of a new motor

Motor Formulas

PUW, estimated) = fated Horseoguwend 266 Motor Load

PikW.measured, 3-phase) =

Horsepower =

AmpxVolxy3xPower Factor

T

Synchranous Speed =

1000

-bj=REM
5252

120xFrequency iHz)

Number of Poles

betterbuildingssolutioncenter.energy.gov
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Motor System /nfo Card

Thp=7455W=5501b-ft's
1kW=1.341 hp=738 b ft/5

Adjustable Speed Drive Part-Load Efficlency

Variable Efficiency (%)

Drive hp Load, Percent of Drive Rated Power Output

Rating 125 25 a5 50 75 100
5 80 88 o1 02 04 o5
10 82 00 032 04 05 06
50 86 92 05 05 05 o7
100 80 04 05 06 o7 o7
200 81 05 06 06 o7 o7

Motor Part Load Efficlency

B

&

Em

= o

5w

2 wn

im

L 1Y

B

ws T T u T T T
Y % A 6% % o7 (P

Pasceed Full Load

Shaft Alignment Tolerances for Direct-Coupled Shafts

Parallel Offset (mils) Angula: Hlsallgtl;]ment
Motor Speed | Short Flex Couplings e
(RPM) Spacer Couplings
Excellant | Acceptable | Excellent | Acceptable
900 10 6.0 1.2 20
1,200 15 4.0 09 1.5
1.800 20 3.0 0.6 1.0
3,600 1.0 1.5 03 0.5

Sowroe: Aan [uedeking, lucbmffm’. “Shaft wersus Fool Alignment Tokeronces: A Critique of the
Warious Approaches, " 2008,

Resources

1. Improving Motor and Drive System Performance:

A Sourcebook for Industry by U5 Department of Energy

Motor Tip Sheets by US Department ofEnergy

Premium Efficiency Motor Selection and Application Guide-

A Handbook for Industry. Washington D.C, US Department

of Energy

4. EASA Standard AR100-2015: Recommended practice for the
repair of rotating electrical apparatus by Electrical Apparatus
Service Association, Inc.

b e

betterbuildingssolutioncenter.energy.gov
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Water System Info Card

Manufacturing Processes

1. Install timers/sensors to automatically shut off water flow when
water is not required

1. Setequipment to the minimum flow rates required by processes
and recommended by manufacturers

1. Reuse water from other parts/processes of thefacilities

Cooling Water Systems

Eliminate water overflowing from cooling towerbasins

Set the ball float valves to the correct size

Install flowmeters and conductivity sensors on blowdown lines
Operate blowdown operated in continuous mode

Eliminate once-through water cooling by using closed loop
chilled water

Steam Systems

1. Check and replace steam traps regularly

2. Install boiler blowdown flash tank to recover flash steam

3. Install conductivity sensors on boilers to automatically control
surface blowdown

Water Flow Diagram with True Cost
Components and System Water Balance

bl ol ol

=
=
3
A}
g

e

06
.

Rules of Thumb

- In cooling towers, 1% of the water redirculation ratemust
be evaporated for every AT of 10 °F.

= A baoiler making 10,000 Ib/hr of steam requires 20 GPM of
feedwater.

- Steam blowdown rates typically range from 4% to 8% of
boiler feedwater.

= ~15% to 30% of steam traps may be failed in steam
systems that are only maintained every 3 to 5 years.

betterbuildingssolutioncenter.energy.gov
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Water System [nfo Card

Formula and Unit Converslons

] - Evaparation Loss
Cooling tower blowdown water Cyele ofConcentration-1

Cyrieoffuncenn'atjan=—"L Blowdown

1 gal = 3.785 liter =0.134 f* = 0.00379
1 gom=0.063 I¥'s =023 m¥hr
1 gal water = 835 fhs

Cooling Tower Water Loss
Dt -2 % of rosling tower total waler us)

) Evvaparatian 1201 GPM per Caaling Tower Toa}
Fan Deck . . . PT———
Vi R AR AR |
tutet | (8
U'F"MIH Paim

M&m— Waler with concenirate
waler

{Ewaporation loss + blowdawn +dsfth

Dissoived solids

Bl [-0006 EPM perCocling Tawes Ton @
B Cples af Concentabiond

Cooing Tower Annual Water Usage for Different
Sized Chillers at Varying Cycles of Concentration

Cooling Tower Usage (Million Gallons/Year)
Tg::::;e Cydes of Concentration
(Nameplate) 3 4 5 [ 7 8
100 2 1.8 1.7 16 16 15
200 4 16 34 3.2 31 11
400 g 7.2 6.7 6.4 6.3 6.1
500 10 8.9 84 3 7.8 7.7
600 121 10.7 10 9.7 9.4 9.2
300 16.1 143 13.4 12.9 125 123
10400 20 17.9 163 16.1 156 15.3

“Assurming that the anmual operation i 8760 hours.

Resources

1. DOEPlant Water Profiler [(PWP) tool.
https//www.energy.gov/eera/amo/software-tools

2. Guideline for Estimating Unmetered Industrial Water Use by US
Department of Energy

i. Byers, William, Industrial Water Managemeant: A Systems
Approach, Wiley-AlIChE, 2002

betterbuildingssolutioncenter.energy.gov

A-53



APPENDIX I. OPPORTUNITY SHEETS

Energy Treasure Hunt - Plant's Cost Information

Instructions:

Flease respond 1o the following questioas on Flant's cost infonnation

Input values im cells colored in green

Choase approprimely from the cells cobared is pink

Please D NOT insert any valee i cells colored in grey

Flant Name:

Scope of Energy Treasure Hunt

1} Check boxes for itemns that are to be considered within the scope of the treasure hunt event. Leave check box blank ifit does nat

J|!1.'\l|:|

Instrusciions:

1} Please check boxes associnced with seeam/compressed air coxt only if mer i buving them from a noliey sr s chird-
party emcerprize. DO NOT ckeck che boxes if these are penerated omzive miimg bodlers/air compreszors, ecc.

Eleciricity ™ Wes Cither Fusls I Fas
Habaral Gas I ¥es Water Savings ™ ¥es
Steam (onky if purchased) [ ¥es Waste Water [ ¥es
Compreszed Air (paly if purchasad) [~ ¥es Emissions [ ¥es

Unit Cost of Primary Energy Consumed:

11 Mease provide unit costs for different energy types used in your plant

Inszrucinoms

23 Mlease provide steanccenpressed air cost eoly ifuser i buying steans from a utility or o third-party estesprise. Do net provide costs
if these are geserased omsite usizg boilers/air compressom

Energy Type LUnit Price LUnit

Other Metrics:

11 Mlease provide unit costs for the sems lised
Inszrucinoms

21 The defwalt value for OO emissioms is 0352 IbEWh for ekectricity: 114.2 IWMMEBTL fee Matural {ras

Enemgy Type | Uit Price [ Ulnit
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Plant: 0
Title: Business Unit:

ﬁ FrEes Ornginator:

Equipment: Date:

[Description:
g
% Current Situation (Before Energy Treasure Hunt) Projected Situation {After Energy Treasure Hunt)
i Annual Oparating Hours Mumber of Units Anmual Operating Hours Mumber of Units
a Hours Day g Number of leaks, Numbes Howrs Dav g M imber of leaks, Mumber

af cauinment o e turmed aff o equipment ia be furned off
DayvsMenth eto Davaionth i
Months hionths
Lo - * This section is pariof the description and he values ore not usedin ¢ .
= Energy umits | Energy Use Before TH (Energy umts/yr) Energy Usa After TH (Energy Units'yT) | Energy Savings (Enerzy Umits/yr)
— Implement;n;mCth = $/unit = = Projected AnnualSa;Lugs

Enzincering Services: % - |Electricty i

Mizterial: 13 - 3 - |Ga= 3
- Lzbor: Contract % - |Compressed Air 3
'E’.f Labor: In House § - [Other Fuel i
‘2 |Other: 13 - Cost Descrniption: £ - [|Gteam B
KE (Cithar: i3 B
& [|other: 3 - 5 - |Wawr §
UC' Other: § - t - [WwT $

(Other: ¥ =

Orther Savings
o R T 5
Simple Payback Pariod (yrs.):

A-55




APPENDIX J. CALCULATORS

Compressed Air Reduction - Energy Treasure Hunt Calculator

The calculator s dasigned to be uesad as part of the Energy Trageure Hunt event fo quantify the ensrgy savings aseociated with reducing compressed
alr ueags.

This calculator can be used to calculate the energy savings of typical energy savings opportunities like:
= Turn off comprassed air to a production line‘machine during non-production.

+ Reduce compressed air going into a production linefmachine.

= Eliminating inappropriate use of compressed air

= UUse Engineered Mozzles in place of open blow off et

Calculation Steps - Determining annual energy use of a piece of equipment is a three-step process:
Step 1: Determine operational ime each year
Step 2: Determine the rate of 2nergy use

Step 3: Multiply operational time by energy rate fo determine consumption.

Enter ttama Into the cells In Graen, choose from cells In Pink and the Gray Cell will be calculated from youwr antries.

Step 1 - Determine the Operation time

Before Energy Treasure Hunt After Energy Treasure Hunt
Saconoel minube Eeconds Secands' minule Leconds
Minubes or cycleshour Mindzycle Minutes or cyclesihour IinCycle
Hioursiday hr. Haursiday hr
Day=/month) Day Daysimanthy Day
Muonthslyear Ndonth Menthalyean Ldondh
Oparation Time| 0 Minsyr. Oiperation Time 1] Minfyr.

Step 2 - Determine Compressed Air Flow
Identify the method to be used:
Compressed air consumption can be determined by several different means. The calculater sheets provide three options to determine
consumption. The determination means will always start with the most accurate and end with the least accurate that is acceptable.

2 Compressed Air Flow Meter Getting the flow measurement straight fromn a calibrated air flow meter reading. This is the best way fo

' - measure compressed air consumgtion.

b. Bao Methed The bag methed estimates the air flow using a trash bag by counting the time it takes to fill it. This is the
’ second mast 3ccurate means of MEssUnng compressed ar ConsUmphon.

Estimation of air flow using the pressure at the point of use and the diameter of the arifice. This is the
. Orificel Pressure Method least accurate methed permissible for determining compressed air use. The user must knaw the air
pressure at the point of use for this to be accurate.

d. Off-sheet'Other Method Chaose this option if you are using a different method to find the compressed air use

Choose Method of Measurement

S5tep 3 - Total Energy Savings

Cheose Qutput Metric

Motz Toget the resu s in unils conssie nsith the °0 ppanun By Sheet”, Choase "Electricty (KW ™ fthe compressed air i generated onsite using alr compressons, choose "Compressed air
(KSCF) gols H comprassed alr is bought rom oulskde the faciity




Compressed Air - System Pressure Reduction Savings

Tha calculator 1e deslgned to be ueed 2z part of the Energy Treasure Huntevent to gquantity the energy savings sssoclated with reducing compressed
alr syatem pressurs.

The benefit of lowering system pressure is two-fold:

1.) Reducing the pressure lowers the work done by the compressor and hence lesser electricity is drawn.

2.) Reducing the pressure slso lowers the amount of air delivered fo plant and thus cuts down on the air lost in the form of arificial demand
and air leaks.

This calculator only calculates the electricity saved at the compressor by reducing system pressure.
Calculation 5teps - Determining annual energy use of a piece of equipment is a three-step process:
Step 1: Determine operational time each year

Step 2: Define Compressor Energy and Pressure

Step 3: Calculate savings st the compressors

Enter Iteme Into the cells In Green, chooes from celle In PInk and the Grey Call will be calculated from your entrigs.

Step 1 - Determine the Operation time

Before Energy Treasure Hunt After Energy Treasure Hunt

Hoursiday hr Haursiday hr
Daysimanth Day Daysimonth Diay
Months!year Month Months/year Nonth

Operation Time o Hrs.fyr. Operatian Time Hrs.tyr.

Step 2 - Define Compressor Energy and Pressure

Current Situation Projected Situation
Dafa lfem Walue Unit Dafs ffem Walue Unit
Enter baseline KW demand L4
Enter baseling prassuns peig Enter propased prassure I:’p-;..g

Tatal Annuwal Cansurmplion I:l K

Step 3 - Total Energy Savings

Tatal Annuwal Cansurmplion I:l K

Choose Cutput Medric

Mt Ta et e resuls inouniss consistent with $e "Opportunity Sheet”, Choose "Blectricity (KWh T if the compressad air is genensted onsite using air compressans, chooss “Compressed air
(KSCF]" only if compressed air s bought from outside the fadlity.
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Compressed Air - Leak Survey

The oaloulstor lo declgred 1o be wssd ac part of the Ensrgy Traacurs Hunt avent to quantify the sosopy o

Calculstion 3iepe - Datermining annual energy uss of a placa of sguipment | a thres-step process:
Step 1: Define the annual hours and the aperating cordition

Steap 2 Dwrteermnine the rate of leak Lsing one of the theee methods avaitabile

Step 5 Multiply coerational time by leak rabe o determing annual loss in e of fow or ensengy.

Estiwr Bsenic Indo the oallc im pink; chooss from osllc In Glue and the Grey Ce@l will B2 oaloulsted from yowr snirisc.

Step 1 - Define the operation time and condition

Secordsiminute Eeconds Compressed Air Temperiburs F
Minurtes or cyclesthour Minicyce Atrnasphanic Prassund 147 pais
Hourstday [ Discharges coefficent 1
Daysimaorth Dy
Mantbebpeaar Mdanth
Ciperation Timea a Hrs_iyr

Step 2 - Determine Compressed Air loss through leak

Compressed air lass can be determined by several different means. The caloulabor sheets provide four aplions 1o determins loss, to be chosen in column 4 of the surey
table

Thier miast high-leve] way S0 determine the leak e is 1o estimate i based an the visual and sudile clues. The critera and
the defaudt lesk rate for Shis method are gieen below. The user can change this as required

Ilinimal Fesl but cannot hear in guiet environmaent [+ | sft min
2 Exfmate Small Fesland hear in guiet environmeant 0B sfEY min
edium Feel and hear in moderate noise 10 sfEd ! min
Large Feeland hear in high naise 5.0 sfE! min
SEvers Fesland hear at great distance 10.0 sfEd min

The decibels method is used when an Ukrmsanic probe s used o scan Tor leaks. Use $ie dB vs CFM chart that comes alang with

b Decibets Method the spacilic mak delecior o estimale loes

tr. Bag Method Thie bag method estimates the air loss using a trash bag by countireg the time i@ takes 2o fill i@

Estirmadion of air los= using the pressure al the pomt of use and e diameter of fie anfics. The wer must know $ie ar
pressure b the point of use for this b be accurate

Leak Survey - Table

t. Orificel Press une Method

Leak Sound Leak
Number Yo l:l:u:rlp'l:ln_n {What is Identification et e Bate Intensity R_I'tE
Leaking?)] Type Estimate at I ft. Estimate
[+ft*fmin] [dB] [kseffyr.]
1 None M |; [w¥a%] fi]
2 Mone Mone =] D0 a
] None Mona |; [s¥a] 1]
4 Mone Moina I; [ele] 1]
5 Mone Mona |; [l ] 1]
[ None Nonsa |; (sl ] ]
7 None Mona |; [l e ] [1]
| None M |; [s¥a%] 1]
q Mone Mone |; [l o] 1]
10 Mone Moine [=] .0 0
11 Mone Mo |; [sla] 1]
12 None M |; [wla%] fi]
13 Mone Mone =] D0 a
14 None Mona |; [s¥a] 1]
15 Mone Moina I; [ele] 1]

A-58



16 Mone Moina I; [sla] a
17 None Nons [=] .0 ]
1E None Nonsa |; (sl ] ]
19 Mone Mona |; [l ] 1]
0 None Maonea [=] DL [i]

Total Leak Rate cfm - 000 kcf J wr. - o

Step 3 - Total Energy Savings

Choose Cuipus Metic

Fntar To gt L s e s it cormitrn | with S Dz portundy Sseat”, Coores *Elscinicty (K |7 f tha com pres i for o g crole i g ar comp e it b

ori, choode: "Campasssadar (LSCFT goly ¥ corr

bougyl fr m carsicde L sty
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Electricity Reduction - Energy Treasure Hunt Calculator

The calculator is designed to be used as part of the Energy Treasure Hunt event to quantify the energy savings associated with
reducing electricity usage.

This calculator can be used to calculate the energy savings of typical energy savings opportunities like:
# Reduce the operation fime of equipment which uses electricity.

» Reduce the sizefload of the eguipment which uses electricity.

# Turn off eguipment that uses electricity

# Lower the frequency of a veriable speed drive motor

Calculation 5teps - Determining annual energy use of a piece of equipment is a three-step process:
Step 1: Determine operational time each year
Step 2: Determine the rate of energy use

Step 3: Multiply operstional time by energy rate to defermine consumption.

Enter Iteme Into the cells In Green, choose from celle In PInk and the Grey Cell will be calculated from your enfrigs.

Step 1 - Determine the Operation time |

Before Energy Treasure Hunt After Energy Treasure Hunt
Seconds/minute Saconds Secondsiminute Seconds
Minubes or cycles/hour Minfeyehs Minutes o cyclesthour MiniCycle
Hoursiday hir. Hoursiday hir.
Daysimonth Dy Daysimanth Day
Manthsaiyear Muonth Manths/year Manth
Operatian Time o hrs.lyr. Cparation Time i} hrs.lyr.

Step 2 - Determine Electricity Consumption |

Identify the method to be used:
Electricity consumption can be determined by sewveral different methods. The calculator sheets provide three options to determine
consurmption. The methods are listed starting with the most accurate and end with the least accurate.

The best way to measure electrical consumption is with 8 power meter. Manufacturer's data on
. P Meter Method
B Foweriieter Mstho lights can be entered as if the measurements were done with & power meter.

Multimeter measurements are the second most accurate means of measuring electrical

b. Multimeter Reading consumption and are sccurate for DC and for AC (When combined with the plant's uncorrected
power factor].
Motor nameplate data can provide a reasonable estimation of the energy that motors are

c. Mame Plate Data consuming but are not as accurate as a power meter. Mameplate data does not tell the userhow

heavily loaded the motor is.

d. Off-sheet/Tther Method Choose this option if you are using a different methed to find the compressed air use

Choose Method of Measurement

Step 3 - Total Energy Savings

Values for Opportunity Sheet
Electricity - Current Situstion [1] kKWWh
Electricity Used - Projected Situation 1] kKwh

Sawvinps 1] ki
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Lighting Calculator

Tha calculator I deslgned o be used ae part of the Energy Treasurs Hunt event to quantify the energy savinps assoclated with lighting opportunity

Thie calculator can be used to calculste the enengy savings of typlcal enargy savings o nitles Iike:
= Reduce the operation time of lighting eguipment

= Reduce the number of the lighting fixtures.

= Turn off lights

Calculation Steps - Determining annual energy wee of 8 plece of lighting equipmeant 1= a three-step process:
Step 1: Determine aparatianal ime each year
Step 20 Deternine the elactricity used per lighting focure

Step 3: Multiply aperatianal time by electricity used o determine cansumptian

Endsr Hansc bto the calls In Gresn, choots from calls In Fink and the Grey Cell will be caloulated from your sndrisc.

Stap 1 - Defermine the Cperation time

Eafore Enargy Treasure Hunt After Enargy Treasuwre Hunt
Hoursiday,
Hoursiday hr. he
Dy simaonihy Day Daysmonth Dy
Monihanyear Kanih Monthsfyear HMeain
Operation Time 0 hes tyr Operation Time o hrs Jyr.

Stap 2 - Determine Electricity Consumption per Lighting Fixture

Currgnt Situation Propossd Stuation

How would you lke to Input wattage? | How wauld you like fo iInput |

wattans?




Hatural Gas Reduction - Energy Treasure Hunt Calculator

Tha oaloulsior |5 dacigned to be uced ac a perk of tha Ensrgy Treacurs Humt svent to quamtitty the apsrov cewinoe accopisted with reduolng naturs| pas

This calculator can be used to calculate the energy savings of typlcal enargy savings o nities Ika:

* Reduce the oparation time of equipment which uses natural gas

» Decrease the fiow mte of the *lud® being heated. (The mest common “fluids”™ heated ane waler and air. )
= Turn off equipment that uses natural gas

+ Change set point o a lower emperatune,

Calculation Steps - Determining annual anergy uee of 8 natural gas using plece of equipment 1= a four-step process:
Step 1: Datermine aparabanal ime aach year

Step 2: Daterming the energy efficiency af the system

Step 3: Determine the rate of enengy use

Step 4: Mulliply aperatianal time by anergy rabe o determine consumplion.

Embar ltamic Into the calic in Grean, shooos from olc in Fink and the Grey Coll will be osloulabed from your andrisc.

5tep 1 - Determine the Operation time |

Eefore Energy Treasure Hunt Aftar Energy Treseure Humt
Eccondsminuie Saconas Bsoordaim e Saconds
Minies, o cyciesihour Anpche Kinules of cycleshour M Cyohe
Hoursday . Huoursiday b
Dsaysirmroni D=y Dargstmanin Day
Moniheiyear Mot Marinalyear Linmzn
Dperation Tive [i] nrs. iy Operabion Tire o hrs. e
Stap 2 - Determine the Matural Gas System EMclency
Valwe Linkt \alue Linkt

Efficimncy % Efficiancy %

Step 2 - Determine Hatural Gas Consumption

Identify the methiod to be usad:
Matural Gas consumpSion can be determined by several different means. The caloulator sheet provides three apfions to determine consumption. The
defemination means will always start with the most accurate and end with the keast accurate that s sooeplable

The Biest way to magsure natural gas consumption iz with & flow meatar. The user must undenstand the units the
meder is measuring the lime aver which the measurement is made o camectly defermine  consumption

a. Flow betar Method

This method uses the mass o of ar beated by the ratural gas %o backirack the natural gas consumgtion. The
mizss flow of air can be determined either from a mass Aow meber or wsing nameplate data. Using mass fiow meser
readings is much mone socurate than the name plabe readings. Mass flow calculations use ASHRAE sccepted
Farmulae to calculale conswmption.

b Mass Flow Methoed for Air

This method uses the mass fow of water heated by the natural gas o backirack the natural gas consumption. The
s flow of wister can be determined sither from a mass flow meter or using nameplate data. Using mass flow
meler readings is much morne socurate than the name pla%e readings. Mass flow calculations use ASHRAE
accepted formulae o calculate consumglion

. Mass flow Method for Water

d. Off-sheetiOiher Method Chaose this aption if you are using a different method ta find the naturasl gas use

Choose Method aof Measurement

5tap 3 - Total Emergy Savings

Walues for Opportunity Shest

Electricity - Currant Siuation 0.00
Elactricity Uksad - Projacted Situation 0.00

MIMBTLY
MMBTLY

Savinas 0.0 RETL
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Insulation - Emergy Treasure Hunt Calculator

Tha oalowisior | dacigned io be uced as a part of tha Ensrgy Treacurs Humt svent to quastity ths apsrge cavinpe accoolsted with Ingutsting hof plosc and

Calculation Steps,
Step 1: Determine aperational time sach pear
Step 2: Determine the energy efficiency af the system

Step 3: Deterrming the rate of erangy use

Entbar lhamc Into the calic in Graan, choocs from calic In Fink and the Grey Coell will be caloulatsd from yvour andrisc.

Stap 1 - Deferminge the Operation time

Eefora Energy Treasure Hunt After Engrgy Treasurs Hunt
Secondsiminube Sacanas Sprondsiminuis Seoomnds
Minies or oyobeshour Ay Minuties or oychesiho InCyci=
Hoursiday [ Haoursidary [
Dy smonih Dimy Dhaysimaonih| Dy
Maonthsyear) Mot Maoninsiea anm
Dperation Time [A] sy, Operaton Timdg o hrs.fyr

Step 2 - Deferming the Matural Gas System EMclency

Walie Lt Wale Lt

Defermine Hatural Gas Consy

Stap

This calculator uses the temperature of the pipatank heated by the natural gas to backirack the natural gas cansumption.

Usars can use either the surface temperature ar the intemal fluid temperatuee of the bare pipeftank as the ingut variable o estimate the energy savings within the
accaptable levels af armar.

Choose if the insulation & for a pipe or a tank

Stap 3 - Total Emergy Savings

walues for Opportunity Shest
Matural Zas - Current Situatian (815 T

Zavings MIMB
Matural Gas - Prajecied Situation (815 T
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Sieam Reduction - Energy Treasure Hunt Calculator

Tra caloulabor |5 decigred to be uesd =c a part of the Ensngy Treacurs Huntswent fo quansiy the gnargy cavinge accoolaisd with radecing cleem

Thic paloulator oan be usad fo calpulste the smergy cavinge of fwplos| snergy cavinor goporiunities lke:
* Reduce the operaton lime of equipment which uses sheam

® Decrease the Pow rade of Bhe "Muid” being heated. {The maost commen Tuids” heated anre water and air)

# Reduce ihe opeatonal hours of the boller house

= Change set poinl i @ ower emperature

Calowlation Etepe - Detsrmining annual snergy uce of & pésos of squipmant Ic a four-step prooece:
Step 1: Delerming openabional Bme sach year

Sten 2: Delerming the enengy efcendy of fhe system

Sten 3: Delarming the mate of anemgy use

Step 4: Mubply operational ime by energy mabe to determine consumphion

Erder I22mic Info tha oelic In Sraan, ohooes from salls in Fink and She Grey Call will be pabsslated from your soirkes.,

Siep 1 - Determine the Operation fimea

Enfore Enargy Treasurs Hunt atter Emergy Treacurs Hunt

Benondaimin.e Sacang's Enrondsmine Sarcnas
Winuies or oyckeshour Iniyie Minutes or oycies hour ATy
Hoursiday| e Hoursitary b
Diaresima nin| D=y Dargsimaiiny Day
Marthalear Agonm Monthaisear Lignth
DOperaton T
Crperation Time| o nISshT peralon Time ] hrsiyr

Siep 2 - Determine the Steam System Efficlency

Vake=

L1 -

Laiue Link

Efficiency 5 Efficiency

idamtHy the mathod to be ueed:
Mmam consumpdion can be defermined by several diferent means, The caculabor sheet provides three options fo determine consamption. The delerminatian
meeans wil atways stat with the most accurate and nd with 1he leas! accurate that is acceptabie

Thiz besl way 10 maasine sheam consumption |s with @ flw meter. The user must anderstand the units the meter

o, Flow Meber Mithod
Is measuring fhe ime ower which the measuremend i made o correcily debemine consumption

This mirlhcd uses e mass ow of ar heated by 1he sieam o back tack the sleam consumotion. Th mass low
of air can be defermined either from & mass fow mebsr o wsing ameplate data. Using mass fow meter readings
Is musch meane @ocurate than e name olae readings. Mass fow caiculations uwe ASHRAE accepied fomukee io
caloulate consumplion

b. Mass Flow Method for Alr

This mirthod uses the mass Aow of waler heated by the sieam {o backirack e sleam consumpbion. The mass
Now af waler can be daterminad eiher fom a mass Tos meEler of USng namepiate data. Using mass fow meter
readings is much mone aoourabe than Bhe nanse plde readings. Mass iow caloulations use ASHRAE accepied
formudae fo caloulabe consumpton

. Mass fos Meithod for Waler

d. Off-sheattther Methad Choese Ihis option if you are using a dferent method 1o find Ehe natural fas use

Chooge Method of Measunamsen

Siap 4 - Total Energy 3avinga

Chocae Ouloul Metrio

Mokir- To it e nirsals i orts cormesden] with B Cleporiusdy Shiset”, {© hexma: ® Koo | Geed™ o Ohl
cubinds e haaily.

PAMETUT # the shear o porsried orsle aing boders, choem Sksen (kb oot § sesn o bought from
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Water/ Waste-Water Reduction - Energy Treasure Humt Calculator

The calculator is designed to be used as part of the Energy Treasure Hunt event to quantify the water or waste-water savings.

This calculator can be used to calculate the emergy savings of typical energy savings of nities like:
» Reduce the operation time of eguipment which useswater

+ Recycle the water being used

+ Enginesr rinses and washers

Calculation Steps - Determining annual energy use of a piece of equipment is a three-step process:
Step 1: Determine operational time each year
Step 2 Determine the rate of water use

Step 3: Multiply operstional time by water use rate to determine consumption.

Entar ifeme Into tha cells In Green, choose from cellg In Pink and the Gray Cell wil be calculated from your entries.

Step 1 - Determine the Operation time

Before Energy Treasure Hunt After Energy Treasure Hunt
Secondsiminule Spconds Second=/minubs Secaonds
Minutes or cyclesthoun Miricychs Minutes or cycles/haun MiniCyele
Haurs!day hr Haursiday hF
Daysimontd Day Diaysimanth Day
Monthsiyean Manth Manthsiyean Manth
Operation Time o mins/yr Operation Time] 0 minsiyr

Step 2 - Determine Water/ Waste-Water Consumption

Identify the method to be used:
Water consumgption can be determined by several different means. The caelculator sheets provide three options to determine consumption.
The determination meaans will always start with the most accurate and end with the least accurate that is acceptable.

a. Matered Flow The best way to measure water consumption is with 8 totalizing flow meter.
b. Bucket Method The second most accurate means of measuring water consumption is the bucket method.
c. Cff-sheet/Other Method Choose this option i you are using & different method to find the compressed air use

Choose Method of Measurement

Step 3 - Total Energy Savings

Values for Opportunity Sheet
Wizter' Waste-Water - Current Ulsage 0.00 kgal
Wigter' Waste-Water - Projected Ulsage 0.00 fogal

Savings 0.00 kigal
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APPENDIX K. SUMMARY REPORT

Automanc sSummary Eeport Generator - Instruciions

KOTE
B Thia gedcialar reqUises Uhal Yol Uase TH Oppoauadty Sheets geacril Rarmal, it will 8ol wodk £yel deletzd aay foWe of colifsa @ the Oppertiaily dkeel,
- Tha workbosk uzca smacros,

To Exable Macros: Tesls->Maceos->Secanly. .. -» Chesse Lew or M edium {May akso he e by Albswing ' Macros whken epening Excel))

17 your Herw ok Admmestsator bas Disabled Moo, yee cotnot ke advaniage of thiz eed. Y ou can slall use the feamal if yoe wizh te manually penenale tee repanl.

¥ Al waorkshesls mre yaul. If you neced s meke a charge
lusl skl

Tools-=Freleition. .. -~ Prik ¢l Shesl {paswend "eacegy” W lmes] will re-prelecd any andsvidial sheel

o FLEASE DO HOT ARD OR DELETE ROWSE OR COLUN N5 en any of tke aheeta,

Generating the Summary Feport - Steps

Siep 1 - Begen By Orpasizing your detail sheets st o aub folder or sulb folders broken dowan By leam ! feeilines process e,

Huole:

e Fleaae provide & kel & deachplive fokder gasie (Eog. "Paoducten L 17, "Weal Facliy, ele.) folder aamie mal gl be lenger than 31 Cha szl
¥ Each [oker snuzl nol conlhain mese thae 30 oppociunity aheet! Creale aepacale (ders § you execed 30, #
o Smdady, then casnol be sore than B Follora, The woskake 1 can be sodidfied bul may eequie chengea imbedded ¥V BA mac

&y Reposl Geperalerlam o (ke discclory eonl o ke seh Foldess erealed s slep #1

Slep 2 - Copy this 0

Kate - The divectory must ONLY ¢
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APPENDIX L. PROJECT IMPLEMENTATION TRACKER

Project Implementation Tracker - Instructions

-Copy the individual opportunities and associated metrics from the " Summary Report Generator” into the Master Sheet of the tracker.
“You can use the "Project Tracking Sheet” to prioritize and track the progress of these projects (Input fields are color coded with Green)

-Once an "Effort to Implement” is defined for each opportunity (Column D of the Project tracking sheet), the Project Prioritization Chart can be

used as a visual aid to prioritize projects.

‘Worksheet password - "energy”

Project Implementation Team

Member 1

Member 2

Member 3
Member 4
Member &
Member &
Member 7
Member &

*For drop down in Project Tracking Sheet
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APPENDIX M. ENERGY TREASURE HUNT PARTICIPATION CERTIFICATE TEMPLATE

Better
Plants’

U.S. DEPARTMENT OF ENERGY

Certificate of Completion - Better
Plants Energy Treasure Hunt Exchange

Awarded to

(First Name, Last Name)

For completing a multi-day Energy Treasure Hunt Exchange Led by instructor (Instructor Name) at
(Company name)’s (plant location - city, state), facility, (Month, Days, Year)

Presented by the US. Department of Energy, Office of Energy Efficiency & Renewable Energy

(Instructor Signature)

ENERGY
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APPENDIX N. TREASURE HUNT EVALUATION FORM TEMPLATE

‘ Better Plants’
‘CHALLENGE Evaluation Form

LS. DEPARTMENT OF ENERGY

Energy Treasure Hunt

Evaluation Form (2 Pages Total)
Training Site: Plant Name, City, State

Date: (M/DY) - (MDY

Please Complete and return to your facilitator at the conclusion of this
Energy Treasure Hunt Exchange

Participant Mame: Job Title:

Organization/Address: Phone: Enmnail:

Are you responsible for managing energy consumption at your organization? YES ! NO. If YES, please indicate Plant Level or
Corporate Level:

1.0 What is your principal business type? Mark only one.

1. Manufacturer 3. Utility (Matural Gas) 5. LHility (Water or Other) 7. Other (Specify)
2. State Agency - Energy Efficiency Program 4. Utility (Electricity) G. Industrial Assessment Center (LAC)

2.0 What industry or industries do you work in (if applicable)? Check all that apply.

1. Primary Metals . Faod Pracessing 8. Plastics and Rubber 13. Furniture and related produsts
1. Fabricated Mesal &. Paper Manufacturing 10. Computer and Elecironic Producis 14. Machinery Manufacburing
Products

1. Chemicals . Teaties and Textile Produscts 11. Electrical Equipment, Appliances and 15, WaterWastewaler Traatmend

Compansanis

4 Patraleumn and Coal 8. Woad Products 12. Transpartation Eguipmeaent Manufaciunng 16, Oither and Miscellaneaus
Products Manufaciunng

3.0 What is your main reason for attendance?

1. Acouire Mew Skills 2 Interest in Topic Area 3. Required by Efmployer 4. Update Skills 5. Job-Relsted Incentive

d. Cther
4.0 Participants feedback on Treasure Hunt event: Strongly Meither Agree Strongly
Disagree Mor Disagree Agree
4.1 The event provided information that | will apply to my job 1 2 3 Fl g
4.2 The event provided adeguste time for asking guestions & discussion. 1 2 3 4 5
4.3 The facilitstor made clear the goals-objectives of the treasure hunt exchange i 2 3 4 5
4 4 The facilitstor provided helpful guidance throughout the process 1 2 3 4 [
The fadlitstor provided effective training on calculating and documeanting
4.5 energy savings 1 2 3 4 5
4.8 The facilitator responded to the guestions and isswes effectively i 2 3 4 5
4.7 The handouts, calculstors and opportunity sheets provided were essy to use i 2 3 4 5
4.8 The handouts, calculators provided were helpful i 2 3 4 5
49Thefaca'l'rts'bc-rtrair'ed an employee of the host to facilitate future treasure 1 2 3 a =

hunts

Leam more at
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Mot Moderately Very Not
5.0 How effective was the workshop at providing information on: Effective Effective Effective Applicable
5.1 |dentifying opportunities to save energy. 1 2 3 4 5 WA
5.2 Quanfifying energy savings associated with the identified opportunities i 2 3 4 5 NIA
5.3 Documenting energy savings opporiunities 1 2 3 4 5 MIA
5.4 Background on the warious systems in the plant i 2 3 4 5 NIA
6.0 Other Comments:
8.1  Would you recommend the freasure hunt exchange to other Plant(s) in your fes /Mo
organization?

82 What actions do you expect to take as a result of this training?

8.3 As aresult of this training. do you feel comfortable facilitating a similar event at other

!
plants in your organization? Yes /Mo
8.4 Vhat are your commments or suggestions for improving this freasure hunt eschange?
L]
L]
L ]
L]
T. Based on what | learned today, | will implement some energy savings Best Practices when | go back to my plant
1 2 3 4 5
(m] (m] (m] O (m]
-— T —_—
Strongly Disagree Agree Strongly Agree
Comments: Best Practices, | intend to pursue im my plant ars:
71
7.2
T3
T4
]
g Would you like to be contacted about the following DOE Technical Assistance programs:
Combined Heat and Power (CHP)? es /Mo
Industrial Assessment Centers (LAC)? “es [ Mo
Superior Energy Performance [SEP)? “fes [ Mo
50001 Ready? es /Mo
B Can DOE follow up with you in about a year to see what practices you hawve put in place as a result of this INPLT?
es Mo

Leam more at
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