Handbook
Energy Audit in SMEs

-
——

Supported by o,
INTELLIGENT ENERGY ""

7EUROPE 7 |



ENERGY AUDITS IN SMEs

ERASME Project - Contact (International)

Ecuba Itd

Daniel Caratti
caratti@ecuba.it

Marcello Antinucci
antinucci@ecuba.it

phone contact: +39 051228048

Ital Ecuba Itd r
Y 3cuba
:I|[||W“
Italy CNA-Emilia Romagna G b R
e
Emilia Romagna
Croatia University of Zagreb - FSB
‘ Croatia Oikon
Czech Republic Ecodot

) Grunder-Und Servicezen-
Austria

trum Furstenfeld EMS KG
GRUNDER- &
SERVICEZENTRUM
Regional Development
Germany Agency of Northern Black A
Forest 4

NORDSCHWARZWALD

Poland Agencja Rozwoju Regional- ===

olan nego S.A. Sclgron Fegoranego S

Pannon Business Network N
Hungary Association (M




ERASME Project - Contact (National)

COMPANY xxx

Name
e-mail

2nd contact
2nd e-mail

phone contact: +3

The sole responsibility for the content of this pubblication relies with the author. The EACI
(European Comission) takes no responsibility for information contained in this website. The
views expressed in the material have not been adopted or approved by the EACI and should
not be relied upon as a statement of the EACI. The EACI does not guarantee the accuracy of the
information given in the material nor it accepts responsibility for any use made thereof.



Summary

Introduction

Scoping

Strateqic Approach

Commitments of Involved Actors

SMEs Enerqy Audit Methods

Financial Package

Annex | - Walkthrough Analysis

Annex Il - Checklist

Annex Ill - Report Deep Audit (example)

11

13

20

28






Introduction

Regional SMEs’ associations often receive claims from their Associates on the high cost of the
energy requested for their processes, but the suggestion of implementing an energy audit is
often not set in action due to various reasons:

e Unwillingness to spend money for an energy audit without certainty of the result;
e Worries on leaks of information regarding process features (confidentiality leakages);
e Lack of finance available for future investments on energy efficiency.

The project objective is to demonstrate that a more effective solution is possible and prac-
ticable, provided that the solution is found jointly by several SMEs’ associations, in several
countries characterised by similar difficulties (operating as a regional scale project, namely in
Central Europe).

The expected output is the performance of at least 50 energy audits per region, developed ac-
cording to the same approach and methodology, operated by trained professional staff.

The methodology is based on:
e Horizontal approach, covering many industrial sectors;
e Two-step audit.

e Use of existing well experienced manuals on energy audit in industry (for example the
CHANGE manual);

Application of tested training packages (for example using the CHANGE experience on pre-
checks, or the ENFORCE training experience in buildings);

Use of the benchmarks made available by the 35 BREFs manuals of IPPC (www.eippcb.jrc.es),
translating and adapting the sectoral benchmark values available for each technology for use
by the energy auditors;

Using existing and available technical tools, the project concentrates on organisational aspects,
developing well targeted promotional campaigns, and accompanying financial packages to as-
sist entrepreneurs in the following implementation phase. Parallel contacts are developed with
ESCOs capable of offering turn-key solutions paid with the saved energy and regional govern-
ment to reinforce guarantee funds for SMEs.

As the project wants to set up a sustainable system, lasting beyond the end of the project,
the IEE contribution is used for start up costs only (training, documentation, methods, external
assistance, monitoring and evaluation), while the simplified (first step) energy audits are under
responsibility and cost of the energy auditors themselves, who will use these audits as a pro-
motional tool.


http://www.eippcb.jrc.es

This approach removes the first obstacle identified above. A confidentiality agreement is signed,
as part of the energy auditor code of conduct, thus removing the second barrier. The financial
packages, made available through the agreement with regions, will remove the third obstacle.
The competitive advantage of the energy auditors having performed the free-of-cost simplified
energy audit compensates largely the risk of losing some of the audited clients.




Scoping

The ERASME Handbook is conceived as a tool for the energy auditors while visiting the client’s
premises, and during the analysis and diagnosis phases.

The Handbook is focused on Small and Medium Enterprises (SMEs), which do not have an inter-
nal specialist for energy management and need an external support not only for the diagnostics
but also for designing the main measures, selecting the necessary suppliers and supervise the
implementation works.

The two-phase approach proposed by the ERASME project requires some specific skills:

e Realising during a short “walk-though” in the factory the main elements leading to
some simple measures at zero- or low-cost, to be immediately realised, and some more
relevant investments to be more carefully planned.

e To produce a user-friendly report containing the above mentioned suggestions in a
short time after the on-site visit.

e Performing, when requested, a more detailed cost effectiveness analysis of the main
investments, coupled with a financial package, based either on a bank loan, a public
low-interest loan, or on an ESCo intervention.

e Preparing the essential drawings and specifications for asking offers for the required
equipment and installation.

e Negotiating the financial packages and/or preparing the required applications.
e To have the capacity of selecting the best offer and motivate the choice to the customer.

e To have the experience for supervising the works during installation up to the final
commissioning.

The main limitation of this approach is that it is not normally suitable for big enterprises, who
already have their internal or habitual external consultants.



Strategic Approach of the ERASME project

The overall strategy recommended by the project is based on the integration of different mea-
sures for supporting an energy management process in the SMEs.

The main components of this strategy are:

Organisation of local meetings of groups of concerned SMEs for sharing experiences
and learn from good practices (case studies);

Production of a diversified number of guides, aimed at specific topics of common inter-
est, like ventilation, motors and pumps, energy management organisation.

Selection of case studies of successful energy efficiency improvements in a SME, pos-
sibly at local level;

Simplified energy audits at nearly zero cost combined with more extensive feasibility
studies at a fixed rate;

Providing continuity to the local network.

The criteria for a successful strategy are transparency, competence and continuity.

The transparency means to state clearly which services are proposed and which are the in-
volved costs.

The services provided free-of-cost under the ERASME project are:

Supply of guidelines for saving energy by a change of behaviour;

The development of a simplified energy audit (energy survey or pre-audit).

A report of the simplified energy audit indicating the areas where energy saving may be
obtained (including low- or zero-cost measures and recommended investments) and
the proposal for further steps, with description of the services and prices.




The additional services offered within the ERASME project, beyond the free-of-costs services
(described above), are:

e A detailed audit, with technical and economic feasibility study, for the suggested and
approved investments;

e The financial packages available for supporting the investments (low-interest bank

loans, TPF, public revolving funds);

e Training of SME’s personnel when required;

e Design of the systems implied by the investments;

e  Supervision of works during installation of the designed devices;

e Monitoring of the energy results after installation of the devices;

e The pricelist for these services, based on the energy annual expenditure of the com-
pany and amount of expected annual savings, may receive a rebate up to 50% using
ERASME project resources.

e The supply of services by ERASME is conditioned by the use of the accredited energy
expert, signature of a confidentiality agreement and approval of the code of conduct
of the energy expert.

The implementation of this strategy is better described in the following chapter, indicating the
tasks committed to each actor.



Commitments of the Involved Actors

Partners

The ERASME partners, i.e. the organizations having signed the EU-CIP-IEE Grant Agreement,
have the following tasks:

To spread information at regional level on the ERASME opportunities for SMEs;

To organize meetings with groups of SMEs, in number of 10-15 local companies, where
local means within a radius of about 50 km from the meeting point;

To organize the ERASME local network, producing documents, organizing periodical
meetings for case-study presentation, sending periodical newsletters;

To train and accredit the ERASME energy auditors;

To exert a control on energy auditor’s activity, at least in terms of filing a summary of
the energy audit reports and of the implemented investments and achieved savings.

Auditors

The ERASME energy auditors, i.e. the experts having attended the ERASME training course,signed
the code of conduct and signing the confidentiality agreement with the SME to which they pro-
vide services, have the following tasks, concerning the Phase 1 (free-of-charge):

To contact the SME, after having received the commitment from the ERASME partner;

To identify the energy reference person in the SME and have a preliminary interview
with him;

During the interview with the reference person, filling up a check list concerning the
main information about production and energy consumption (see for example the
CARE project step 1, 2 and 3);

To perform a walk-through of the production site, filling a second check list concerning
features of equipment, components and systems;

To produce a short report for the company and a publishable summary for the ERASME
regional partner. The report includes recommendations concerning low or zero-cost
measures,




Concerning the second-phase, based on a fee, the following tasks have to be performed:
e To sign a standard contract defining services and fees;
e To define the subject of the feasibility study;

e To visit again the production site in order to acquire detailed data concerning the iden-
tified investments;

Companies

e To deliver the necessary data to the energy auditor;

e To accept a preliminary gentleman’s agreement where the company engages into con-
sidering acceptable to commit in energy investments demonstrated to have a simple
payback time of less that 3.5 years;

e To evaluate the energy survey report (pre-audit) according to the preliminary agree-
ment;

e If the energy survey report is approved, to commit in an energy management proce-
dure and select investments leading to at least 12% fossil fuel energy substitution;

e The commitment is accompanied by the signature of a contract with the energy auditor
for one or more of the additional services described above;

e Incase the energy survey report is not approved, and no contract signed, nothing is due
to the energy auditor.

Coordinator and WP Leaders
e To periodically revise the ERASME handbook;

e To search and make available to the energy auditors new tools, information and refer-
ences freely available on the web;

e To collect the publishable auditing reports for dissemination in the framework of the
ERASME project contract with EACI.




SMEs Energy Audit methods

The ERASME approach is described by 5 following tasks.

Task 1. Collection/gathering of interested SMEs.

The local regional partner (enterprise association or regional development agency) defines a
mailing list of SMEs to which send the invitation to participate in the ERASME Energy Audit
campaign. The invitation is best sent by the SMEs’ Associations for privacy reasons and to ob-
tain a larger confidence in the received message by the target enterprise. The text of invitation
will outline the advantages for the SMEs in receiving a free first-phase energy audit, and only if
really interested to commit to the energy auditor the feasibility study and identification of the
financial solutions for the intervention deemed interesting by the company itself. The expected
rate of positive responses to the invitation is 10%.

Task 2. Planning the energy audits.

Once every regional partner has received feedback from the invitation, it assigns the first-phase
free-of-cost energy audits to the auditors qualified in WP 4. The initial average number of as-
sighments per auditor is about 3 (the minimum of 50 audits divided by 17 foreseen qualified
auditors).

Task 3. Implementation of ERASME audits (first step).

The first-phase energy audits is accomplished in a period of less than 1 month. The first step of
the energy auditing scheme is intended as a promotional action, lasting about 4 hours including
travelling, where the energy auditors performs a quick “walk-through” in the factory, registers
elements for identify some simple improvements at zero- or low-cost, and selects a possible
investment to be proposed to the clients in a few days, proposing a simple economic-financial
calculation. The auditors use a standard reporting format (presented in Annex 6.4). The Hand-
book helps simplifying the first step audit. The first-phase audit will end with the presentation
of the report to the SME.

This no-cost first step preparatory of deeper energy audits is attractive for SMEs, but also en-
tails some risks.

It may not be easy to attract experienced auditors to work for free for this first step.

A low rate of success of the first step will entail higher costs for the energy auditors and preju-
dice the economic return of the whole operation.

The first risk can be minimised by a suitable training course, ensuring quality. Moreover, even
an experienced auditor will consider this visit as a commercial step, necessary to convince the
client.

The second risk can be managed making cautious assumptions: considering a success rate of
40%, an addition of 30% in the cost of the second step (involving 5 days work) could compen



sate the half day lost in the first step (0.5 / 40% = 1.25 days; 1.5 days / 5 days = 30%)

Task 4. Implementation of ERASME audits (second step)

When the SME shows interest in the measures proposed by the energy auditor (expected rate
40%), he presents an offer for the second-phase audit, characterised by the feasibility study of
the intervention and the application form for the financial package according to the requested
procedures. The price list for the second phase audit will be agreed in the Advisory Committee,
and the energy auditors will have to respect the standard price. The Energy Auditor will prefer-
ably contact preliminarily the Financial Institute selected for the region by the regional partner.
The second-phase energy audits will be accomplished in a period of max 2 months.

Task 5.5 Application for loans to financial institutes.

If the client approves the report of the second-phase energy audit (expected rate 50%), the
energy auditor will complete his work presenting the application to the Financial Institute on
behalf of the SME.

Phase 1: Pre-audit
(conditions for operating this phase, time duration, objectives to reach)

There are several examples of easy-to-use manuals for performing quick energy audits in SMEs,
based on an on-site visit lasting a short time.

Most manuals are based on a check list of verifications, concerning the utilities/services of com-
mon use (water, heat, lighting, power supply, compressed air), and checks of the most usual
equipment (electric motors, engines, controls, dryers, painting units, etc...).

This handbook wants to couple this “common uses” approach with a set of specific processes,
selected by the partners according to the regional specialisations, where the main transforming
techniques, the energy benchmarks, the best available techniques for substituting the old ones,
are presented. This material is presented in Annex 6.1 and 6.2.

The suggested use of this material is:

e To read before entering the factory the section relevant for the sector to which the cli-
ent factory belongs, together with the pages concerning the “horizontal” approach on
energy efficiency.

e To note the available benchmarks (for example kWh per ton of product of the specific
technique).

e To ask the necessary data for calculating an energy indicator to be compared with the



e benchmark to the person in charge of energy accounting, during the on-site visit.

e Todiscuss with the responsible person the comparison of the indicator with the bench-
mark, asking its advice for changes of equipment of techniques, based on the descrip-
tion provided in the annex.

Verify the interest for new technologies (for example renewable energies) based on the opin-
ion of the responsible person or based on the auditor suggestion (in order to avoid a sense of
surprise when receiving suggestions in the report).

Walkthrough analysis
Drafted by ECUBA

It takes part during an on-site inspection, there will be checklists and forms pointing out the
most commons losses of energy and their remedies. Instructions and step by step procedure.

The following guide for a walkthrough analysis is reproduced from a very user-friendly tool,
produced by Christopher B. Milan, PE, CEM, Mechanical & Civil Engineer, Bonneville Power
Administration, Energy Efficiency Department, 905 N.E. 11th Avenue, Portland, Oregon 97208,
503-230-3611, cbmilan@bpa.gov.

The original guide is downloadable freely at:
http://www.oregon.gov/ENERGY/CONS/Industry/docs/AuditGuide.pdf?ga=t

In annex 1 is reported an adaptation to the EU units.




Pre-audit report

The pre-audit report is based on the information during the preliminary interview and the
walkthrough analysis. It suggests zero/low cost remedy-measures, and identifies the possible
investments, listing them by cost size and estimated simple payback back (SPB). The pre-audit
suggests for the prioritised investments the possible financial opportunities. Finally it presents
a contractual proposal for a detailed-audit with feasibility study, including additional services
for the measures design, the filling-in of the application forms for the request of grants or loans,
and for supervision of works.

Outline of the erasme SME energy audit report
Contents
Project Background
Executive Summary
1 Introduction & General Description
2 Energy Performance of the Business
3 Previous Data & Benchmarks
4 Monitoring & Targeting
5 Survey
5.1 Heating & Hot Water
5.1.1 Solar systems
5.1.2 Ground source heat pump
5.1.3 Biomass boiler
5.1.4 High efficiency oil/gas fired condensing boiler
5.2 Building Fabric & Insulation
5.3 Lighting (indoor and outdoor)
5.4 Electrical Equipment

5.4.1 Motors and pumps



5.4.2 Ventilation
5.4.3 Compressed air
5.4.4 Refrigeration
5.4.5 Catering
5.4.6 Office and auxiliary equipment
5.4.7 Other supporting systems
5.5 Renewable Electricity and Co-generation Options
5.5.1 Photovoltaic systems
5.5.2 Biomass cogeneration
5.5.3 Wind generators
5.5.4 Micro and mini co- or tri-generation.
6 Recommendations
6.1 Suggested Action Plan
6.1.1 Action plan: no cost measures
6.1.2 Action plan: low cost measures
6.1.3 Action plan: capital cost measures
6.2 Table of Costs & Savings of Measures
6.3 Targeting
6.3.1 Knowledge of the energy consuption
6.3.2 CO2 emissions
7 Raising Awareness

8 Proposals for Action Plan implementation.




Notes

The Action Plans are presented in table form, including the action description, the required hu-
man resources, the costs, the required external assistance, the envisaged saving in kWh/y and
Co2/y, and the SPB.
The proposal for Action Plan implementation will contain:

e Available tools, possibly supplied by the partner,

e detailed-audit with feasibility study,

e measures design,

e filling-in of the application forms for the request of grants or loans

e supervision of works.

Phase 2: Detailed-audit

(conditions for operating this phase, time duration, objectives to reach, costs, evaluation of
investments, cost/benefit analysis)

Thorough data collection:

After the first inspection, the auditor contacts the customer and requests more information
(consumption bills, hours of usage, power of the machineries, etc.). Proposal of a standard re-
quest form. (ECUBA)

Technical and Financial Feasibility

Synthetic description model of how to present the switch to the new suggested investment,
underlining the economic aspects.(ECUBA)



Financial package

Catalogue of the best financial package(s) available for affording the proposed investment
(banks, incentives, contracts, agreements, etc.)- materials should be provided by WP3. (CNA)
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European funds

In this section please insert the mapping of the funds available at European level.

European Investment Fund (EIF)

The statute of the European Investment Bank (EIB) entitles the board of governors
of the European Investment Bank to decide unanimously to establish a European
Investment Fund (EIF). The EIF was created with a decision of the board of governors
taken on 25 May 1993 and became operative in 1994. The statute defines its aims,
structure, capital, partners, financial resources, intervention tools, control regula-
tions, as well as the relationship among the bodies of the EIB and the European

Investment Fund.
Pursuit of Community objectives

The main objective of the EIF is to support the creation, growth and development
of SMEs through risk and guarantee capital tools. The EIF can implement its own
activities within the territory of the Union, in the candidate countries which already
have an ongoing accession process, in EFTA countries and in countries adjacent to

the European Union in case of cross-border projects.

The Fund pursues the Community objectives through:

the provision of guarantees as well as of other comparable instruments for
loans and other financial obligations in whatever form is legally permis-
sible;

the acquisition, holding, managing and disposal of participations in any
enterprise subject to the conditions laid down in the agreement of the
General Meeting of EIF;

other activities connected with or resulting from EIF’s mission, which may
include borrowing operations.

For this purpose, the statute establishes an initial capital of 2 billion euros, which
can be increased upon the decision of the General Meeting taken with an 85% ma-
jority of votes cast. In the event of an increase in capital, each member will have the
option to subscribe to a fraction of the increase corresponding to the ratio which

existed between the shares subscribed to by that member and the capital of the



Fund before the increase. The members of the Fund will be liable for the obligations
of the Fund only up to the amount of their share of the capital subscribed and not
paid in.

National funds

In this section please insert the mapping of the funds available at national, regional and local
level. The existence of revolving funds.

Please refer to the national Handbook.

Regional funds

Add specific text for your region

Local funds

text

Some examples of banking products for energy
efficiency

In this section please insert the mapping of banking products available in each country to fund
energy efficiency investments for companies. Choose the best opportunities.

Investment’s business plan

This section contains the description of a first check-list of the pieces of information
to be collected in order to define all the parameters needed for the writing of a busi-

ness plan for the energy efficiency investment.

The company

In this section it is necessary to describe:

1. The company, its history, the highlights of the most significant changes in
recent years

2. The team, the business culture and the human resources


http://www.erasme-project.eu/docs/Pages/default.aspx

10.

The leadership, the turnovers, the changes occurred in organization
The product/service with a focus on specialization

The sector the company belongs to

The competitive context and future scenario

The reference market

The location of customers, suppliers and competitors

The strategy and investments for the future

The innovation, the nature of innovation, how it was funded and how it is
supported

Resources, sources, credit and risk assessment
In this section it is necessary to assess the forms of financing:

invested capital: the total of the resources needed to start up and manage
the project

sources: forms of financing considered

sinking plan and capital remuneration: how to reimburse the loan capital
and with which return

credit assessment: comparison between absorbed capital and generated
capital.




Economic and financial schemes, management con-
trol and investments analysis

Economic and financial schemes:

In this section it is necessary to define the structure of the calculation to be fol-

lowed:
Hypothesis at the base of the data exposition:

define the list of the main rules for the projection of the economic and
financial results;

highlight the main rules having a significant impact on results.

financial analysis: support tools for the cash-flow analysis, cash flow, fi-
nancial break even

economic analysis: projections of sales and stocks, economic break even,
amortizations, revenue account, balance, index.

Management control

The investment project must include control mechanisms able to
supply information on performance, aimed at a constant surveil-
lance of costs.

The levels of analysis must be both operative and strategic.
Assessment of investments

In this section it is necessary to highlight some tools allowing to
integrate a calculation method with the profitability analysis and

financial solidity of the project, and present the chosen method to
assess the investment project.



Preparatory analysis for the definition of energy
consumption

In this section it is necessary to collect information concerning energy consumption.

Collect information concerning:
produced/manufactured items

data obtained from the energy bill (annual consumption, power, expense
for the purchase of electric energy)

data concerning the energy obtained from a renewable source:(source,
power, obtained energy (used and sold), annual cost)

data concerning the electric energy obtained from a non-renewable source:
(source, power, obtained energy (used), annual cost)

data concerning the production of thermal energy from a renewable source
(source, annual consumption, power, annual expense)

data concerning the production of thermal energy from a non-renewable
source (source, annual consumption, power, annual expense)

data concerning the production of energy from co-generation (source, an-
nual consumption, power, annual expense, thermal energy obtained and
electric energy obtained).




Summary scheme of the intervention to be implemented:
1. ex-ante analysis
2. ex post analysis

3. summary of the intervention to be implemented






Annex 1 - Walk-Through Energy Audit Guidelines

The search for available tools, providing Guidelines for a Walk-through Energy audit, led to par-
ticularly suitable guide developed in U.S.A. by Bonnevile Administration.

The Guide is downloadable freely at:

http://www.oregon.gov/ENERGY/CONS/Industry/docs/AuditGuide.pdf?ga=t

In the following pages the guide has been fully reported, with some adaptation from the origi-
nal document by Marcello Antinucci, and a further adaptation by Daniel Caratti.

A Guidebook for Performing Walk-Through Energy Audits of Industrial Facilities

Audit informations

Facility Name
Address
Facility Contact

Facility Phone
Date of Audit
Audited by
Auditors Phone



%20http:/www.oregon.gov/ENERGY/CONS/Industry/docs/AuditGuide.pdf?ga=t

Acronyms

Acronyms
1[AC Alternating Current
2 [ ACMF Actual cubic meters per hour of air flow
3 | ACMF-FAD Air flow before filter (Free Air Delivery)
4 1VSD Variable/Adjustable Speed Drive
5| ASME American Society of Mechanical Engineers
6 | BHP Brake Horsepower
7| BPR Back Pressure Regulator
8 | CAGI Compressed Air and Gas Institute
91 cu.m. Cubic Meters
10 | CFL Compact Fluorescent Lamps
11| CFM Cubic feet per minute of air flow
12| csl Current Source Inverter
13| co Carbon Monoxide
14| cw Cool White Fluorescent Lamps
15| DC Direct Current
16| °C Degrees Centigrade
17 | HPS High Pressure Sodium
18| HO High Output
19| HP Horsepower
20 | HTD High Torque Drive
21 | HVAC Heating Ventilation and Air Conditioning
22 | ICFM Air flow at inlet flange
23 | IESNA [lluminating Engineering Society of North America
24| LPA Liquid Pressure Amplifier
25| MH Metal Halide
26 | 02 Oxygen
27| PCB Polychlorinated Biphenyls
28| P Pressure in MPa
29| Pa P absolute, which is 0.1MPa at sea level
30| Pg P gauge, referenced to atmospheric pressure
31 [ SCFM Equivalent air flow at Standard Conditions
32 {PWM Pulse Width Modulated
33| vsl Voltage Source Inverter
34 | WW Warm White Fluorescent Lamps
35 | WWX Warm White Deluxe Fluorescent Lamps




Introduction

The purpose of this guide is to introduce the user, both technical and non-technical, to com-
mon opportunities that may be found in an industrial facility to reduce the electrical energy
consumption. It has not been developed as a sole reference to support the user in completing
an analysis; but it has been developed to be an aide in the first and perhaps most critical step
in performing an audit: touring the facility and quickly identifying energy savings opportunities.

For the technical user this guide can help determine where to focus their effort for a detailed
energy audit. For the non-technical user this guide will assist them in developing a list of poten-
tial energy saving opportunities to refer to qualified personnel for additional study. This guide
may also be used as a checklist when conducting a phone survey with a facility to determine
whether or not a detailed energy audit is necessary. Additional copies of this guide are avail-

able from the Bonneville Power Administration, Energy Efficiency web site at http://www.bpa.
gov/indexmain.shtml

This guide was developed by:

Christopher B. Milan, PE, CEM, Mechanical & Civil Engineer, Bonneville Power Administra-
tion, Energy Efficiency Department, 905 N.E. 11t Avenue, Portland, Oregon 97208, 503-
230-3611, cbmilan@bpa.gov

Disclaimer

The contents of this report are offered as guidance. Neither the United States Government
nor the Bonneville Power Administration, nor any of their contractors, subcontractors, or their
employees, nor any agency thereof, make any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, process or software disclosed within this report. Reference herein to any
specific commercial product, process, trade name, trademark, manufacturer, or others does
not necessarily constitute or imply an endorsement, recommendation or favoring by the United
States Government or any agency thereof. The views or opinion of authors expressed herein do
not necessarily state or reflect those of the United States Government or any agency thereof.
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Maxwell for sharing the wealth of information contained in his OSU Masters Thesis “Improving
Part Load Efficiency of Screw Compressors”. Most of all, | would like to thank the plant engi-
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in keeping their plants running as efficiently as they can every day with the resources available.
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Lighting Systems Material Handling Systems

p—
o
note

“=== General Notes
Use binoculars to identify high bay lights — particularly fluorescent lights.
Another method to identify the type of lights installed is to check the stockroom.
Light output from a light source is measured in lumens.

Lumens/Watt is the ratio of the amount of light produced per the input energy. The larger this
ratio, the more efficient the fixture is.

The amount of light “available” at a particular location is measured in foot-candles (lux) by a
hand held light meter.

Please refer to the following Web Sites for additional information:
http://www.eren.doe.gov/femp/greenfed/index.html,
http://www.northwestlighting.com/,
http://www.Irc.rpi.edu/NLPIP/Online/index.html,
http://ts.nist.gov/ts/htdocs/210/214/scopes/eelit.htm

Helpful reference tables are listed below:

Common Light Source Charateristics

. Full Avg. Lamp
L /
type Color umens/ | Restrike | ot | Life (1000

Watt (Min.) (Min.) Hours)

Incandescent Warm yellow 8-24%* - - 0.75-3.5

Varies, a lot of op-

tions are available 60-100 ; - 7.5-20

Fluorescent

Very blue white -
Mercury Vapor tends to get greenish | 35-55 3-7 3-7 10-24
with time




“White”, significant

Metal Halide . L 60-100 7-15 2-5 6-20
color shift with time
High Pressure So- Yellow Orange 40-125 | 2-6 <1-2 7.5-2.4
dium
Low Prfessure So- VERY monochroma— 70-180 ) 7-15 10-18
dium tic yellow

* The most common incandescent lamps yield approximately 17 lumens/watt.

Additional info on LED lamps: available as warm white or cold white, 70-100 lumens/Watt, Re-
strike immediate, full output immediate, lamp life 50-60.000 hours (but shorter life for the DC

power supply).
Variations in Fluorescent Lamp and Fixture Choices
Relative Energy Consumption for same
Lamp Ballast lighting level as standard lamp and magne-
tic ballast
Standard | Standard Magnetic 100%
Standard | Efficient Magnetic 87%
Standard | Electronic 75%
Efficient | Standard Magnetic 90%
Efficient | Efficient Magnetic 80%
Efficient | Electronic 68%
T8 Matched Electronic Ballast 56%

Example: By changing from standard fluorescent lamps with magnetic ballasts to energy effi-
cient T8 fluorescent lamps with electronic ballasts, the energy consumption can be reduced by

approximately 50 percent, while still maintaining the same light level.

@ look or ask

Are lights on in unoccupied areas?

Yes []

No




Is the exterior lighting on during the day?

Yes [ | No L]
Manually turn off lights.

Because there is no investment this can be the simplest most cost effective method to save on
lighting energy.

@ This measure is only as reliable as the operator(s).

Install occupancy sensor or photo electric sensors.

This offers a more reliable method to obtain savings as it is not operator dependant. Typical
applications are pump houses, meeting rooms, bathrooms, warehouse, or storage areas. (one
photo sensor can operate multiple light fixtures).

Replace high pressure sodium(HPS) lights in low use areas with fluorescent
lights for quick on and off control.

Although HPS lights can operate more efficiently, their long re-strike times can make them a
poor choice for low use areas. Because they take so long to warm-up, they are frequently left
on continuously.

Replace or maintain faulty photocontrols.

Often when lights are on during the day it turns out that photocontrols are already installed but
have become inoperable.

Are existing lighting levels higher than the recommended levels?

Use a hand held light meter to measure the amount of light available in work areas. Hold the
meter at work level. Refer to the table below for recommended lighting levels. For additional
information, refer to the Illuminating Engineering Society of North America (IESNA) guidelines
at http://www.iesna.org/ for more details.

Common Lighting Requirements™
Foot-
Type Foot-candles Type candles
Assembly/Inspection Warehouse
Simple 20-50 Inactive 5-10
Moderate 50-100 Active
Complex 100-200 Large Items | 10-20
Very Complex 200-500 Small Items [ 20-50




Exating 500-1000 Boiler Room 20-50

Machine Shops

Rough Bench 20-50
Fine Bench or Machine work 200-500
Control Room 20-100 Corridors, Lobbies 10-20
Mechanical Room 20-50 Office 40-100

*Multiply foot-candles by 10.76 to obtain the value in lux. For more detailed values look at the
GUTH tables in Annex 4.

Reduce lighting levels where appropriate.

It is common for some areas to have excessive lighting; particularly warehouse space, walk-in
freezers, and hallways. There are a number of strategies for reducing lighting: lamps can be
removed (for fluorescent fixtures the ballast will still consume some energy), fixtures can be
rewired to allow partial to full lighting, or new efficient fixtures can be installed with a reduced
design point for the lighting level. The voltage can be reduced for all lamps under the same
board switch, using a voltage control unit.

@ Lighting level may be perceived as a “health and happiness” issue. Even if an area may
have higher lighting levels than recommended by IESNA it may go against the local culture to
reduce lighting.

Reduce overall lighting and install task lighting.
This approach can provide better lighting at the point of use, while reducing the overall lighting

in an area.

@ Unless task lighting is installed to be easily modified, an excellent task lighting layout can
quickly become obsolete as manufacturing operations and layouts change.

Yes [] No []

Are incandescent lights installed? Replace incandescent lights with T8 Fluorescent lamps and
matched electronic ballasts.

The fluorescent fixtures of today are extremely rugged and versatile. These fixtures can
operate in ambient temperatures down to -36°C, can be operated as Bl-level lighting or dimmed
without reducing the rated lamp life. These fluorescent fixtures provide flicker-free operation
and can operate with Total Harmonic Distortion of less than 5 percent and Power Factor greater
than 90 percent.



Energy consumption can be reduced by 50 percent.
Replace incandescent lamps with compact fluorescent lamps (CFLs).

Compact fluorescent lamps offer a quick and simple opportunity to retrofit to more efficient
lighting.

Estimate 80 percent increase in efficiency,.
_ For persistence of savings, fixtures that can only accept CFL’s should be installed.

Replace high bay incandescent fixtures with high pressure sodium (HPS) lamps
in areas where the colour of the light is not important.

Estimate 80 percent increase in efficiency.z

_ Some might not like the yellow orange light. It may also be unacceptable where good colour
recognition is required (Example: a product inspection/grading area).

_ HPS lamps take time to re-strike and then come up to full output when first turned on.
Replace incandescent fixtures with higher efficiency metal halide (MH) fixtures
in areas where colour is important such as product grading areas.

MH lamps offer a “white” light preferred by some. Generally they are not as efficient as HPS
lights.

Estimate: 80 percent increase in efficiency.2
_ MH lamps also take time to re-strike and come up to full light output when first turned on.
Are standard fluorescent lamps installed?

Replace standard fluorescent and magnetic ballasts with T8’s and matched
electronic ballasts.

Estimate: 35-45 percent increase in efficiency. 2

_ It can be problematic to have T8 and standard fluorescent fixture at the same facility. Al-
though standard fluorescent lamps fit in T8 fixtures, the ballasts are not matched and may
create problems.

Replace fluorescent fixtures with low bay MH fixtures.



MH lights are more commonly chosen for their white light than their efficiency. Savings will only
be available for specific selections of MH fixtures. For some combinations of existing fluores-
cent fixtures replaced with metal halide fixtures, energy use could increase.

Are magnetic ballasts installed on the existing fluorescent lights?
Install electronic ballasts.
Estimate: 10-25 percent increase in efficiency.
_ It can be difficult to determine the type of ballast installed without a visual inspection.
Are Mercury Vapour lights installed?
_ Inthe past, Mercury Vapour lights were selected because of their long lamp life.

These lamps are not energy efficient because as they age, their lumen output decreases but
they continue to consume the same amount of energy.

Replace Mercury Vapour fixtures with higher efficiency metal halide (MH) fix-
tures in areas where colour is important such as product inspection areas.

MH lamps offer a “white” light preferred by some. Generally they are not as efficient as HPS
lights. Estimate: 80 percent increase in efficiency.?

_ MH lamps take time to re-strike and come up to full light output when first turned on.

Replace Mercury Vapour fixtures with T8 Fluorescent lamps and matched elec-
tronic ballasts.

_ Again, the fluorescent fixtures of today can handle temperatures down to OF, can be operated
as Bl-level lighting or dimmed without reducing the rated lamp life. These fixtures can provide
excellent color rendering for areas that require this, such as inspection areas.

_ The mounting height for these fixtures may have to be lowered in order to achieve adequate
light distribution. This could create interference problems with overhead cranes.

1 Efficiency increase estimates assume maintaining same lighting level.




A. Motors, Belts and Drives
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' General Notes

For additional information, please refer to the following web sites:

http://www.execpc.com/~hgmurphy/, http://www.oit.doe.gov/bestpractices/, http://www.ecw.org

Some rules of thumb to estimate the electrical energy use of motors*:

Estimates regarding motor operation

Cost to operate a motor at 75% load for a full year

$60/horsepower (HP)

Electrical Power Requirement

3 kilowatt (kW) for each

5 HP of motor loading

Full Load Amps for a 460 Volt 3 phase system™**

1.2 amps for each HP of

motor loading

Full Load Amps for a 230 Volt 3 phase system™**

2.4 apms for each HP of

motor loading

* Assumes motor is 75 percent loaded and has a full load efficiency of 90 percent. Average EU
industrial price € 0.10/ kWh for electricity (2 GWh/y), motor runs eight hours a day (one typi-
cal shift), five days a week, 50 weeks a year. Cost to operate a 1 kW motor becomes 192 €/kW.

** Full load amps may be stamped on the motor nameplate.

The following table can be used to estimate motor costs and efficiencies:*

Estimating Motor Cost and Efficiency

Premium for Annual Sa-
Cost for Standard . . . .
Motor Horsepower | Motor per Horse- High Efficiency | Increase in | vings (for one
Motor per Hor- | Efficiency shift at full
power
sepower load)
5HP-10 HP $55-$70 per HP | $13 - $20 per HP | 5.0% - 3.5% $5'(;2r'3§‘°°
15 HP - 30 HP S55-560 per HP | $10 - $15 per HP >ame as »4.50 - $3.00
above per HP
40 HP - 125 HP same as above same as above |3.5%-3.0% 53'22;35'50
150 HP - 300 HP same as above same as above 2.0% $2.00 per HP




*This table is only intended for field estimates of potential savings. To convert cost from $/HP
to €/kW multiply the values by 1.07. To convert savings from $/HP to €/kW multiply the values
by 3.2.

The Directive 2005/32/CE ‘Ecodesign’ — and the standard EN 60034-30 define in EU
the new classes of energy efficiency for asynchronous 3-phase motors:

IE1 (standard efficiency): equivalent to the previous level Eff 2
IE2 (standard efficiency): equivalent to the previous level Eff 3

IE3 (premium efficiency).

Go to: http:// www.motor-challenge.eu/ .
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http://www.motor-challenge.eu/

Motors have relatively constant power factor and efficiency down to approximately 50 percent
of full load (within +/- 5 percent), then power factor and efficiency degrades rapidly.

*Larger motors are typically more efficient than smaller motors.

The installation of Variable Speed Drives (VSDs) or Variable Frequency Drives (VFD) may in-
duce harmonics into the electrical distribution system. A system with many capacitors installed
can be particularly vulnerable unless “tuned” by a professional. Some installations are rela-
tively insensitive; others are VERY sensitive to this problem. Be particularly careful if a facility
already has experienced power quality problems, such as, equipment tripping off (switching
off), computer glitches (technical problems), unusual motor or light ballast failures, overheated
transformers or capacitors, high 3 phase neutral currents or significant neutral to ground volt-
age. Also be careful in facilities with heavy rectifier loads - charging equipment or induction
furnaces, or significant computer and other electronic loads.

Existing motors can be overheated by VFDs (for more information refer for example to http://
motors.automationdirect.com/Information/compare.html ).

*There are three types of VSDs: Voltage Source Inverter (VSI), Current Source Inverter (CSl), and
Pulse Width Modulated (PWM). Refer to http://www.tntech.edu/files/cesr/StudThesis/asuri/
Chapter2.pdf for more information.

fE\ look or ask ?

Are standard efficiency motors installed?

Yes [] No []

Replace standard motors with high efficiency motors.

Even if specific motors have been identified as targets for replacement with efficient motors
it may not be economical to replace them immediately. In such cases it is a useful strategy to
mark them so it is clear that an efficient motor should be used when replacement is required
for other reasons:


http://www.tntech.edu/files/cesr/StudThesis/asuri/Chapter2.pdf
http://www.tntech.edu/files/cesr/StudThesis/asuri/Chapter2.pdf

For 5 to 30 HP motors estimate 5 percent to 3.5 percent increase in efficiency.
For 40 to 125 HP motors estimate 3.5 percent to 3 percent increase in efficiency.
For motors 150 HP and above estimate 2 percent increase in efficiency.

The annual energy cost savings can be estimated by the following equation:

1 _|
ES=746xHpx %L x NxCx —
ESm:iEﬁ' EH:’g.&E_ﬁ"

Where:

ES = The annual energy cost savings(S/yr)

Hp = Motor Horsepower

%L = Percent Motor Load divided by 100

N = Annual Hours of Operation at this load

C = Cost of electricity (€/kwh)

E . = Standard Motor Efficiency, as a fraction

E = High Efficiency Motor Efficiency, as a fraction

High Eff

Are standard drive belts (V-belts) installed?

Yes [] | No L] |

Replace standard V-belts that are notched and/or sheaves with high torque drive (HTD)
V-belts.



The slightly increased cost of notched V-belts should be offset by an increased life expectancy.
Notches on the inside radius of the belt reduce energy loss and heat generation caused by com-
pressing and decompressing the belt as it arcs around the sheave.

A A A

HTD belt.

Estimate: 2 percent increase in efficiency.
HTD belts and sheaves must be replaced because the teeth in the belt mesh with a matched
sheave.

Estimate: 4-8 percent increase in efficiency [use 5 percent].

: : HTD belts offer no slip under stress and can damage equipment prone to jamming - such
as conveyors. During start-up, high torque levels can be induced on the motors and shafts.

: : HTD belts can increase sound levels significantly. As sheave rotates, air trapped between
belt and sheave is driven out abruptly.

Are motors running during periods when the equipment or process they are driving is idle?

Yes L] No []

Reduce equipment operation time to minimum required.

Turn off equipment during lunch and breaks, or other times when it is not required.

@ This measure is only as reliable as the operator(s).

Interlock equipment with a related process.

ERASME



If a particular piece of equipment is dedicated to specific process that requires additional equip-
ment, they can all be interlocked so all will be de-energized when the operator turns off one
piece of equipment.

Operate equipment such as a grinder in batches then shut off.

A piece of equipment like a grinder may run continuously although material only runs through
it occasionally. An alternative approach with no installation cost is to allow material to collect
and assign someone to periodically turn it on to process the material in batches.

@ If material collection is left unmonitored, the collection bin can overflow requiring ad-
ditional labor for clean up. Jamming problems could also develop.

@ Batch processing also has potential for increasing demand charges if the equipment is
more heavily loaded.

Install timers, level sensors, material sensors, or other controls for automatic operation
and/or to shut off equipment as required.

For example: Install material sensor and timer on equipment such as a grinder — set to turn on
with set accumulation of material and turn off after allowable idle time.

: : Care must be taken to avoid creating a safety hazard.

Does the facility utilize DC generator sets to provide variable speed control of equipment?

Yes [] No []

Replace generator sets with solid state variable speed drives.

Before the advent of relatively inexpensive solid state variable speed drives, DC Generator sets
were commonly used to achieve variable speed control and to provide high start up torque on
a piece of equipment such as a de-barker in a lumber mill. Solid state VSDs are typically more
efficient and will provide soft starting of equipment. However, a DC Generator can make up
for lower efficiency by providing a regenerative capturing breaking energy in a heavy piece of
equipment.

Before recommending this retrofit, assess whether regeneration is involved. If so, include it in
the analysis.




® Estimate: 60 percent-70 percent overall efficiency for the combination of drive, genera-
tor, and motor in a DC Generator set.

-
—

Estimate a 25 percent overall efficiency increase for the installation of solid state VSDs.

Does the facility utilize Eddy Current drives for variable speed control?

Yes L] No []

Replace eddy current drives with solid state variable speed drives.

Eddy current drives are another older and less efficient method of achieving variable speed
control®. Eddy current clutches can be high maintenance items, replacement parts are expen-
sive and difficult to locate.

-
—

Estimate: 86 percent efficiency for an eddy current clutch at full speed, 64 percent ef-
ficiency at 3/4 speed.

-
—

Estimate a 10 percent efficiency increase.

Are motors installed that operate continuously at part load?

| Yes [} No L]

Replace oversized motors with properly sized energy efficient motors.

: : Before downsizing a motor verify that it will not be loaded beyond its capacity at some
point in its operation.

1 It consists of a fixed speed motor and an eddy current clutch. The clutch contains
a fixed speed rotor and an adjustable speed rotor separated by a small air gap. A direct
current in a field coil produces a magnetic field that determines the torque transmit-
ted from the input rotor to the output rotor. The controller provides closed loop speed
regulation by varying clutch current, only allowing the clutch to transmit enough torque
to operate at the desired speed. Speed feedback is typically provided via an integral AC
tachometer.


http://en.wikipedia.org/wiki/Torque

It is common for motors to be progressively upsized in a facility as they are replaced. If a motor
of the same size is not available, the next size up is installed — just to be on the safe side. If a
motor consistently operates at less than half of full load, it is not operating efficiently and is a
candidate for a downsizing assessment.

Motors consume the least amount of energy when they operate at their highest efficiency. For
most motors, this is from 75 percent to 110 percent of their rated load. As the motor loading
drops below 50 percent, the efficiency and power factor drops rapidly. The impact on larger
motors (those over 50hp) is less. See the Efficiency vs. Motor Loading graph.

Power measurements(kW) to determine motor loading is preferred over amperage

readings because kW readings take into account the changes in power factor and amperage
that occur as the motor loading changes.

Efficiency vs Motor Loading for 1800 rpm,
Open Drip Proof Motors (000 ]

Motor Efficiency (%)

0 25 50 75 100

9% Motor Load

The percent motor load can be estimated by the following equation:



Measured kW \
% Motor Load = - x 100,
Calculated kW (@ FullLoad

Hp ey JACKIY )
Where: Calculated kW @ Full Load = < B

Mir Eff full load HD o0

Example: A 50 hp motor with a full load efficiency rating of 90 percent was metered and found
to be operating at 25 kW. The percent Motor Load is estimated as follows:

S0 Hp,yyy - TAGKTY )

- = 4] kW,
Calculated kW @ Full Load = »
90 Jull load eff . Hp rated
25 ’{T I;Fmerrmrea’ \1 -
% Motor Load = X100 = 60%
ALK,

calculated




Fans and Pumps

—
r\"‘te 2

L= General Notes

I
* Actual efficiency can easily vary from 50 percent to 80 percent for optimum operation of
a particular pump.

& When modifying or replacing pumps and fans, or adjusting their rpm, be sure that they can
operate under all conditions anticipated for the given system. System pressure or head should
not exceed the maximum pressure or head the fan or pump can sustain. Surge points should be
avoided. (Surge points occur when a fan or pump can operate at two different flows at the same
pressure).

For additional information, please refer to the following web sites:
http://www.oit.doe.gov/bestpractices/,

http://www.ecw.org .

f®> ook or ask ?

Are pumps or fans installed that are not sized correctly for the task?

Yes [] No []

Pump or fan efficiency is very dependent upon flow and pressure, and the pump or fan’s oper-
ating characteristics. For a given rpm there is one optimal operating point of flow and pressure.
As the pressure changes, flow changes and operating efficiency is also affected. If system condi-
tions have changed since the initial selection of the pump or fan, they may be operating at a
higher rom than is required, therefore wasting energy. An oversized pump or fan often works
continuously against a throttle or damper causing even greater inefficiencies.

Reduce pump or fan speed using a sheave adjustment or motor replacement.

It may be possible to tune the speed of a fan or pump so it can operate more efficiently in a
given system. If the fan or pump is belt driven the sheaves can be modified in order to change
the rpm. A motor that operates at a different rpm may also be installed, particularly if it is over-
sized. Installing a two-speed motor could also be an option.

Trim or replace pump impellers.


http://www.ecw.org

A pump’s operating characteristics can be adjusted by re-sizing the impeller. On a given system,
it may be possible to achieve greater efficiency with a different pump impeller.

Replace fan or pump with a more energy efficient model.

It may not be possible to achieve an acceptable efficiency on a system with a given pump or fan.
New equipment may be the best option.

Does the facility have a cooling tower(s)?

Yes [ No L] |

Install solid state VSD control on the cooling tower fans.

"—~" The cooling tower fans typically run at a constant speed (50 Hz) or a two-speed motor
may drive them. Depending upon the ambient weather conditions (Wet Bulb Temperature) at
the tower location and the cooling loads placed on the tower, the installation of VSDs on the
cooling tower fan motors can produce significant energy savings. Air is forced or drawn through
the tower in order to cool the incoming water. The Wet Bulb Temperature is an indication of the
amount of moisture in the air that flows through the tower. The VSDs will vary the fan speed
to maintain the set-point temperature of the cooling water leaving the tower. During periods
when the cooling demands are at a minimum, such as 2nd or 3rd shifts, the tower fans run at
minimum speed and consume less energy. The tower fans can be turned off during periods
when the ambient air conditions will sufficiently cool the water without the aid of the fans. The
energy consumption is significantly reduced to just the cost of circulating the water through
the tower.

In addition, the following energy savings opportunities should be evaluated for each Cooling
Tower:

Replace the tower fill material with cellular film fill to improve the heat
transfer efficiency.

Install non-clogging, non-corroding spray nozzles to improve water distribu-
tion through the tower.

Install energy efficient airfoil fans.

Install energy efficient motors on the cooling tower fans and pumps.

“— Cooling tower optimization reduces the cost to provide colder water for cooling. By re-
ducing the temperature of the cooling water, the efficiency of the equipment or process being



cooled is improved.

Are pumps or fans being throttled in order to control the flow rate?

Yes [] No []

One of the most common and inefficient methods to control a fan or pump is to restrict its flow.
As the pressure is increased the flow is reduced. However, work required to deliver the reduced
flow is greater than would otherwise be required. The following recommendations apply best
to systems with variable flow (such as a boiler feed-water pump or an induced draft fan). If flow
is constant at a reduced level see recommendations for incorrectly sized pumps or fans.

Replace throttle control on pump with on-off control.

On-off control works when a pump is maintaining a reservoir level instead of a constant flow.
The pump can be set to operate only at optimum efficiency, fill the reservoir, and then shut off.

@ This measure could create excessive cycling.

Replace throttle control on pump or fan with solid state VSD control.

VSD’s can provide significant energy savings. Quick savings estimates vary greatly with
conditions, however VSDs frequently pay off in a year or two if they replace a throttle control
that operates at 60-70 percent of full flow or less most of the time. The impact on the fan or
pumping system due to variations in speed should be evaluated when considering this measure.

: : Be careful when applying VSDs to turbine pumps. Damaging vibrational harmonics may
develop at certain operating frequencies. Be sure to avoid vibration frequencies in the VSD
control profile.

Use the following table and Motor Power vs. Motor Speed graph for a first estimate of
energy savings with reduced flow for VSD’s controlling fans or pumps on systems where pres-
sure is allowed to drop with reduced flow.

Potential Energy Savings from Reducing the Speed of Centrifugal Machines

Percent of Full Flow Percent Energy Saved




100 0
90 19
80 36
60 64
50 75
40 84

Motor Power vs Motor Speed

125 £
=
= 100
&b 75
= //
o
50 -
[T
(=]
L 25

0 25 50 75 100 125

% of Design Speed

— Example: If the speed (rpm) of a 50 hp motor driving a pump or fan can be reduced
from 1800 rpm to 900 rpm (50 percent), and still provide the necessary flow and pressure
for the task at hand, the horsepower required is reduced from 50 hp to 13 hp resulting in
a power reduction of 75 percent.

Replace throttle control on fan discharge with inlet vane control.

Inlet vanes are a good option for applications like dust collection systems where the air volume
(cubic meters per hour (m3h) of air flow) required changes, while the air velocity and associ-
ated pressure drop must remain relatively constant. By pre-spinning inlet air, inert guide vanes
can reduce airflow without affecting the pressure the fan must overcome. They are not as ef-
ficient as VSDs in applications where system pressure can be allowed to drop with reductions
in airflow.



® At extreme reductions in airflow (less than 30 percent) an inlet vane acts like a throttle
and its efficiency drops off significantly.

Is bypass control being utilized to vary the flow out of the Pump?

Yes [] No []

Although less common, bypass control can be an extremely inefficient method for controlling
flow. In the best case, pump energy use is constant regardless of delivery to an end use. In the
worst case, energy use increases with reduced delivery to the end use. As less flow is required
at the end use, the excess is diverted to the bypass circuit and re-circulated. The diverted fluid
does not add any value to the finished product. The pump discharge remains at high capacity,
as do the pumping costs during periods of low demand, which makes this control very costly.

Replace throttle control on pump or fan with solid state VSD control.

VSD’s can provide significant energy savings. Quick savings estimates vary greatly with condi-
tions, however VSDs frequently pay off in a year or two if they replace a throttle control that
operates at 60-70 percent of full flow or less most of the time. The impact on the fan or pump-
ing system due to variations in speed should be evaluated when considering this measure.

-

Be careful when applying VSDs to turbine pumps. Damaging vibrational harmonics may
develop at certain operating frequencies. Be sure to avoid vibration frequencies in the VSD
control profile.

: : This method of modulation control may cause cavitation in the pump.






A. Compressed Air Systems
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' General Notes

* Many air compressors include capacity and pressure gages, including pressure drop across
the oil separator and dryer.

* Look for high-pressure drops through equipment and lines.

* Look for intentional pressure reductions, such as with valves and pressure regulators.

p

"~ Record gage readings of percent capacity and pressure for the air compressors and air
dryers.

Record nameplate data for the air dryers, air compressors, and drive motors.

For additional information, please refer to the following web sites:
http://www.knowpressure.org/html/where.html, http://www.cagi.org/glossaryl.htm, and
http://www.ecw.org

* Common compressed air terms are shown below:

Term Meaning
CFM Cubic Feet per Minute of Air Flow
ICFM Air flow at inlet flange
ACFM Actual air flow delivered after compressor losses
ACFM-FAD Air flow before filter (Free Air Delivery
SCFM Equivalent air flow at STANDARD CONDITIONS (2 different

standard use this same item)

Psi Pressure in pound per square inch
Psig Psi gauge, referred to atmospheric pressure
Psia Psi absolute, which is 14,7 as sea level
STANDARD CONDITIONS

CAGI (Compressed Air | 14,7 psia, 60°F, 0% rh (relative humidity)
and Gas Institute):

14,7 psia, 68°F, 36% rh



ASME

*Typical dryer dewpoints: Refrigerated Dryers +35°F to +38°F, Desiccant Dryers - 40°F

1l
=

. | Each CFM of compressed air at 100 psig requires: 1/3 to 1/5 hp, ~ 1/4 to 1/7 kW, ~ $10 to

$20 per year

L
.

Estimate 3 to 5 CFM per HP

&> ook orask ?

Are large compressors serving minimal system needs during off-hours such as maintaining
the minimum pressure requirements for a Dry Fire Suppression System?

Yes [] No []

Install a smaller air compressor dedicated to serve minimal after hour needs,
and isolate from main plant air system.

1t is common to leave a large compressor on continuously ~ 7 days a week to serve a small use
such as pressurizing a dry fire suppression system. The compressor may operate for long periods
at an extremely inefficient part load condition. System leaks also consume air and energy con-
tinuously. It is generally cost effective to install a separate dedicated compressor for such a need
and separate it from the main compressed air system to avoid losing air and energy to system
leaks during non-production times.

Does the facility have Centrifugal Screw Compressors that operate at less than full load
capacity for more than 70 percent of the Time?

| Yes [] | No L] |

Is throttle control used to modulate the compressor output capacity?

| Yes [] | No L] |

Replace throttle control with Load-Unload controls.

ERASME



@ It is not energy efficient for a throttle-controlled screw compressor to operate below 70-
80 percent capacity. Throttling is not desirable if extended low load periods are expected.

A throttle-controlled compressor consumes approximately 70 percent of'its full load pow-
er when delivering no air. (See the following “Throttling Controls” graph)

Throttle Control

THROTTLING CONTROLS
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How does it work? Throttling modulation works
by starving the compressor of air. The mechanism itself is usually a butterfly valve or a slide
valve that is installed upstream of the compressor inlet. When the system pressure sensor per-
ceives that the pressure is decreasing (because plant air demand has exceeded the storage ca-
pacity), the valve opens and the compressor begins to build pressure. When the system pressure
sensor perceives that the pressure is increasing (because plant air demand has decreased below
the storage capacity), the valve starts to close. This creates a partial vacuum at the compressor
inlet. Consequently, the air entering the compressor is less dense and less air mass enters the
compression chamber between the screws. This reduces the mass flow rate(cfm) of air delivered
to the system.

® Energy Use: This method of control is often not efficient. Because the compressor
constantly works against system pressure at the discharge port, the motor never really gets a
chance to unload. As the compressor capacity drops below 70 percent, the compressor efficiency
declines rapidly, therefore consuming considerable energy while producing minimal air.

The “Throttling Controls” graph above indicates that the compressor can operate continuously at
any point between 0 percent and 100 percent capacity. This graph also indicates that 70 percent
of full load power is consumed when the compressor is providing no air, and 85 percent of full
load power is consumed when

the compressor is operating at 50 percent capacity.

Applications: Throttling is desirable when overall plant demand is high or erratic, when re-
ceiver size is small, or when the acceptable range for system pressure is small. Modulation-only



control is a low-risk option because of mechanical simplicity, small pressure variation, and cy-
cling is avoided. Consequently, it is a common control strategy.

Load-Unload Control

How does it work? Load-Unload controls on screw compressors allow the compressor to oper-
ate at only two points: fully loaded at 100 percent capacity, maximum efficiency and unloaded
at 0 percent capacity. This control strategy is similar to On-Off control except that the motor and
compressor never completely

shut off. When the system pressure falls below it’s maximum pressure set-point (usually 100 —
120 psig), the compressor runs at full power and maximum efficiency with the inlet valve 100
percent open until the system pressure increases to maximum pressure. Then the inlet valve is
fully closed and an unloading valve at the compressor discharge opens and the air leaving the
compressor is vented to a lower pressure.

The most efficient controls use a small oil pump and vent the air all the way to atmospheric pres-
sure (~0 psig). Some manufacturers maintain a pressure of ~ 30 psig to circulate oil through the
compressor while it is unloaded. In either case, a check valve installed at the discharge prevents
the back flow of air at system

pressure when the compressor is unloaded. In the unloaded condition, the compressor does little
work, because it is starved of air at the inlet and is working against a minimum pressure at the
outlet (0 or 30 psig).

_ Load-unload control allows a compressor to operate either at full output and maximum ef-
ficiency or unloaded.

_ This control strategy is similar to on-off control except the motor and compressor never com-
pletely turn off. Because the compressor does not turn off, the motor is not damaged. However,
load-unload control requires larger receiver capacity and a significant variation in system pres-
sure to create an acceptable cycle time.

An unloaded screw compressor consumes approximately 17 percent to 25 percent of the en-
ergy required for the compressor to operate at full capacity, if discharge pressure is reduced to
near atmospheric pressure. The energy savings will be less if the compressor discharge pressure
drops to an intermediate pressure, such as 30-40 psig, which is usually required to maintain oil
circulation.

_ Some processes are too sensitive to allow the variation in pressure necessary to produce sig-
nificant energy savings.

_ The load-unload cycle can make maintenance personnel uncomfortable. It is often set to un-
load at very low capacity causing the compressor to operate at inefficient partial load for most of
the time. The compressor seldom unloads, therefore potential energy savings are lost.

_ A small amount of compressed air is released to atmosphere when the compressor unloads. If



the compressor cycles too often this air loss can be significant.

_ Energy Use: Where appropriate, this method of control has very good energy use character-
istics since it only produces air at 100 percent capacity and idles with low energy use at other
times. There will be a small loss of energy each time the outlet blows down, because any com-
pressed air preceding the check valve will be vented to attain a lower pressure. The simplest way
to estimate energy use is to ignore these losses and those that may accrue as the intake valve
opens and closes. This may sound too simplistic, but the volume of air lost will usually be less
than 2 ft per cycle with most oil separators.
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_ The “Load-Unload Controls” graph above indicates that the compressor operates at two points,
full output (100 percent capacity and maximum efficiency) or unloaded (0 percent capacity).
This graph is for a compressor that is completely vented to atmospheric pressure. A partially
vented compressor at 0 percent capacity will normally be near 25 percent of full load power.

Applications: Load-Unload control is most appropriate when conditions will not cause un-
loading too often, though it can operate with more unloading cycles than on-off controls can. An
on-off controlled compressor would not be suited to restart every 2 minutes, for example, but a
load-unload controlled compressor and motor could handle the cycling.

A plant with a large air storage capacity and equipment without exacting pressure requirements
is ideally suited for load-unload control. Many lumber mills fit this category because they have
extensive piping networks that act as receiver tanks and if necessary, space is usually available
to install larger receiver tanks.

Is Turn Valve control used?
Replace Turn Valve control with Load-Unload controls.
Turn Valve Control

How does it work? Turn valves or spiral valves are composed of a spirally threaded shaft and
discrete ports placed along the compression chamber wall. The shaft lies parallel to the rotors.
When the system pressure falls below it’s maximum pressure set-point (usually 100 — 120 psig),
the valves are closed and the compressor runs at full capacity until the maximum pressure is
maintained. The turn valves allow the compressor to modulate between full capacity and zero



capacity. This modulating control is achieved by gradually rotating the spiral shaft. As the shaft
is rotated, the ports in the shaft allow some of the air being compressed in the rotors to escape
and return to the compressor inlet which is at atmospheric pressure (~0 psig). The air that does
not escape through these ports is discharged at system pressure.

_ Energy Use: This method is more efficient than throttling. However, since the compressor
works against system pressure at all times, this is still a relatively energy-intensive modulation
control strategy.
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_ The “Turn Valve Controls” graph above indicates that the compressor can operate continuous-
ly at any point between 0 percent and 100 percent capacity. This graph shows good performance
at high loads, but about 57 percent of full load power is still consumed when the compressor is
producing no air.

Applications: Turn valves are an effective control strategy when over-all plant demand is high
or erratic, when receiver size must be small, or when the acceptable range for system pressure is
small. Turn Valve modulation is a low-risk option and consequently, a common control strategy.
Though more efficient than throttling, turn valve control is not desirable if extended low load
periods are expected.

Is Poppet Valve control used?
Replace Poppet Valve control with Load-Unload controls.
Poppet Valve Control

How does it work? Poppet valves operate using the same principle as the turn valve: Open-
ing discrete ports in the compression chamber walls reduces the volumetric compression ratio.
Instead of using a single rotating shaft, four or five pneumatic valves open and close to expose
the ports and allow the compressed air to escape to the inlet, which is at atmospheric pressure.

Energy Use: The energy use for Poppet Valves is similar to Turn Valve control. The thermo-
dynamics are the same only the mechanics of implementation vary. Poppet Valves are more



efficient than throttling but the compressor still works against system pressure. Consequently,
Poppet Valves are a relatively energy-intensive control strategy.
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_ The “Poppet Valve Controls” graph above shows good performance at high loads, but about 60
percent of the full load power is still consumed when the compressor is not producing any air.

Applications: Applications for Poppet Valve control are the same as those for Turn Valve modu-
lation controls. The following is a discussion of additional control methods that might be ap-
plicable.

On-Off Control

How does it work? The compressor runs at 100 percent capacity until the system pressure
reaches the maximum set point pressure. Then both the compressor and motor completely shut
off. A check valve prevents the flow of air back through the compressor. When the compressor
shuts off, an unloading valve opens so that air in the discharge port is released to atmospheric
pressure. This reduction in discharge pressure makes it easier for the compressor to restart.

On-off control allows a compressor to operate at full output and maximum efficiency and then
turn off- However, on-off control requires larger receiver capacity and a significant variation in
system pressure. On-off control is not usually used in an industrial setting except as a secondary
control on a compressor that may operate at low to zero capacity for an extended period of time.

_Some processes are too sensitive to allow the variation in pressure required for on-off control.

_ Beware of installing on-off control as a sole control on large motors. The constant on-off cycle
can reduce the life of the air compressor and motor.

_ On-off control may not be an option with many compressors.

Energy Use: This control strategy is actually the most efficient mode. Since a compressor op-
erating in this mode only produces air while running at 100 percent capacity and never idles,
performance approaches the “ideal,” as shown in the “On-Off Controls” graph below. There will
be modest losses because any compressed air that is upstream of the system pressure check valve
will be lost once the compressor is shut down. For example, a system that runs 6 minutes per



cycle will likely have losses of less than 3 percent.
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Applications: This type of control strategy works best when the user is confident that there
will be long periods of either very high or very low use, and when the maximum and minimum
pressures are not close together. Large receivers are required for efficient operation. A small
plant with an occasionally used sandblaster would be an appropriate application for this control
strategy.

“Low”- Unload Control

How does it work? “Low”-Unload control is a combination of Load-Unload control and modu-
lation. The modulation may be a throttling valve, a turn valve or a poppet valve. This control
strategy is designed to allow the compressor to modulate during periods of high demand and
unload if demand drops below a certain percentage of full load capacity. The unloading point is
usually set at 4050 percent capacity and may be permanently pre-set by the manufacturer or it
may be manually adjustable.

The compressor runs at 100 percent capacity and gradually increases the system pressure, but
before the maximum pressure is reached, the inlet control starts to modulate and the capacity
begins to reduce. This modulation continues until it either balances compressed air demand with
supply, or until the capacity falls to the unloading point (40-50 percent capacity), whichever
comes first. If the unloading point is reached, the compressor drops to an unloaded idle condi-
tion, as described in the Load-Unload section, and waits until the system pressure drops to the
minimum allowed. At this point, the modulating valve fully opens, the blow-down valve closes,
and the compressor returns to full capacity.

_ A low-unload controlled screw compressor is no more efficient than a standard throttle con-
trolled compressor until it unloads. Unfortunately they are often set to unload at low flows,
sometimes as low as 40 percent of capacity. Because of this, they only unload during periods
of minimum demand, such as breaks or non-production periods. During normal production pe-
riods, the compressor capacity is throttle-controlled and potential energy savings are lost. The
unloaded compressor consumes approximately 17 percent to 25 percent of full load power when
the air is discharged at atmospheric pressure.

_ Energy Use: The energy efficiency of low-unload controls falls between that of load-unload
control and modulation-only control. Since the operating mode varies depending on the magni-



tude and regularity of the lant air demand, receiver size, pressure range, and unload point, it is
not easy to make a simple mathematical model. However, as an example the following simpli-
fied form can be used. Assuming inlet throttling modulation is used, the unload point is set at 50
percent, the compressor completely unloads to atmospheric pressure, and unloading losses are
ignored, energy use can be approximated as shown in the “Throttle + Low-Unload Controls”
graph below:
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Note: In cases where the unload point is adjustable, it is recommended that the unload point be
increased as high as possible, 80 percent capacity for example, until the cycle time is as short as
deemed acceptable for operation. A minimum unloaded time of 30 seconds under normal plant
demand conditions is suggested. The energy savings can be seen graphically by looking at the
“Throttle + Low-Unload Controls” graph above. If the unloading point is moved to the right
(increased), from 50 percent to 80 percent, the total area under the curve is reduced, therefore
additional energy savings is possible.
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_ Note: Since spiral/turn/poppet valves are already efficient in the higher capacity region, avail-
able savings from increasing the unloading point are less significant for compressors with this
type of control. This can be seen by referring to the “Trun Valve + Low-Unload Controls” graph
above, if the unloading point is moved from 40 percent to 80 percent, the area under the curve
is not significantly reduced.

Application: Low-Unload is a good compromise between Modulation and Load-Unload. It
does not outperform either of the other two modes if the operating conditions match the require-
ments of modulation or load-unloading. Low-unload control excels when load conditions vary
over the course of a day. An example of an appropriate application of low-unload control would



be a plant where there is a steady high load during first shift, intermittent demand on second, and
holding pressure for a fire system at night. In this case, the compressor would mostly modulate
during first shift, modulate and unload during second shift, and load/unload at night. Since this
type of situation is common in industrial facilities, this control strategy is frequently the pre-
ferred choice.

Variable Speed Drive (VSD) Control

How does it work? A compressor system with a variable speed drive (VSD) controls the com-
pressor output by changing the rotational rate (rpm) of the screws. When air demand is high, the
screws rotate faster and therefore displace more air per minute than when demand is low and
rotation is slower. Typically a minimum speed is set based upon the minimum internal pressure
required to provide proper sealing of the compression chamber. This may require modulation
or unloading control to be incorporated with the VSD control to drop capacity without further
slowing the screws.

_ Energy Use: VSD control offers modulation down to low loads while still maintaining ef-
ficiency. Like low-unload controls, there are two different operating modes. During periods of
high demand, the VSD controls the modulation. If the load drops below the minimum level that
can be compensated for with the VSD, the drive will stop reducing speed and the capacity will
be further reduced with a butterfly, slide, turn, or poppet valve arrangement.

Variable Speed Drive+Throttle Controls
o Fark Laad Powess and CTrunp

00 - T B - |
| —— -
: "
B S | M

| T o~ |

3 - + ¥ o PPN B s - '_
20 41 g FilHe Ly o
Feriant Cansc iy

Full Capacly Poser and Sk Shih
E
&
1'.
W
[

| —— Amrpn e Prowes Cimfp

Note: VSD + Throttle Controls graph shows VSD control down 40% capacity and Throttle Con-
trol down zero to 40% capacity.

_ Applications: VSDs can be the most expensive of all of the control options and are not typi-
cally offered by compressor manufacturers as a standard configuration. When combined with
modulation, however, VSDs have the singular advantage of offering relatively high efficiency
across the full capacity range with the convenience of full modulating control. VSDs would be
appropriate when extended low demand periods are expected and a range of supply pressures is
unacceptable.

The “Combined Part Load Performance” graph compares the performance of all of the control
methods discussed.



Combined Part Load Performance

for Various Control Schemes
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_Look for or Ask ? (continued)

Does the facility have more than one compressor feeding into a common header? Are these
compressors operating at less than full output (cfm) capacity?

When more than one compressor is operating, all but one should operate at full capacity and
efficiency. A final trim compressor can match output to system requirements. In the best case,
the “trim” compressor can have more sophisticated controls for greater efficiency at part load
operation.

Manually sequence multiple compressors.

Set existing controls to load compressors sequentially so that unneeded compressors can be
turned off manually.

Install automatic compressor sequencing controls.

Sequence compressors to avoid operating several compressors at part load and poor efficiently.
The largest savings come from the sequencer turning unneeded compressors off. The energy sav-
ings usually offset the cost of installing additional receiver capacity.

Are compressors operating at zero capacity for extended periods of time?
Manually shut of air compressor.

If an air compressor is left on over the weekend or through the night, it can be turned off manu-
ally.

_ This measure is only as reliable as the operator(s).
Install shut-off timers on air compressors.

Shut-off timers can be set to de-energize a compressor if it operates at zero capacity for a set
period of time. This can work particularly well if air may be needed for short periods such as



during night clean-up. The compressor will shut off at the end of the production shift and only
start up again when needed.

Is the discharge pressure of the compressors higher than 110 psig?

If compressors are operating in a range higher than 90 to 110 psi, determine if this higher pres-
sure is required. Common end uses frequently require no more than 80 psi. It is also common
to operate from 100 to 110 psi to overcome any potential line losses. It is possible to have end
use air requirements greater than 110 psig, but verify them. Even 90 to 110 psi can be higher
than required to ensure adequate air delivery to the end use. It wastes energy to compress air
to a higher pressure unnecessarily. Higher system pressures also cause unregulated air uses to
expend more air. (Any end use that does not include a regulator to keep air pressure from exceed-
ing required pressure is an unregulated air use. System air leaks are an unregulated use common
to all compressed air systems)

_ The power required to compress air increases by about 0.5 percent for each psi increase in
system discharge pressure.

Reduce pressure delivered by air compressor to the minimum required by the system.

_Determine required end use pressures on equipment, then group them by requirements. This
will help establish the actual discharge pressure required.

Install looped piping system.

A looped piping system balances pressure throughout the plant. End uses are served from both
directions, with line losses at different points balancing out in the two paths. With a balanced
system compressor discharge pressures can often be reduced.

Install larger pipes.

Larger pipes reduce the pressure loss in the distribution lines while providing additional surge
capacity to reduce pressure fluctuations. Both effects help reduce system pressure, which reduces
the energy consumption.

Is high pressure air being used for tasks that do not require high pressure air?

Compressed air may be used for inappropriate applications such as part drying or aeration.
A low- pressure blower or fan may be a better choice. Power is wasted to compress the air to
higher pressures than needed.

Meet end use requirements with lower pressure air delivery sources such as a blower, fan,
or a smaller horsepower air compressor.

Does the compressed air system have significant air leaks?

Most leaks are difficult to pinpoint and quantify on a leak by leak basis. Some leaks are easy to



find because of their location, sound, and air volume. Some leaks are intentional; such as an
open compressed air line directed to cool a hot bearing.

_ Leaks are easiest to find when the plant is quiet — plant is not in production operation such
as during lunch.

_ To quantify total air leaks in a plant: take note of air compressor loading and/or air delivery
during breaks or other times when there is no air use.

_ Ultrasonic tools provide the most reliable method to locate air leaks.

_ Common leak locations: valve packing, pneumatic cylinders, and hoses, quick release hose
fittings for hand equipment, hand equipment itself. Air leaks exceeding 35 percent of the air used
are excessive in any plant (plant load can be determined by subtracting cfm leak load found dur-
ing the break period from the compressor cfm recorded during plant operation.)

The table below gives estimates of the annual costs for air leaks. Values are based upon a 1000
ACFM screw compressor operating at 100 psig with a compressor efficiency of 1 hp/ 5 cfm or 20
percent .The compressor motor has an efficiency of 90 percent. Intake air is at 70°F, 14.7 psia.
Compressor operates 12 hrs/day x 5 days/wk x 50 weeks/yr = 3000 hrs/yr. Cost of electricity is
8.05/kWhr. This equates to an annual cost of approximately $25/cfm of leaks.

Opening Di- 1/64” 1/32” 1/16” 1/8” /3 wn”
ameter

Air Escaping | 0.50 CFM | 1.5 CFM | 6.5 CFM |26 CFM 104 CFM | 415 CFM
at each leak

Annual kWh (249 kWh | 746 kWh | 3,233 kWh | 12931 kWh | 51723 kWh {2063 9 3
kWh

Annual Cost | 312 337 8162 3647 32586 310320
(Savings with reduced air flow depends on the air compressor’s part load efficiency)

_ Example: For a compressed air system operating at 100 psig, one air leak 1/8”’in diameter will
loose 26 ft3 of air per minute. The power loss due to this air leak is:

Repair air leaks

By reducing the air leaks, the compressors can operate at a lower discharge pressure. In the best
cases, reducing the air leaks can allow compressors to be shut off.

* If the leak reduction does not allow one compressor to be shut off, consider a control strategy
for efficient part load operation to realize significant savings.

Does the facility have rotary vane air compressors?

The capacity of rotary vane compressors is commonly controlled by blowing off excess air to
atmosphere. In such cases there is no reduction in power with reduced air flow.



Replace rotary vane compressors with energy efficient centrifugal screw
compressors that are computer controlled to allow sequencing and unload-
ing.

Does the facility have desiccant air dryers?

Desiccant air dryers can produce very dry air, however, they use more energy than refrigerated
dryers. Determine if the increased drying capacity is necessary. Heaterless desiccant air dryers
purge the most amount of air and can waste the most energy. From 10 percent to 15 percent of
total air produced by the air compressor can be purged in regenerating a heaterless desiccant
dryer

Replace desiccant air dryers with refrigerated air dryers.
Install a capacity controlled regenerative dryer.

If drier air is required, control the desiccant recharge cycle to stop when the humidity drops to a
set level. The amount of savings will depend on the amount of air being used.

Install internally heated desiccant air dryers.

If drier air is required, internally heated desiccant dryers only require 3to5 percent of the total
airflow for purging moisture. Isolate moisture sensitive equipment if possible, such as pneumatic
controls, which can be particularly sensitive to moisture. It is unnecessary to dry all of the plant
air to the level required by a minority of the equipment. If the sensitive equipment is grouped on
one branch of the compressed air circuit, a desiccant dryer can serve that line only and drying
costs can be greatly reduced.

Is the compressor cooling water discharged to the sewer?

Use compressor cooling water to replace warm water for other uses, such as
cleaning or pre-heating the boiler makeup water.

This strategy can save on both energy and water costs.

_ Oil contamination potential in the compressor cooling water can present a problem to be over-
come. Although more costly, a heat exchanger to transfer heat from the air compressor cooling
water to preheat the boiler make up water might be a better option.

Is the pressure drop across auxiliary equipment such as dryers, oil separators, or filters
excessive?

Some compressors display pressure drop across these devices. Pressure drop should not exceed
8 to 10 psig; for oil separators, 5 psig for a dryer, 0.5 to 1 psig for a filter.

Replace filters, overhaul equipment to reduce pressure drop.



Clogged filters and fouled lines increase air velocity and pressure drop.
Size equipment to accommodate air flow with acceptable pressure drop.

Equipment such as a refrigerated dryer causes excessive pressure drop when air flow exceeds
design.

Is compressed air the best utility for the given application?

Compressed air is often chosen for its convenience; its safety in explosive situations; and its
comparatively high energy density for hand held tools, robotics, or other equipment. Unfortu-
nately it can be an inefficient method of getting the work done.

Replace compressed air use with another utility. For example, replace a
pneumatic motor with an electric motor or hydraulic motor.

Replace a Venturi-type vacuum generator with a vacuum pump.
Does the facility utilize any air nozzles?
Have the air nozzles been designed for maximum efficiency?

Install engineered nozzles.

These nozzles are typically used for blowing off parts of equipment, cutting or cooling. Com-
mercially available engineered nozzles have higher efficiencies and use less air.

Is the Air Compressor on a Regular Maintenance Schedule? Review maintenance logs to verify
if the following is being done on a scheduled basis.

Maintain modulating controls.

Modulating controls on screw compressors can fail over time. The result is a compressor that
never operates at full load or unloads properly, reducing both efficiency and capacity.

Lubricate compressor.
Proper lubrication extends compressor life and improves its efficiency.
Clean or replace intake filter.

A clogged intake filter reduces compressor capacity and efficiency.



E. Steam Systems
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L= General Notes

A 1/8” hole will lose 600 Mbtu/yr of steam in a 100 PSI system

Estimate 1 percent reduction in boiler efficiency for every 40°F increase in stack temperature.

Please refer to the following web sites for additional information:

http://www.oit.doe.gov/bestpractices/steam/totalsteam.shtml, http://www.ecw.org

Combustion efficiency and boiler operating targets for different fuels:

Fuel Efficiency Target | Excess Air Oxygen (02) Carbon Dioxide | Other
(CO2)

Natural Gas 80% - 83% 21% - 28% 4% - 5% 9.0% -9.6% 400 p
Mono:

Oil 84% - 87% 22% -29% 4% - 5% 11.9% - 12.6% 1-2s

Coal 83% - 84% 26% - 34% 4.5% - 5.5% 13.7% - 14.6%

Wood 65% - 75% 61% - 74% 8% - 9% 11.7% - 12.6%

’i@:‘ look or ask ?

Is the stack temperature too high?

Yes []

No []

Optimum stack temperature is typically 50°F to 100°F above saturated steam pressure at high fire in

a saturated steam boiler. A record of the stack temperature after boiler tuning offers a more accurate

target for optimum operation. Stack temperatures higher than these suggest poor heat transfer or

too much combustion air.

Boiler Pressure Recommended Maximum Stack
Temperature

30 psig 375°F

75 psig 420 °F

100 psig 440 °F




125 psig 455 °F

(No more than 100 °F greater than saturated steam pressure at boiler operating pressure)

Stack temperatures lower than 275 °F can lead to corrosive condensation
Tune the Boiler. [Reduce excess combustion air|

Be sure not to reduce excess air below minimum required to avoid creation of carbon monoxide.
Clean the boiler to remove water side and fireside fouling.

Soot can usually be removed with a brush during regular maintenance. Scale on the water side
may require extensive chemical treatment if deposits are severe.

Preheat combustion air.
Stack gas temperature should typically be over 400°F on a well tuned boiler for this to pay off.

Is the boiler operating at incomplete combustion?

Yes [] No []

Incomplete combustion is difficult to ascertain without a stack gas analyzer. Excessive soot build-
up, or fuel consumption for the boiler load might be an indicator. A stack gas analyzer will allow
the operator to compare O, and CO, levels to optimum levels for efficient operation.

Tune the Boiler.

Is the blow-down of the boiler water manually controlled ?

Yes L] No []

As water is evaporated to steam, solids in the water remain in the solution. To keep dissolved solids
from building up to excessive levels, the boiler water is drained and replaced with fresh water. This
is called “blow-down.” The difference in temperature between the replacement water and the hot
boiler water represents an energy loss. To minimize this loss, blow-down should be set to the mini-
mum required to keep dissolved solids at an acceptable level. The rate of continuous blow-down
depends on the quality of the feedwater and the amount of condensate return.

Reducing the blow-down will also reduce the amount of water treatment chemicals required. Set the
blow-down based upon the amount of total dissolved solids.

Does the facility have a significant number of steam traps that are malfunctioning?



Yes [] No []

Steam traps are usually designed based upon a maximum back pressure rating. This rating is de-
termined by dividing the outlet pressure by the inlet pressure, absolute (psia). If the back pressure
of the present system is greater than the original design pressure, the trap is not able to fully close,
and can fail in the open position. When these traps fail open, they blow steam into the return sys-
tem, which increases the back pressure on other traps in the system, causing them to fail. When the
steam is induced into the return piping, the vapour flows over the condensate, eventually causing
enough turbulence to create a mass or “slug” of condensate that fills the pipe.

The condensate slug can travel throughout the piping system at the same velocity as the steam until
it encounters a sudden change in direction and this energy is transferred into a force referred to as
“water hammer”. It can be difficult to identify traps that are leaking, failed open or failed closed.
When properly designed and maintained, steam traps remove the condensate from the steam and
purge air and other non-condensable gases from the steam system which increases it’s thermal ef-
ficiency.

The most reliable method to identify traps that are malfunctioning is to use ultrasonic tools.

Initiate a program to identify and repair traps that are malfunctioning. Consider installing con-
tinuously discharging thermostatic steam traps.

Is the condensate return system open to atmosphere?

Yes [] No []

Hot condensate will travel in the direction of high pressure to low pressure. When the feed tank
is vented to atmosphere, as the condensate enters the feed tank, it will flash to steam due to the
sudden drop in pressure and the steam escapes through the vent to atmosphere. The steam and
associated energy is lost.

Install properly designed steam traps to reduce the amount of steam lost
through the open system.

Install pressurized condensate return system to reduce flash steam losses. In-
sulate Condensate Storage Tanks.

Is an open condensate return system utilized?(condensate not returned to the boiler)

Yes [] No ] |

If condensate is not returned to the boiler all of the energy in the hot condensate return is lost.
Since this condensate also contains water treatment chemicals, these chemicals have to be re-
placed. The energy and wastewater treatment costs will increase.

This loss has to be balanced against the significant cost of adding a condensate return system.



In large facilities, the installation of a condensate return system may require extensive pumping,
piping and valves.

Install a condensate return loop.

Does the boiler cycle frequently?

Yes [] No []

Boiler efficiency is reduced at partial load. Frequent cycling reduces the overall operation ef-
ficiency and the life of a boiler. Continual cycling can be an indicator of an oversized boiler.

Install multiple smaller boilers (modular).
Match steam load to the boiler output.

Is the efficiency and performance of the steam system being monitored manually?

Yes [] No []

Install a boiler stack gas thermometer with a maximum indicating hand.

Install a meter to measure the amount of boiler make-up water being con-
sumed.

Is the flow rate of the induced draft and forced draft fans being controlled by throttling meth-
ods?

Yes [] No []

Install VSD control on boiler induced draft and forced draft fans.

[ Boilers typically operate 24 hours a day, 365 days per year. Improving the efficiency of
any equipment associated with the day to day operation of the boiler will produce significant
energy savings.

Are there any opportunities for heat recovery?

Yes ] No []

Install heat exchangers to use the stack gases to preheat the boiler make up water. Waste heat
from air compressors or other equipment can be used for this application. Use high pressure
condensate to create flash steam for low pressure heating service.



F.

Refrigeration Units
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" General Notes

Compressor energy use drops 1 - 1.5 percent for each °F of head pressure drop.
Compressor energy use drops 2 - 3 percent for each °F of suction pressure increase.
Please refer to the following web sites for additional information: http://www.ecw.org,
http://www.oit.doe.gov, http://www.ecw.org/products/commindu.html#502/

Simple Refrigeration Cycle
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Note: The “Simple Refrigeration Cycle” diagram is for information only and will be d e
scribed in detail at a later time.
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Can the operation of the existing refrigeration system be optimized by implementing any of
the following measures?

Yes [] No []

Optimize inter-stage pressure.

A two-stage system has three separate pressures maintained by high- and low-  stage compres-
sors. Choose intermediate pressure so that each compressor has approximately the same pres-
sure ratio to minimize compressor energy use.

Economized single stage system.

For applications that require extremely low temperatures such as a blast freezer, a two- stage
compressor is usually preferred. An “economized” single stage system may allow operation at
slightly lower suction temperatures while providing the necessary cooling and avoiding the cost of
a two-stage system. Install 2-speed or VSD speed control on condenser and evaporator fans. By
reducing fan speed when full capacity is not needed, the energy consumption of the fan motors is
significantly reduced.

Cycle evaporator and condenser fans.
Evaporator fans move air across refrigerant coils to condition the space.

Condenser fans remove the heat generated during compression of the refrigerant. Evaporator fans
can turn off when not needed for temperature control or to destratify air in the space. Cycling fans
saves fan and compressor energy. Duty cycles can be reduced as much as 50 percent. A timer can
be used to cycle primary fans after a given amount of operation

Are refrigeration compressors being operated manually or “semi-automatically”?

Yes [] No []

Install computer controls to allow the compressors to operate at their highest
efficiency point.

Overlap suction pressure switches on compressors connected to a common
header to allow their operation to be sequenced.

Is it necessary to operate at lower suction pressures in order to maintain production rates or
to maintain the desired storage temperature?



Yes [] No []

Poor cooler/freezer insulation, undersized or dirty evaporators require lower suction pressure and
wastes energy.

Consolidate and re-pipe loads with similar suction requirements. Dedicate a
compressor to these loads.

Compressors operating at their maximum suction pressure are more energy efficient.
Reset suction pressure.

Raise suction pressure to match the actual pressure required to meet the cooling
loads.

When the suction pressure drop increases, compressor work increases.

Add evaporator capacity to reduce evaporator approach temperature and raise
suction pressure.

The compressor savings resulting from operating at higher suction pressures often offset the ad-
ditional evaporator fan energy consumed.

Are Back Pressure Regulators (BPRs) used in order to control suction pressures to accom-
modate a significant portion of the load?

Yes [ | No [ |
BPR’s control system branch pressure.

Eliminate BPR’s.

BPR’s control various refrigeration loads on a single system. Loads requiring a lower suction pres-
sure could be separated from loads requiring a higher suction pressure.

Can the timing of heavy process or other refrigeration loads be distributed better?

Yes [] No []

Consider load shifting during periods of high energy use and or thermal storage during peri-
ods of low energy use to reduce the total energy demand.

Are head pressures significantly higher than rated pressures?

Yes [] No []




Minimum Head Pressure

Ammonia 93 psig
R12 72 psig
R134a 72 psig

Set the system to operate at lower head pressures.(Minimize the lift)

Flash gas caused by system losses at low discharge pressure can be avoided with a liquid pressure
amplifier (LPA) pump.

LPA pump is a small horsepower pump with a magnetically driven impeller installed at the outlet
of the condenser to increase the pressure and sub-cool the refrigerant before it enters the expansion
valve. This allows the compressor to operate with a lower discharge pressure.

Install a Thermosyphon cooling system to cool the compressor oil.

Oil is used to seal, cool, and lubricate screw compressors. Liquid-refrigerant-injection
cooling uses 5-15 percent of compressor power to recompress refrigerant. A thermosyphon system
cools the oil with a heat exchanger by transferring the heat from the oil to the refrigerant, which
causes it to change from a liquid to a vapour. The refrigerant vapour rises to a condenser where it
condenses to a liquid and the cycle is repeated. This process requires less energy to cool the oil than
liquid refrigerant injection.

Install additional condensing capacity to reduce discharge pressure.

Additional condensing capacity will bring the liquid refrigerant temperature closer to the wet bulb
temperature, therefore increasing the heat transfer efficiency.

Are the compressors on a regular maintenance schedule? If so, verify that the following is
being done on a scheduled basis.

Yes [] No []

Maintain evaporative condensers.

Water evaporates as it absorbs heat from the condensing refrigerant. The heat exchange surface
must be clean and free of corrosion. Air must pass through freely for efficient heat transfer. Water
should be treated to reduce scale and corrosion, and reduce biological growth.

Purge non-condensable gasses.



Non-condensable gasses such as air or CO, reduces the effective surface area of the condenser
used to condense refrigerant vapor, thereby decreasing heat exchanger efficiency. In general, non-
condensibles enter the system when the low stage suction pressure is less than atmospheric pres-
sure. Automatic purging controls are readily available. The system can also be purged manually
when an operator notices as increase in the discharge pressure. A refrigeration log helps identify
when operating conditions change.

Can the evaporator defrost control be optimized?

Yes [] No []

Evaporator coils must be free of ice for maximum heat transfer. Avoid excessive defrost times -
reduce defrost times.

Warm fluid (refrigerant gas or water) commonly is used to defrost evaporators. Heat will warm
the space after the ice has melted. Air flow sensors and thermocouples can control the defrost
system to stop as soon as the ice has melted.

Use Hot gas defrost instead of electric defrost.

High-pressure refrigerant is more efficient than electric heaters. Use water defrost instead of hot
gas defrost. Hot process water can also defrost the evaporator. Additional compressor energy is
not required. This can be more efficient and faster in a blast freezer, for example, where the de-
frost can occur with water without the product being present.

Are there any opportunities for Heat Recovery?

Yes [] No []

Utilize waste heat off of condensers.
Use waste heat to preheat process water. Insulate Cooler/Freezer area.

Unnecessary heat gain decreases system efficiency.




Material handling systems

rﬁ{ Lo

' General Notes

The following option should be considered when exploring opportunities to save energy with ma-
terial handling fans and blowers:

For belt driven devices, the speed can be reduced by re-sheaving the motor to determine the mini-
mum speed allowed to move the material and avoid design and safety problems. After this speed is
determined, the actual motor rpm can be measured with a tachometer. The proper drive mechanism
can be selected.(VSD, two speed motor, an energy efficient motor at reduced rpm and horsepower,
etc.)

This approach can provide energy savings at the least cost. The preferred method is to evaluate the
entire system and to size the fan and motor to efficiently handle the present operating conditions.

For additional information, please refer to the following web sites:
http://www.energy.wsu.edu/industry/research.htm,

http://www.ecw.org
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Does the facility utilize high or low pressure blowers to convey material?

Yes L] No []

The following energy savings opportunities should be evaluated:

Reduce the speed of the blower or fan to capture the energy savings and re-
duce the wear and tear on the distribution piping by reducing the velocity.

Replace Dust Collection System Material Handling fans with High Efficiency
Clean side fans.

Install high efficiency bag houses.

Replace pneumatic chip transfer with conveyors or vibrating transfer systems.



Does the facility have more than one baghouse and multiple distribution lines feeding into
these baghouses?

Yes L] No []

Determine if these distribution lines can be valved / knifed off when not oper-
ating to reduce the load on the fan and baghouse.

Determine if these distribution lines should be re-routed to allow a dedicated
fan that requires less horsepower to perform the same task.

Quite often the pant distribution lines, fans, and blowers have been modified over
the years and are not operating under design conditions and could be wasting a
lot of energy.




Hydraulic systems
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' General Notes

For additional information, please refer to the following web site: http://www.energy.wsu.edu/
industry/research.htm#hydraulic

@ ook or ask ?

Does the manufacturing process utilize hydraulic pumps?

Yes [] No []

The following energy savings opportunities should be evaluated:
Install accumulators.

Accumulators can improve the efficiency of the hydraulic system by maintaining system pressure
and allowing the pump to unload or to do other work. This reduces the amount of times the pumps
cycle on and off. They also compensate for changes in pressure due to leaks and thermal expan-
sion of the working fluid.

Install a variable speed drive on the hydraulic pump.

The variable speed drive varies the pump speed to match the hydraulic oil needs of the system.
This provides smooth response and results in significant energy savings.

Install variable displacement pump for variable hydraulic loads.

Install pressure compensation to unload the hydraulic pump.



Injection molding or extrusion
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" General Notes

For additional information, please refer to the following web sites:

http://www.energy.wsu.edu/industry/research.htm  http://www.oit.doe.gov/pdfs/bestpractices.pdf
http://www.ecw.org
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Yes No Does the manufacturing process involve Extrusion or Injection Molding?
The following energy savings opportunities should be evaluated:
Install a variable speed extruding machine.

The drive runs at the minimum speed necessary for the product being produced. The input signal
to the drive is typically a 4 to 20mA control signal that maintains the desired set-point.

Insulate heater bands to reduce thermal losses.
Grind and reuse reject parts and trim pieces.

Is a chiller used to cool the hydraulic 0il?

Yes L] No []

Cool the hydraulic oil with a closed- loop cooling tower circuit.




Veneer Dryers
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" General Notes

For additional information, please refer to the following web sites:
http://www.energy.wsu.edu/industry/research.htm
http://www.oit.doe.gov/pdfs/bestpractices.pdf

http://www.amca.org
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Does the manufacturing process involve the use of Veneer Dryers?

Yes L] No []

The following energy savings opportunities should be evaluated:
Perform an air balance on the dryer.

Provide uniform drying, sufficient air circulation, optimize air contact with
product.

Install electronic dryer controls (VSD) to control drying time.

Install VSD fan control if there is a significant variation in species and mois-
ture content of the product being dried.

Plastic bearings reduce friction loss and last longer than carbon/steel bearings.
Investigate alternate drying methods:

- Infra-red

- Microwave

- Radio frequency

Preheat dryer makeup air with heat from exhaust.



Kiln Drying
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" General Notes

For additional information, please refer to the following web sites:
http://www.energy.wsu.edu/industry/research.htm
http://www.oit.doe.gov/pdfs/bestpractices.pdf

http:www.amca.org/

f®> ook orask ?

—

Does the manufacturing process involve Kiln Drying?

Yes L] No []

The following energy savings opportunities should be evaluated:

Retrofit kiln fans to maintain optimum speed throughout the drying cycle by
installing VSD fan control.

Repair baffles, stack lumber and trim ends to prevent the air flow from short
circuiting the load.

Install zone temperature control to save energy and improve uniformity of
drying.

Install steam recovery.




Energy Management

The following energy savings opportunities should be considered:

e Have the utility explain how the total energy consumption, demand charges, and
power factor penalties are determined for the facility. Discuss options to reduce
these charges.

e Switch to a different billing schedule if applicable. Consolidate accounts.

e Install power factor correcting capacitors - individual capacitors on motors, or au-
tomatically switching banks at the facility service entrance to minimize power fac-
tor penalties.

e Install demand controller/ load shedder to reschedule/distribute high demand loads
to reduce demand charges.

e Install temporary or permanent meters to validate the billing data for electricity and
water consumption.






Notes
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