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BOC Certification Exam Resource Guide

Section Bi Operate Energy Using Systems for High
Performance Citations

INTRODUCTION

Section B of the exam covers the critical work functions¥perate Energy Using Systems for High
Performance The reading list in this resource guide is targeted to the content of the exam questions in
this section of the exam. It is organized by topic area as noted in the Table of Contents. Each section
provides the source of the citation, a link to where it can be found online, and a set of study questions
about the content in the citation, followed by a paragraph or two of the material specific to the exam
guestion. The study questions serve as guidance for independent study as candidates prepare for the
exam. In addition to the study questions, the reading list provides practice questions and answers from
the early versions of the certification exam. The study questions and practice questions are also
covered in the BOC Exam Prep Webinar Sefiip (//www.theboc.info/certifications/exam/preparing
for-exam). Additional resources are provided in the form of PDF documents which provide further
discussion and useful illustrations, tables and figures. We recommend exam candidates familiarize
themselves with the content and be prepared to answer the questions posed in each section.

Study Questions: These questions provide guidance for independent study of the topics in the Resource
Guide. Study questions do not represent actual questions on the certification exam. Study questions
appear under each citation in this document.

Practice Questions: These are questions that appeared on earlier versions of the certification exam and
which have been retired from circulation. Practice questions are provided on the last page of this
document.

Section B- Exam Blueprint Skill Areas and Number of Questions

1 Operate equipment settings and system control pointd 6 questions)
o Verify proper operation of building systems and equipment.
Optimize system performance
Operate HVAC system components to optimize energy savings.
Review and revise sequence of operation for building systems.
Conduct a review of the building automation system to verify proper operation.
Implement lighting strategies to optimize energy performance.
Program control systems for efficient operation.
Read a controls diagram for pneumatic and DDC controls.
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0 Maintain an upto-date controls sequence for pneumatic and DDC controls.
o Perform adjustments to equipment operation to optimize energy savings.
1 Measure and monitor energy performance 11 questions)
o Conduct measurement and verification activities.
Monitor key performance indicators (KPI) to optimize energy performance.
Install sensors to monitor building conditions.
Implement an energy management program
Analyze system performance
Identify cost saving measures
o Respond to changing energy costs
1 Sustain energy performance (4 questions)
o0 ldentify sustainability opportunities
o Implement building energy management procedures.
o0 Implement water conservation strategies.
o Periodically review and revise building occupancy schedules.

O O O O O

Table of Contents

1. Building Systems
HVAC

Refrigeration
Building Controls
Electrical & Lighting
Ventilation systems
Compressed air
Building Envelope
RetrocCommissioning
Energy Management
Tools for Measurement & Verification
Miscellaneous

Practice Questions
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Reading List

1. Building Systems HVAC Systems & Equipment

HVAC Systems & Equipment

Boiler Safety and WatdPressure Relief Valves, Integrated, Construction Manuals
https://constructionmanuals.tpub.com/14259/css/B&8ketyandWaterPressureéRelief-Valves
236.htm

STUDY QUESTIONS:

What is the purpose of the low water fuel cutoff and water feeding devices?

To ensure safe boiler operation, what maintenance checks should be undertaken for the following
system components?

Piping:
Water columns and gauge glasses:
Low water fuel cutoff:

1 Steam gauge:

= =4 =

What are the recommended settings for boiler safety and water pressure relief valves?

What maintenance checks should be taken to ensure the settings are correct and the system is
performing as it should?

What are the steps involved in these safety and pressure relief valve tests?

Who is qualified to perform these tests?

Boiler Safety and Water Pressure Relief Valves
Steam and Water Piping Testing

While the boiler is operating, examine all steam and water piping, including connections to the
columns, for leakdf any leaks are found, determine if they are the result of excessive saased
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by expansiorandcontractionor other causes. Listen for water hammer; if found, determine the cause.
Look for undue vibration, particularly in piping connections to the boiler. Where excessive vibration of
piping is found, examine connectioaisd partsfor crystallization.

Water Columns and Gauge Glasses

With steam on the boiler, blow down the water columns and gauge glasses and observe the action of
thewaterin theglassto determinaf the connectiorto theboiler or theblow off pipingis restricted or

not properly free. This will help you determine the tcoeditionof high- andlow- wateralarmsand

of theautomaticcombustion equipment.

Devices

While the boiletis operating, the individuahechanismef LOW-WATER FUEL CUTOFFand/or
WATER-FEEDINGDEVICES operatdo assuregheyfunctionproperly. Where float-operatediow-
watercutoff or waterfeeding device or a combination lemater fuel cutoff and watdeeding device

is provided, itooperationshouldbetestedby openingthe drain tothefloat bowl anddrainingthe bowl

to thelow- waterlevel of theboiler. Whenthelow-water point is reached, the mechanism of the low
water fuelcutoff shouldfunctionandshutoff thefuel supply to the boiler until boiler water is added to
the proper level. Also, at the lewater point, the mechaniscontrollingthefeed watesupply should
functionto startthefeed water. Where there is a lavater fuel cutoff device controlled by excess
temperature generated in a temperature element located inside the boiler, its operation may be tested by
blowing off the boiler to its allowable lowater level. On or before the lewaterlevelis reached, the
deviceshould functiorto shutoff the boiler fuel supplyuntil boilerwateris addedo the properlevel.

On hightemperaturavaterboilers,theflow throughtheboiler shouldberestrictedto the minimum
allowed,asshownbyt he manuf act ur €he point awhich fuacutoffragesptheet a .
shouldbenotedand adjustment:adeasrequired. With steam on the boiler, observe the STEAM
GAUGE pointer for sticking or restriction of its movemeBiiow downthe pipeleadingto the gauge

to assurdhatit is free. Attachanapproved tesgjaugeto the pipe nipple providedfor this purpose and
compare the accuracy of each steam gauge on the boiler with that of the test gaugeat¢hescy

of anygaugeis evidencedr suspectedt shouldberemovedandcalibrated by means of a deadweight
gauge tester or other devidesignedor this purposeWhen several boilers are in service and
connected to a common steam main, compare the readings of the separateAfjauges.
TEMPERATUREINDICATING DEVICES shouldbe observedor indicationsof excessive
temperatureparticularlyduringand immediatehafterthetime high-loaddemandsre made on the
boiler. While the boiler is operating undesrmalconditions,observehe operation ofall METERING
AND RECORDINGDEVICES. Whenthereis evidencehatanysuch devices notfunctioning
properly,it shouldbe adjusted,epairedor replacedasnecessary.

© 2024 Northwest Energy Efficiency Council



BOC Certification Exam Resource Guide - Section B

Blow off Valves

Testthe freedomof eachblow off valve and itsconnectiondy openingthe valve andblowing off the
boiler for afew secondsDetermine ifthevalveis excessivelyorn or otherwise defective, and if there
is evidence of restrictions the valve or connectegiping preventing propeblow off of theboiler.

Stop and Check Valves

While theboileris operatingjnspectthe operating condition of each stop and check valve where
possible Seriousdefectsof externally controllegtopvalvesmaybedetectedy operatinghevalve

whenit is underpressure. Similarly, defects in check valves maybe detected by listening to the
operation of the valve or observing any excessive vibration of the valve as it operates under pressure.

PressureReducing Valves

While thereis pressuren the systemppen andhenclosethe bypassralve assafetyand operating
conditionspermit. Also, observehe fluctuationof the pressurgaugepointerasan aid in determining
possible defects in the operatiofithe pressureaeducingvalve or the pressure gaugéook for any
evidencehatmayindicate impropeconditionof therelief or safetyvalves providedor the pressure
reducingvalves.

Boiler Safety and Water Pressure Relief

ValvesTesttheblow off settingof eachsafetyvalve for steam boilers and each wateessure relief
valvefor hotwaterboilersby raisingtheboiler pressure slowly to the blow off point. In turn, test the
releasingpressuref eachvalve,gagging allothersafetyor relief valvesexceptthe one being tested.
Observe the operation of each valve as blow off pressure is re@dmagare thdlow off settingwith
settingrequirements specifigd paragrapHh or 2 of this section, aspplicable andmakeadjustments
where necessary. When the steam discharge capacity of a safety valve is questionable, it should be
tested byoneof themethodgyivenin paragrapl8 of this section.Whenthe pressureelieving capacity

of apressureelief valveis questionableif should beestedaccordingto the proceduregiivenin

paragraphd of this section.

1. SAFETY VALVES SETTING REQUIREMENTS.Note this word of cautiorBefore adjusting
safety valves on electric steam generators, be sure that the electric power circuit to the
generator is opef.he generator may be under steam pressure, but the power line should be
open while the necessary adjustments are being made. At least one safety valve should be set to
release at no more than the maximum allowable working pressure of the steam boiler. Safety
valves are factory set and sealed. When a safety valve requires adjustment, the seal should be
broken, adjustmentmade, andhevalve resealed by qualified personnel only. When more than
one safety valve is provided, the remaining valve or valves may be set within a range of 3%
above the maximum allowable working pressure. However, the range of the setting of all the
safety valves on the boiler should not exceed 10% of the highest pressure to which any valve is

5
© 2024 Northwest Energy Efficiency Council



BOC Certification Exam Resource Guide - Section B

set. Each safetyalve shouldreseatightly with a blowdownof not morethan?2 psigor 4% of

the valve setting, whichever is greater. In those cases where the boiler is supplied with feed
waterdirectly from the pressuremain withoutthe useof feedingapparatugnot including return
traps), no safety valve should be set at a pressure greater than 94% of the lowest pressure
obtained in the supply main feeding the boiler.

2. PRESSURERELIEFVALVE SETTING REQUIREMENTS. At least one pressugdief
valve should be set to release at not more than the maximum allowable working pressure of the
hotwater boiler. When more than one relief valve is provided on eithexdietr heating or
hotwater supply boilers, the additional valve (or valves) may be set within a range not to
exceed 20% of the loweptessurao which anyvalve isset.Each pressureslief valveshould
reseat tightlywith a blowdownof not morethan25% ofthevalve setting.

3. SAFETY VALVE CAPACITY TEST. Whertherelieving capacityof any safetyvalve for
steam boilers is questioned, it may be tebiedneof thethreefollowing methods:

a) By theaccumulatiortest,which consists of shutting off all other steaiischarge
outlets fromthe boiler andforcing thefiresto the maximumThe safety valve capacity
should be sufficient to prevent a pressure in excess of 6% above the maximum
allowable working pressure. This method should not be used on a boiler with a
superheater or reheater.

b) By measuring the maximum amount of ftlghtcanbe burnedandcomputingthe
correspondingvaporativeeapacity(steam generatingsapacity)uponthe basisof the
heating value of this fuel. These computations should be made as outlined in the code.

c) By determining the maximum evaporative capacity by measuring the feed water. When
either of the methods outlined in (b) or (c) above is employed, the sum of the safety
valve capacityshouldbe equalto, or greaterthan, themaximumevaporativecapacity
(maximum steangeneratingcapacity)of theboiler.

d) If youdiscoverthattherelieving capacity is inadequate because of deficiencies in the
valve, the valve should be repaired or replaced. If the relieving capacity of the valve is
found to be satisfactory within the proper relieving rangietalve butinefficient for
the steam generatingapacityof the boiler, additionalsafety valvecapacityshouldbe
provided.

4. D.PRESSURERELIEFVALVE & CAPACITY TEST.Whentherelievingcapacityof any
pressureelief valvefor hotwaterboilersis questioned, the capacity can be tested by turning
the adjustment screw until the presstekef valve is adjusted to the fully open position. The
pressure should not rise excessiviifhen the test is completed, reset the pressalief valve
to the required setting. This test is made with all water discharge openings closed except the
pressurerelief valve being testedWhenthedischarges led through a pipe, determine at the
time the valve is operating if the drain opening in the dischargda<iyee properlyfree,or if
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thereis evidence obbstructionelsewherensidethepipe.If deemed necessary to determine the
freedom of discharge from the valve, the discharge cdimmeshould be removedfter
completingtestsandadjustmentstheinspectorshouldsealthe safetyadjustmento prevent
tampering.

Boiler Auxiliaries

While theboileris operatingundernormal conditionspbservethe operationof all boiler auxiliariesfor
anydefectshatmayprevent proper functioning of the boiler or indicate a lacgropermaintenance

of auxiliary equipment. Theinnecessaryseof multiple auxiliariesor the use of a large auxiliary

during a lightload period (whem smallerauxiliary could be substituted) shoulde discouragedThe
maximumuseof steamdrivenauxiliariesshortof atmospheric exhaust should be encoura§ezsam

leaks, wastag®m atmosphereandsoforth, shouldbe calledo the attentionof operatingoersonnel.

Particular attention should be given to deaerator venting pracecging shouldbeheldto the
minimumrequiredto precludeoxygenentrainment in the feed water. Whiatermittentlyoperating
condensate pumps are used, look for any tendency toward creation of a vacuum when a pump starts. If
this happens:ecommendnstallationof a small, continuously operating, flo#trottled, condensate

pump (in parallel with intermittently operating pumps) to assure a condensate flow at all times. If there
are a number of intermittently operating condensate pumps, it may be possinedaoneof them

(if of smallenough capacitytp continuoughrottledoperation.

Circuit Setter Balance Valve

https://www.nationalpumpsupply.com/117418kll-gossetich-1-2-circuit-setterbalancevalve-1-2/

STUDY QUESTION:

What is the purpose of a circuit setter balance valve?

The plumbing valve, in simple terms is what you use to control the flow of water in a water system.

The Circuit Setter Balance Valve is a calibrated balance valve designed specificallydet pre
proportional system balance for use with terminal and fan coil units. This system balance method,
assures optimum system flow balance at minimum pump operating horsepower. Terminal unit balance
valves can be simply piget using the circuit setter curves and the system piping plan. With this
procedure, system balance and stigrtime is reduced dramatically.

When it comes to plumbing, a circuit setter valve is used to optimize the pressure between hot and cold
water within the potable water system.
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The earlier trends were to use a check valve and a ball valve. The check valve would close a hot or
cold water flow if there was an impulsive fall in the pressure and the ball valve made use of a memory
stop to control the flow.

This helped to avoid the cold or hot water blkee@r if case of increased or decreased pressure
conditions in the piping system.

How to find the right circuit setter valve?
Before you buy a circuit setter you need to first determine these features:

1 The adjustment range of the circuit setter valve

1 The kinds of test ports available on the valve. The valves need to have a port for temperature
and another one for pressure.

1 The valves should allow provision for a partial shut down for isolation purposes

Gasket Plate Heat Exchanger

http://www.jiawetlphe.com/GaskdPlateHeatExchanger.html
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STUDY QUESTIONS:

How does a plate heat exchanger work?

What is the benefit of using a plate heat exchanger over a shell and tube unit?

Standard Design

The plate heat exchanger consists of a pack of corrugated metal plates with portholes for the passage of
the two fluids between which heat transfer will take place. The plate pack is assembled between a fix
frame plate and a movable pressure plate and compressed by tightening bolts. The plates are fitted with
a gasket which seals the inter plate channel and directs the fluids into alternate channels. The number
of plates is determined by the flow rate, physical properties of the fluids, pressure drop and

temperature program. The plate corrugations promote fluid turbulence and support the plates against
differential pressure. The frame plate and the pressure plate are suspended from an upper carrying bar
and located by a lower guiding bar, both of which are fixed to a support column. Connections are
located in the frame plate or, if either or both fluids make more than a single pass within the unit, in the
frame and pressure plates.

Working principle

Channels are formed between the plates and the corner ports are arranged so that the two media flow
through alternate channels. The heat is transferred through the plate between the channels, and
complete countecurrent flow is created for highest possible efficiency. The corrugation of the plates
provides the passage between the plates, supports each plate against the adjacent one and enhances th
turbulence, resulting in efficient heat transfer.

Efficiency and Flexibility

High heat transfer efficiency

Easy to repair and cleaning

Low fouling factor

Compact structure, lightweight

Easy to adjust heat transfer surface or plate arrangement
Small temp. differential

= =4 =4 4 -4 -
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Size comparision between shell-and-tuve
unit and Gasket PHE

With the compact
designs plate heat
3 oxchangers occup

up to 50% less sapce
than a comparable shall-
tube unit,

Steam Traps, Energy Management Handbook
STUDY QUESTIONS:

What is the purpose of a steam trap?

What happens when a steam traps fails open?

© 2024 Northwest Energy Efficiency Council
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Reviewdiscussion of Steam Traps on this

page.

R
ENERGY M ANAGEMENT H,mgm

to work properly, the fact should be noted and the
valve fixed by a boiler service representative at the
first opportunity.

2. Airsupply should be kept open so that the boiler can
have enough combustion air at all times. Restricting
combustion air by blocking the boiler air openings or
by blocking all air openings into the boiler room can
create a buildup of carbon monoxide and/or cause
the boiler to operate inefficiently.

3. Low-waterand high-water gauges and controls should be
flushed periodically toremovesludge. If studge builds
up in a float-operated valve, the valve can fail to
operate, with expensive consequences to the boiler.
The gauges should be flushed periodically and should
not be allowed to get rusty or clogged.

4. Combustion controls should be inspected regularly and
adjusted if sooting or burner wear is taking place.
Sooting causes a great drop in boiler efficiency (see
Table 14.12), and burner wear can cause irregular
firewall wear, inefficient combustion, and the need
for increased boiler maintenance. It is generally
worthwhile to have your combustion controls in-
spected at least annually.

5. Tubes can be cleaned if scaling occurs by removing
head plates at either end and running a special brush
through each tube. For detailed procedures and
hecessary safety precautions, see your local boiler

service representative. Tubes can be replaced if nec-
essary, butthe job calls for special skills and should be
done by someone trained for this job.

14.2.3 Steam Traps8

A steam trap is a mechanical device used to remove air,
carbondioxide, and condensed steamand to prevent steam
from flowing freely into the outside air from steam distri-
bution systems. Steam traps are necessary for several
reasons. If air is not removed from steam, the oxygen can
dissolve in low-temperature steam condensate and help
cause corrosion of the valves, pipes, and coils in the steam
distribution system. If carbon dioxide is not removed, it
can combine with steam condensate to form carbonic acid,
another major source of corrosion in the steam distribution
system. Air and carbon dioxide also act as insulators to
impcede heat transfer from the steam; their presence creates
a partial pressure that lowers the steam temperature and
the heat-transfer rate.

Perhaps the main function of steam traps, however,
isto permit the removal of steam condensate from a system
while simultaneously preventing the free escape of steam
into the air outside the steam distribution system. In this
last function, the energy of the steam is kept within the

© 2024 Northwest Energy Efficiency Council
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System, and the amount of the live steam within the facilj
is controlled. '

Steam traps occur as parts of nearly every steam
distribution system. They are often not maintained, a
this lack of maintenance can create a hidden cost that ;
significant. The cost of a steam trap failure is dependen
upon the failure mode, with a strong dependence upon th
original design. The two main failure modes are failin
openand failing shut, and the design consideration of mg
maintenance interest is proper drainage. Consider these
problems in turn.

Problems if Trap Fails Open

Ifa trap fails open, live steam flows directly from the steam
system through the trap, and either a pressure buildup is
caused in the condensate return system—if the trapexitsto
that system— or the steam is released directly to theair. |
the first case, the back pressure in the condensate lines may
cause other steam traps to fail, and the condensate may not
be removed from the steam distribution system. In the
second case, steam discharging to air costs as much as any
otherkind of steam leak and creates pressure losses. Th

costs can be estimated using Table 14.17 and the formu

1100 Btu/Ib , energy cost/million Btu
boiler eff. 1,000,000

C = waste x

C = energy cost per month due

steam loss -

number of pounds of stea

wasted per month, from Tabl
14.17 :

1100 Btu/1b = approximate value for tot

heat in saturated steam at 1

psi =

boiler eff. = boiler efficiency, usually 60

80% e

energy cost/million Btu = cost that can be obtained fro

your fuel supplier

where

waste =

These figures are close estimates for steamat 1 00-psi
pressure; for other pressures between 50 and 200 psi, th
cost is nearly proportional to the pressure, using 100
and Table 14.17. ;

Problems if Trap Fails Shut

Ifa steam trap fails shut, it acts like a plug in that part of the
steamsystem. Condensatebuilds upandcools, heatt_ran_s_fef
stops, and noncondensable gases dissolve in the water an
create corrosion in the pipes and in the equipment served
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Ventilation Systems

http://www.trane.com/content/dam/Trane/Commercial/global/proesysdtems/educatien
training/engineermewsletters/airsiddesign/admapn003en_0502.pdf

Review the | ink above or the PDF provided tit]l e
STUDY QUESTIONS:

What are the forces that affect building pressure?

Why does pressurization matter?

What are differences between relief air flow, exhaust air flow, and intake air flow?

Applications and Exception for Air Side Economizers

https://www.pnnl.gov/projects/othestpractices/aksideeconomizers

STUDY QUESTION:

What are the seven ASHRAE recommended applications for air side economizers?

What are the exceptions?

BOC 1001i Energy Efficient Operation of HVAC Systems

An airside economizer is defined by the American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE) as, "A device that, on proper variable sensing, initiates control
signals or actions to conserve energy." A high limit sifimust be used and it will stop economizer
operation when cooling loads cabé reduced by using outdaar. The figure below defines the high
limtshutof f points for various readings. ACZ0O0O is ¢

12
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ASHRAE 90.1 Economizer

High Limits

Economizer Device Limit
Type

Fixed Dry Bulb OAT > 70F

Differential Dry Bulb OAT > RAT
Fixed Enthalpy OAH > 28 BTU / #
Electronic Enthalpy (OAT, OArh) > A

Differential Enthalpy OAH > RAH

Dew-point and dry-bulb Dew point OA >55F
temperatures OAT > 75F

VAV System Static Pressure Setpoint Reset

Not allowed CZ 5A
(So. lllinois)

Not allowed CZ 5A

OAT RH exceeds the
“A” setpoint curve

Outdoor air enthalpy
exceeds return air
enthalpy

OAT exceeds 75F or
outside dewpoint
exceeds 55F

Steven T. Taylor, P.E., Fellow ASHRAE|r/&ystem Engineering & Technolo@onferenceMarch

2018

https://www.amca.org/assets/resources/public/pdf/Taylor%20VAV%20Design%20Tips.pdf

STUDY QUESTIONS:

What is static pressure reset?

Reset can generate % fan energy savings compared to fixed setpoints?

What is fan surge?

© 2024 Northwest Energy Efficiency Council
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Supply air fans on variable air volume (VAV) systems are typically controlled to maintain static
pressure in the duct system at a given setpoint. Since 1999, ASHRAE Standard 90.11 has required that
this setpoint be reset for systems with direct digital controls (DDC) at the zone level, specifically:

Setpoint Reset. For systems with direct digital control of individual zone boxes reporting to the central
control panel, static pressure setpoint shall be reset based on the zone requiring the most pressure;
i.e., the setpoint is reset lower until one zone damper is nearly wide open.

Californiads Title 24 Energy Standards include
benefits of static pressure setpoint reset and describes successful setpoint reset control sequences.

Energy Savings

Figure 1 (see PDF at link above or provided here titted ASHRAE Supply Air Reset) depicts the part

load energy performance of a typical centrifugal fan with a variable speed drive at various static
pressure setpoints. These curves include the impact of variable speed drive and motor efficiency as a
function of load and fan efficiency as a function of operating point, but for simplicity they assume
pressure drop varies as the square of airflow. The figure shows that the lower the setpoint, the lower

the fan energy and the lower the minimum airflow rate before the fan operates in the surge region.

Fans operating in surge can experience substantial vibrations, noise and a drop in fan efficiency. For
systems with DDC at the zone level, Standard 90.1 and Title 24 require that static pressure setpoint be
dynamically reset so that one damper is nearly wide open, depicted schematically in Figure 2 (see PDF
at link above). This is clearly the most efficient operating condition since the fan need not generate any
more pressure than required to satisfy the fAcri
also improves fan efficiency, which drops off as the fan operates at low load and high static pressure,

in particular if the fan operates in surge. If the static pressure is perfectly reset, at zero airflow, zero
static pressure would be required and the syst:¢
of their complex physical layouts, varying system geometry as VAV dampers open and clese, non
simultaneous variations in zone loads, and other factors, real fan systems will not perform quite this

well. Nevertheless, reset can generate fan energy savings on the order of 30% to 50% compared to
fixed setpoints.

Refrigeration Systems

Performance and efficiency terminology related to heatgsuamd air conditioning systems.
http://www.engineeringtoolbox.com/coolifeeatingefficiencyd _410.html

STUDY QUESTIONS:

The higher the COP rating for a cooling equipment product indicates what?

14
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How does IPLV differ from standard COP and EER ratings?

For what equipment is it commonly used as the rating?

What is the difference between Heating Seasonal Performance Factor and SEER?

Commonly used performance and efficient terminology in connection with cooling and heating
systems:

: Design Rated Seasonal Average
Operating Mode Conditions Conditions
COP COP
Cooling EER IPL
kW/ton SEER
COP AFUE
Heating Ec COP
Et HSPF

SEER- Seasonal Energy Efficiency Ratio

The term SEER is used to define the average annual cooling efficiency ofcanditioning or heat

pump system. The term SEER is similar to the term EER but is related to a typical (hypothetical)
season rather than for a single rated condition. The SEER is a weighted average of EERs over a range
of rated outside air conditions following a specific standard test method. The term is generally applied
to systems less th&®,000 Btu/hThe units of SEER ai&tu/Wh It is important to note that this

efficiency term typically includes the energy requirements of auxiliary systems such as the indoor and
outdoor fans. For purposes of comparison, the higher the SEER the more efficient the system.
Although SEERs and EERs cannot be directly compared, the SEERs usually ran@ tmin0

higher than corresponding EERSs.

15
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COP- Coefficient of Performance

COP- Coefficient of Performancis the ratio of cooling or heating to energy consumption and can be
expressed as

COP = useful energy transferred to the system per hour / energy applied to the system per hour

A refrigerator with &COP of 2 moves2 Wattsof heat for every Watt of electricity consumed. An air
conditioner with a COP of moves4 Wats of heat for every watt consumed.

COP may also be used for domestic heating. An electric heater has a COP of 1. Each watt of power
consumed producdsWattof heat. Conventional heat pumps have COP-@, delivering2to 5
times the energy they consume.

Example- Hot Water Radiator System

COP =500 q dt/3143 P (1)

where

g = hot water flow (gal/min)

dt = temperature difference between supply and return wégr (
P = input power to pump (kW)

EER - Energy Efficiency Ratio

Room air conditioners in general range from 5,000 Btu per hour to 15,000 Btu per hour. Select room
air conditioners witlEEER of at least 9.0 for mild climates. In a hot climates, select air conditioners
with EER over 10.

KW/t
IPLV - Integrated Part-Load Value

The term IPLV is used to signify the cooling efficiency related to a typical (hypothetical) season rather
than a single rated condition. The IPLV is calculated by determining the weighted average efficiency at
partload capacities specified by an accepted standard. It is also important to note that IPLVs are
typically calculated using the same condensing temperature for ea¢bgaacbndition and IPLVs do

not include cycling or load/unload losses. The units of IPLV are not consistent in the literature;
therefore, it is important to confirm which units are implied when the term IPLV is used. ASHRAE
Standard 90.1 (using ARI reference standards) uses the term IPLV to report seasonal cooling
efficiency for both seasonal COPs (uleiss) and seasonal EERs (Btu/Wh), depending on the

equipment capacity category; and most chillers manufacturers report seasonal efficiency for large
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chillers as IPLV using units of kW/ton. Depending on how a cooling system loads and unloads (or
cycles), the IPLV can be between 5 and 50% higher than the EER at the standard rated condition.

IPLV can be expressed as:

IPLV=1/(0.01/A+0.42/B+0.45/C +0.12/D) 2)
where

A = kW/ton at 100%

B = kW/ton at 75%

C = kW/ton at 50%

D = kW/ton at 25%

nc or Ec - Combustion Efficiency

For fuelfired systems, this efficiency term is defined as the ratio of the fuel energy input minus the

flue gas losses (dry flue gas, incomplete combustion and moisture formed by combustion of hydrogen)
to the fuel energy input. In the U.S., fdigkd efficiency are reported based on the higher heating

value of the fuel. Other countries report ffiedd efficiency based on the lower heating value of the

fuel. The combustion efficiency is calculated by determining the fuel gas losses as a percent of fuel
burned. [E = 1- flue gas losses]

Thermal Efficiency (n: or E)

This efficiency term is generally defined as the ratio of the heat absorbed by the water (or the water

and steam) to the heat value of the energy consumed. The combustion efficiency-fifedfgsgstem

will be higher than its thermal efficiency. See ASME Power Test Code 4.1 for more details on
determining the thermal efficiency of boilers and other-firetl systems. In the U.Syel-fired

efficiency are typically reported based on the higher heating value of the fuel. Other countries typically
reportfuedf i red efficiency based on the fuel Ns | ower
higher heating value and its lower heating value is the latent energy contained in the water vapor (in

the exhaust gas) which results when hydrogen (from the fuel) is burned. The efficiency of a system
based on a fuel Njs 10dovis¥h i lydatri ndpanaliue edrdilte en
higher heating value.

HSPF - Heating Seasonal Performance Factor

The term HSPF is similar to the term SEER, except it is used to signify the seasonal heating efficiency
of heat pumps. The HSPF is a weighted average efficiency over a rangdd# autsonditions

following a specific standard test method. The term is generally applied to heat pump systems less than
60000 Btu/Hrated cooling capacity.) The units of HSPF are Bth/dt is important to note that this
efficiency term typically includes the energy requirement of auxiliary systems such as the indoor and
outdoor fans. For purposes of comparison, the higher the HSPF the more efficient the system
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Enthalpy

http://www.engineeringtoolbox.com/psychrometigemsd _239.htm] The Engineering ToolBox,

STUDY QUESTIONS:
TIP: Be able to read a psychrometric chart using two given properties to determine a state point.

What is enthalpy?

How is it determined on the psychrometric chart?

Psychrometry is the science of studying thermodynamic properties of moist air and the use of these to
analyze humid air conditions and processes. Air conditioning processes can be determined with
psychrometric charts and Mollier diagrams. Common properties in the charts include

dry-bulb temperature
wet-bulb temperature
relative humidity (RH)
humidity ratio

specific volume

dew point temperature
1 enthalpy

= =4 =4 4 -4 -

With at least two known properties it is possible to characterize the air in the intersection of the
property lines the statepoint. With the intersection point located on the chart or diagram other
properties can be read directly.

Enthalpy - h

Enthalpy is the measure of the total thermal energy in air.
Energy content is expressed as energy per unit weight of air (Btu/lbair, J/kgair).

Enthalpy in the psychrometric chart can read from where the appropriabeilveine crosses the
diagonal scale above the saturation curve.

Air with the same amount of energy may either be drier hotter air (higher sensible heat) or cooler
moister air (higher latent heat).
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Moist air is a mixture of dry air and water vapor. In atmospheric air water vapor content varies from 0
- 3% by mass. The enthalpy of moist and humid air includes the

1 enthalpy of the dry airthe sensible heat
1 enthalpy of the evaporated water in the-aire latent heat

The total enthalpy sensible and latentis used when calculating cooling and heating processes.

Refrigeration tons to BTU per hour conversion

https://www.rapidtables.com/convert/powerAbtgton.html

STUDY POINTERS:

1 Understand how to convert Refrigeration tons (RT) to BTU per hour (BTU/hr).
1 Review the formulas and conversion table below.
1 Be prepared to read the table and perform a conversion.

How to convert tons to BTU/hr
One refrigeration ton is equal to 12000 BTUs per hour:
1 RT = 12000 BTU/hr

One BTU per hour is equal to 8.33333®16frigeration ton:
1 BTU/hr = 8.33333x1ORT

So the poweP in BTUs per hour (BTU/hr) is equal to 12000 times the pdwver refrigeration tons
(RT):
P@Tumnn = 12000 XPrT)

Example
Convert 2 RT to BTU/hr:
P@eTumn = 12000 x 2 RT = 24000 BTU/hr
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Tons to BTU/hr conversion table

Power (tons Power (BTU/hr)

0.1RT
0.2RT
0.3 RT
04 RT
0.5 RT
0.6 RT
0.7RT
0.8 RT
09RT
1RT
2RT
3RT
4 RT
S5 RT

1200 BTU/hr
2400 BTU/hr
3600 BTU/hr
4800 BTU/hr
6000 BTU/hr
7200 BTU/hr
8400 BTU/hr
9600 BTU/hr
10800 BTU/hr
12000 BTU/hr
24000 BTU/hr
36000 BTU/hr
48000 BTU/hr
60000 BTU/hr

Hot Gas By Pass

BOC Certification Exam Resource Guide - Section B

https://www.trane.com/content/dam/Trane/Commercial/global/prodystems/education

training/engineersiewsletters/direeexpansiorsystems/adm_apn007_en_0503.pdf

Paul Solberg & Brenda Bradley, Blessing or Clir$tot Gas By Pass, Trane Engineering Newslétter

Vol. 32, No.2, American Standard, Inc. 2083e e PDF at the | ink above
Gas Bypass_Traneo for page 2, Figure 1.
STUDY QUESTIONS:
What is hot gas bypass?
When is it appropriate to implement HGBP?
20
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Why is HGPB best to avoid?

Apply HGBP as a last resort Only use hot gas bypass if all other design options fail to meet the
demands of the application. To make this determination, it is critical to:

Understand the yearround loads and requirements of the system.

AMost comfort cooling applications can operate
or humidity control. o Not only does this statel
cooling, when the outdoor latent load is high, but it also holds true for the step between off-and first
stage cooling when the outdoor latent load is comparatively low.

Choose the right arrangementHot gas bypass is arranged in one of two ways (see the comparison in
Table 1, p. 4); both require special care during design and installation.1 HGBP to the evaporator inlet
delivers hot refrigerant vapor between the expansion valve and the distributor (Figure 1). During
HGBP operation, the expansion valve meters enough liquid refrigerant to kstipeldeat the

bypassed vapor and satisfy the evaporator loadrddudting refrigerant flow rate is sufficient to carry

oil through the coil and suction line. HGBP to the suction line bypasses both the condenser and the
evaporator, diverting hot vapor from the compressor discharge directly to the suction line (Figure 2). A
liquid-injection valve meters liquid refrigerant into the stream of bypassed vapor, cooling it enough to
prevent the compressor motor from overheating.

Do not oversize the systemAn oversized system quickly meets the sensible load without satisfying
the |l atent | oad. Adding HGBP ma yunnmdedsarily laghe t hi s
power bills. Once again, understanding the year round loads and properly sizing the system to match
them is paramount to providing thermal comfort (controltexyperature and humidity) and

eliminating the need for HGBP.

Select equipment with multiplestep refrigerant circuits. The logic for avoiding system oversizing
also supports the choice of multieep refrigerant circuit(s) whenever possifilee capacity of an
unloading refrigerant circuit will attempt to match a reduoed at better balance points.

Select an evaporator coil that can maintain a high suction temperatur® permit the system to
aggressively stage down before a frost condition develops. In all cases, the design should maximize the
suction temperature while maintaining the desired conditions. For comfort caplafigations, the

minimum saturated suction temperature at design should be 43°F to 45°F for wavlabie air

distribution (VAV), or 40°F to 43°F for constamblume air distribution (CV). Coils with intertwined

circuits tend to reduce the risk of coil frosting because they use more of the available fin surface (than
facesplit coils) at paroad conditions. This allows the system to operate at higher suctions and more
reliable balance points.

Figure 1. Hot gas bypassed to evaporator inlet (preferred arrangement for HGBP)

21
© 2024 Northwest Energy Efficiency Council



BOC Certification Exam Resource Guide - Section B

Keys to successful implementation:

1. Position the HGBP valve above the discharge line, near the compressor. If the system
includes pumgown, provide a means to shut off refrigerant flow.

2. Pitch the line upstream of the HGBP valve to drain oil back into the discharge line.

Pitch the line downstream of the HGBP valve toward the evaporator, away from the valve.

4. If the HGBP line includes a riser, regardless of height, provide a drain leg of the same
diameter as the riser. Add an-agtturn line 1 in. (25 mm) from the bottom of the trap; use
tubing that is 1/8 in. (6 mm) and at least 5 ft (300 mm) longcRaege the trap with oil.

5. Divert hot gas to each active distributor at the expected operating points for hot gas bypass.

If the HGBP line feeds multiple distributors, provide a check valve for each distributor.

7. Insulate the entire length of the HGBP line.

w

o

Chilled Water Reset Schedule

https://www.elliottenergyconsulting.com/articles/chiledterreset

STUDY QUESTIONS:

What is chilled water reset?

Reset can generate % energy savings compared to fixed setpoints?

Chilled Water Reset Schedulé An automated control logic that raises or lowers the supply
temperature of the chilled water leaving the chiller, in response to another variable such as outside air
temperature.

Freeze Stats

http://en.wikipedia.org/wiki/Freeze stat

STUDY QUESTIONS:

What is the purpose of a freeze stat?

What are typical applications?

How do mechanical and digital versions of freeze stats compare?
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When might it be advantageous to use a mechanical stat v. digital?

A freeze statis atemperature sensing devifor HVAC that monitors deat exchangeo prevent its
coils fromfreezing Freeze stats can be used on lhabnto-air, and freorto-liquid type heat
exchangers and serve different purposes with similar goals for each.

Air coll

The purpose of aair coil freeze statis to keep the refrigerato-air heat exchanger (commonly called

air coils) from freezing. This kind of freeze stat is typically used for heating coils which are exposed to
outside air and is usually installed on the supply air side of the
coil.https://en.wikipedia.org/wiki/Freeze statite notel To accomplish this, they typically shut

down the flow of outside air toraixing boxwhen the temperature reaches a predeternseguint

The setpoint for air coil freeze stats is typically about 38 degrees Fahrenheit which is approximately
when thedew pointtemperature of the air starto drop below freezing point.

Water coil

Thewater coil freeze statperforms a similar function to the air coil freeze stat, but is used on a
different type of HVAC system. Its function is to keep the fremfiquid heat exchanger (commonly
calledliquid coils) from freezingln practical situations, when an air coil freeze stat is not used,
bypassed, or defeated, the air coil can freeze, and this causes a lack of air flow to the facility. By
contrast, when a water coil freeze stat is not used, the water coil can get so cold that it can freeze the
cooling liquid in the exchanger and burst the exchanger. A ruptured heat exchanger mixes
contaminants such as freon amtinto the coolant. The intrusion of coolant into the delicately
balancedefrigeration systersan cause expensive damage to components suchfesotie

compressqgrand theeversing valve

Mechanical freeze stat

Conceptually, mechanical freeze stats are constructed wittphragm acapillary tubeand bulb, and
an electricswitch The capillary tube allows gas movement to and from the capillary bulb and the

diaphragm with a fall or rise in temperature, respectively. When the temperature reaches a specific
23
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setpoint, the pressure in the diaphragm will trip a switch which typically shuts down the flow of
outside air while the capillary bulb's temperature is at or below the setpoint. Mechanical freeze stats
can have more than one setohtacts and the contacts can b or NC.

Disadvantages

1 Capillary tube easily kinked during installation limiting effectiveness
1 Sensing bulb must be mounted horizontally
1 Diaphragm case must be mounted in a separate, warmer location for effective operation

Advantages

1 Typically inexpensive
1 Easily understood wiring

Digital freeze stat

Digital freeze stats also known aslectronicor solid statefreeze stats, use an electronic circuit,
microprocessqror microcontrollerin place of the mechanical freeze stat's diaphragm and switch. They
also use one or more electric or electronic sensors in place of the capillary tube and bulb for
temperature sensing. Digital freeze stats utilizing microcontrollers or microprocessors can also perform
more advanced functions than simply opening or closing switch contacts. Digital freeze stats can
perform seemingly intelligent operations such as reversing the refrigerant flow and using some
building heat to thaw a freeto-liquid heat exchanger and then restoring the refrigerant flow to its

normal direction once the danger of freezing water coil has been averted.

Disadvantages

1 Requires power to operate
1 Typically higher cost than mechanical freeze stats
1 More complex wiring installation
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Advantages

Multiple sensors

Sensors can be near or far

No capillary tube kinking issue

No capillary tube leaking issue

Operate in any position

Operate in varying temperatures

Programmable actions and setpoints

Can perform functions other than opening or closing a single switch

= =4 4 -4 48 4 9 2

Cooling Tower Management

Best Management Practice #10: Cooling Tower Managerieit Department of Energy:
http://enerqgy.qov/eere/femp/bastinagemenpracticel0-cooling-towermanagement

STUDY QUESTIONS:

What are the two biggest sources of water loss in a cooling tower system? (A: blowdown and
evaporation)

What are "cycles of concentrationo?

Increasing the number of cycles offers what two benefits?

Increasing cycles from three to six reduces cooling tower tupkeater by % and cooling
tower blowdown by %.
Monitoring and controlling the provides the most significant opportunity to

conserve water in cooling tower operations.

Why is it important to read conductivity and flow meters regularly?

What information should be recorded in a cooling tower maintenance log?
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(A: makeup and blowdown quantities, conductivity, and cycles of concentrition.

Is acid recommended for water treatment?

Be familiar with recommended cooling tower retrofit options.

Cooling towers dissipate heat from recirculating water used to cool chillers, air conditioners, or other
process equipment to the ambient air. Heat is rejected to the environment from cooling towers through
the process of evaporation. Therefore, by design, cooling towers use significant amounts of water.

Overview

The thermal efficiency and longevity of the cooling tower and equipment depend on the proper
management of recirculated water. Water leaves a cooling tower system in one of four ways.

1.

2.

Evaporation: The primary function of the tower and the method that transfers heat from the
cooling tower system to the environment.

Drift: A small quantity of water may be carried from the tower as mist or small droplets. Drift
loss is small compared to evaporation and blowdown and is controlled with baffles and drift
eliminators.

Blowdown: When water evaporates from the tower, dissolved solids (such as calcium,
magnesium, chloride, and silica) remain in the recirculating water. As more water evaporates,
the concentration of dissolved solids increases. If the concentration gets too high, the solids can
cause scale to form within the system. The dissolved solids can also lead to corrosion problems.
The concentration of dissolved solids is controlled by removing a portion of the highly
concentrated water and replacing it with fresh raaevater. Carefully monitoring and

controlling the quantity of blowdown provides the most significant opportunity to conserve

water in cooling tower operations.

Basin leaks or overflows:Properly operated towers should not have leaks or overflows. Check
float control equipment to ensure the basin level is being maintained properly, and check
system valves to make sure there are no unaccounted for losses. The sum of water that is lost
from the tower must be replaced by malewater:

Make-Up = Evaporation + Blowdown + Drift

A key parameter used to evaluate cooling tower operation is "cycle of concentration”
(sometimes referred to as cycle or concentration ratio). This is determined by calculating the
ratio of the concentration of dissolved solids in the blowdown water compared to theipake
water. Because dissolved solids enter the system in theupakater and exit the system in

the blowdown water, the cycles of concentration are also approximately equal to the ratio of
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volume of makeup to blowdown water.

From a water efficiency standpoint, you want to maximize cycles of concentration. This will
minimize blowdown water quantity and reduce makewvater demand. However, this can only
be done within the constraints of your makewater and cooling tower water chemistry.
Dissolved solids increase as cycles of concentration increase, which can cause scale and
corrosion problems unless carefully controlled.

In addition to carefully controlling blowdown, other water efficiency opportunities arise from
using alternate sources of malke water. Water from other facility equipment can sometimes
be recycled and reused for cooling tower magewith little or no prereatment, including:

1 Air handler condensate (water that collects when warm, moist air passes over the
cooling coils in air handler units). This reuse is particularly appropriate because the
condensate has a low mineral content and is typically generated in greatest quantities
when cooling tower loads are the highest

1 Water used once through a cooling system

1 Pretreated effluent from other processes provided that any chemicals used are
compatible with the cooling tower system

1 High-quality municipal wastewater effluent or recycled water (where available). U.S.
Environmental Protection Agency (EPA) WaterSense at Work cooling towers best
management practice.

Operation and Maintenance

To maintain water efficiency in operations and maintenance, federal agencies should:

i Calculate and understand "cycles of concentration.” Check the ratio of conductivity of
blowdown and makep water. Work with your cooling tower water treatment specialist to
maximize the cycles of concentration. Many systems operate at two to four cycles of
concentration, while six cycles or more may be possible. Increasing cycles from three to six
reduces cooling tower makg water by 20% and cooling tower blowdown by 50%.

1 The actual number of cycles of concentration the cooling tower system can handle depends on
the makeup water quality and cooling tower water treatment regimen. Typical treatment
programs include corrosion and scaling inhibitors along with biological fouling inhibitors.

1 Install a conductivity controller to automatically control blowdown. Work with a water
treatment specialist to determine the maximum cycles of concentration the cooling tower
system can safely achieve and the resulting conductivity (typically measured as micro Siemens
per centimeter, uS/cm). A conductivity controller can continuously measure the conductivity of
the cooling tower water and discharge water only when the conductivity set point is exceeded.
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1 Install flow meters on makep and blowdown lines. Check the ratio of maipeflow to
blowdown flow. Then check the ratio of conductivity of blowdown water and the-ogake
water (handheld conductivity meters can be used to determine the relative mineral
concentration of the recirculating and makgwater). These ratios should match the target
cycles of concentration. If both ratios are not about the same, check the tower for leaks or other
unauthorized dravoff. If the system is not operating at, or near, the target cycles of
concentration, check system components including conductivity controller;upakater fill
valve, and blowdown valve.

1 Read conductivity and flow meters regularly to quickly identify problems. Keep a log of make
up and blowdown quantities, conductivity, and cycles of concentration. Monitor trends to spot
deterioration in performance.

91 Consider using acid treatment such as sulfuric, hydrochloric, or ascorbic acid where
appropriate. When added to recirculating water, acid can reduce the scale buildup potential
from mineral deposits and allow the system to run at higher cycles of concentration. Acid
treatment lowers the pH of the water and is effective in converting a portion of the alkalinity
(bicarbonate and carbonate), a primary constituent of scale formation, into more readily soluble
forms. Make sure workers are fully trained in the proper handling of acids. Also note that acid
overdoses can severely damage a cooling system. The use of a timer or continuous pH
monitoring via instrumentation should be employed. It is important to add acid at a point where
the flow of water promotes rapid mixing and distribution.

1 Select a water treatment vendor with care. Tell vendors that water efficiency is a high priority
and ask them to estimate the quantities and costs of treatment chemicals, volumes of blowdown
water, and the expected cycles of concentration ratio. Keep in mind that some vendors may be
reluctant to improve water efficiency because it means the facility will purchase fewer
chemicals. In some cases, saving on chemicals can outweigh the savings on water costs.
Vendors should be selected based on "cost to treat 1,000 gallons efipnafkter” and
Ahi ghest recommended system water cycle of ¢
include routine checks of cooling system chemistry accompanied by regular service reports that
provide insight into the systemds perfor manc¢

1 Ask the water utility if it provides sewer credits for evaporative losses, which can be calculated
as the difference between metered mageavater minus metered blowdown water.

1 Implement a comprehensive air handler coil maintenance program. As coils become dirty or
fouled, there is increased load on the chilled water system to maintain conditioned air set point
temperatures. Increased load on the chilled water system not only has an associated increase in
electrical consumption, it also increases the load on the evaporative cooling process, which
uses more water.

Retrofit Options

The following retrofit options help federal agencies maintain water efficiency across facilities:
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1 Consider installing a sidstream filtration system. These systems filter silt and suspended
solids and return the filtered water to the recirculating water. This limits the fouling potential
for the tower system, which is particularly helpful if the cooling tower is located in a dusty
environment.

1 Install a makeup water or sidestream softening system when hardness (calcium and
magnesium) is the limiting factor on cycles of concentration. Water softening removes
hardness using an ion exchange resin and can allow you to operate at higher cycles of
concentration.

1 Install covers on open distribution decks on top of the tower. Reducing the amount of sunlight
on tower surfaces can significantly reduce biological growth such as algae.

1 Consider alternative water treatment options, such as ozonation or ionization and chemical use.
Be careful to consider the life cycle cost impact of such systems.

1 Install automated chemical feed systems on large cooling tower systems (more than 100 tons).
The automated feed system should control chemical feed based owpnatater flow or real
time chemical monitoring. These systems minimize chemical use while optimizing control
against scale, corrosion, and biological growth.

Replacement Options

The following replacement options help federal agencies maintain water efficiency across facilities.

1 Get expert advice to help determine if a cooling tower replacement is appropriate. New cooling
tower designs and improved materials can significantly reduce water and energy requirements
for cooling. Replacing a cooling tower involves significant capital costs, so be sure to
investigate every retrofit and operations and maintenance option available, and compare the
costs and benefits to a new tower.

1 For specifics, consult with experts in the field. The first resource should be local or
headquarters engineers, but do not overlook input from experienced contractors or other
government agencies.

Cooling Tower VFDOGs

Why a VFD is Beneficial for Cooling Towers
http://conservonline.com/whaVvfd-is-beneficiatfor-coolingtowers#.VetKkKKPn Dc

STUDY QUESTIONS:

How does use of VFDO0s on cooling tower fans sa\

What are other benefits?
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Why is it good practice to perform a vibration analysis on a ¥Bbtrolled cooling tower fan?

Fan motor horsepower (HP) requirement varies as the cube of the speed, so the slower thefan speed
the less energy required. A fan running at 80% speed will consume only % of the power of a
fan running at full speed.

On cooling towers, Variable Frequency Drives (VFDs) eliminate many of the drawbacks associated
with startercontrolled fans. There are many benefits, including reduced energy consumption, resulting
in lower utility costs; reduced maintenance requirements which decreases personnel & equipment
replacement costs; and process water temperature stabilization.

The fan may be spinning when a VFD is commanded to start. A VFD must correctly identify motor
rotation, slow the motor down to zero speed (when opposite rotation is detected), accelerate the motor
in the correct direction and not trip on an evettage or overcurrent condition. Mechanical brakes or
antiratcheting devices can be used to ensure that a fan doesn't rotate in the wrong direction. A VFD
eliminates mechanical and electrical brakes as well asaolieting devices, time delay relays, etc. In
extremely cold weather, tower icing can be averted by running the fan more slowly than required,
raising the tower and process water temperatures. It is also common to reverse a cooling tower fan,
keeping the heat in the tower.

VFDs accomplish this function & eliminate reversing starters. Likewise, on hot days, when the air is
thinner, fans can be run above 60 Hz, providing additional cooling capacity. The VFDs current and/or
torque limit function will limit the current of the motor such that the nameplate FLA rating is not
exceeded. This is impossible without a VFD.

On fan loads, the HP requirement varies as the cube of the speed, so the slower the-fémespssd

energy required. A fan running at 80% speed will consume only 50% of the power of a fan running at
full speed. At 50% fan speed, power consumption is only 16%. A minimum spee@5%23%

usually possible on an existing motor. For direct connected or belted cooling tower fans, this minimum
speed is usually not a concern. However, when a gearbox is used, the minimum speed is more critical,
as the gearbox may depend on an internal oil slinger for lubrication. Consult the manufacturer of the
cooling tower for minimum speed requirements.

VFD controlled cooling tower fans operate over many speeds as opposed to the fans on a single or
two-speed motor starter. As such, it is a good practice to perform a vibration analysis on the fan and
tower assembly, as a mechanical resonance may develop at certain speeds. Identified problem speeds
may be programmed into the drive and "locked out". Vibration switches are often wired into a drive or
control system, shutting down the cooling tower if a problem arises.
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Cooling Tower Float Valve Adjustment

https://www.kosefrvalves.com/news/thmle-of-the-coolingtowerfloat-valve-28575839.html

https://www.universaltowerparts.com/pdrtoolingtoweressentials/

STUDY QUESTIONS:

What is the purpose of a cooling tower float valve?

What is the recommended adjustment setting?

To set the initial basin water level, adjust the wing nuts so the-ojakalve is completely closed

when the water | evel i's 1/ 2n below the overfl ow
levels as shown inyouma n u f a dOpeanation and Blaintenance Manual. Set the bleed rate for

desired cycles of concentration and begin operation. Allow R#ashaf operation, check and readjust
operating level, if requiredRemember, supply pressure must be maintained at 15 to 50 psi for proper
float valve operation.

Building Controls

Understanding Building Automation and Control Systefrdsjanced Control Corporation
https://www.advancedcontrolcorp.com/understandingding-automatiorand-controlsystems/
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STUDY QUESTION:

What is the difference between a BAS and EMS?

Understanding Building Automation and Control Systems

Building Automation Systems (BAS) are centralized, interlinked, networks of hardware and software,
which monitor and control the environment in commercial, industrial, and institutional facilities. While
managing various building systems, the automation system ensures the operational performance of the
facility as well as the comfort and safety of building occupants.

Typically, such control systems are installed in new buildings or as part of a renovation where they
replace an outdated control system.

Related Terms
You may hear any of the following terms to describe the control or automation of buildings:

1 Building Automation and Control Systems (BACS), Building Control System (BCS), and/or
Building Management System (BMBs ame as ABuil ding Automati o
of this page.

1 Control® This term is appropriate in describing discrete devices that control particular pieces
of equipment or processes.

1 Direct Digital Control (DDC® describes the communication method used in modern devices
(hardware and software). Collectively, DDC products control various building systems and
form the automation system.

1 Energy Management System (EMSy ener al |y understood to be t
Aut omati on Systemo0 but may have special empl

1 Energy Management and Control Systeeme | | , youdre getting the i

1 Smart (Intelligent) Building a building equipped with a datech BAS.

What is Controlled?

Generally, building automation begins with control of mechanical, electrical, and plumbing (MEP)
systems. For instance, the heating, ventilation, arcoaiditioning (HVAC) system is almost always
controlled, including control of its various pieces of equipment such as:

1 Chillers
9 Boilers
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Air Handling Units (AHUS)
Rooftop Units (RTUS)

Fan Coil Units (FCUSs)

Heat Pump Units (HPUS)

1 Variable Air Volume boxes (VAVS)

= =4 4 A

Lighting control is, likewise, lowhanging fruit for optimizing building performance. Other systems
that are often controlled and/or brought under a complete automation system include:

Power monitoring

Security

Close circuit video (CCTV)
Card and keypad access

Fire alarm system
Elevators/escalators

Plumbing and water monitoring

=4 =4 4 -4 48 8 -

Data Type for Control System

https://www.dpstele.com/blog/whé&t-a-directdigital-controlsystem.php

STUDY QUESTIONS:

What are the three data types in a DDC system?

How do digital and analog data differ?

Data typeis classified as digital, analog or accumulating. Digital data may also be called discrete data
or binary data. The value of the data is either 0 or 1 and usually represents the state or status of a set of
contacts. Analog data are numeric, decimal numbers and typically have varying electrical inputs that
are a function of temperature, relative humidity, pressure or some other common HVAC sensed
variable. Accumulating data are also numeric, decimal numbers, where the resulting sum is stored.

This type of data is sometimes called pulse input.

Programmable Thermostats

https://www.energystar.gov/ia/partners/prod_development/revisions/downloads/thermostats/ProgramT
hermDraftl.pdf?dad277c

Energy Star Program Requirements for Programmable Thermostats, Deaiian 2.0
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STUDY QUESTIONS:

What is the purpose of a programmable thermostat?

What is the difference between energy saving set points and comfort set points?

When might temperature override be used?

Definitions: Below are the definitions of the relevant terms in this document:

1 Programmable Thermostat: A device that enables the user to set one or more time periods each
day when a comfort setpoint temperature is maintained and one or more time periods each day
when an energgaving setpoint temperature is maintained. This device enables the user to save
energy as the heating and cooling equipment is not running needlessly at a comfort temperature
setpoint 24 hours per day. A programmable thermostat may be capable of controlling one or
more zones of a conditioned space.

1 Comfort Setpoint Temperature: The temperature setting in degrees Fahrenheit (F) or degrees
Celsius (C) for the time period during which the residence and/or building is expected to be
occupied, e.g., the early morning and evening hours.

1 Comfort Time: The time period during which the conditioned space is expected to be occupied,
e.g., the early morning and evening hours.

1 Conventional Recovery: A feature of a programmable thermostat that activates the heating or
cooling system at the comfort time set by the user.

1 Cycle Rate: The number of times the heating or cooling unit goes on and off in a given hour.
This is measured when the heating anetairditioning equipment is operating at a 50% load
condition, as measured under the National Electrical Manufacturers Association (NEM2\) DC
standard titl ed-ElBcRieasWallMonutnitaeld CRoonotmm oTlhser most a
for purchase at www.nema.org).

91 Default: Default features should be activated when a power connection is made. Features that
are shipped as defaults should be shippeghpygrammed and activated.

1 EnergySaving Setpoint Temperature: The setpoint temperature for the esaigg periods
usually specified for both the heating and cooling seasons.

0 Setback Temperature: The setpoint temperature for the esavgyy periods during the
heating season, generally at night and during unoccupied hours. This is a lower setpoint
temperature than the comfort setpoint temperature.

34
© 2024 Northwest Energy Efficiency Council



BOC Certification Exam Resource Guide - Section B

0 SetUp Temperature: The setpoint temperature for the ersagyg periods during the
cooling season, generally at night and during unoccupied hours. This is a higher
setpoint temperature than the comfort setpoint temperature.

1 Multistage Heat Pump Recovery: A feature of a programmable thermostat that allows the heat
pump to recover gradually from an eneggring setpoint temperature to a comfort setpoint
temperature. The heat pump recovery feature is designed to minimize the use of auxiliary heat
while also minimizing the otime of the system.

1 Programming Periods: This feature allows the user to program different setback/setup
schedules. Usually this feature is used to allow for different settings for weekday and weekend
programming.

1 Setpoint Temperature: The temperature setting in degrees Fahrenheit (F) or degrees Celsius (C)
for any given time period.

1 Setback: This action allows the consumer to decrease the heating temperature.

1 Setup: This action allows the consumer to increase the cooling temperature.

1 Temporary Program Override: This feature enables the user to override the programmable
thermostatédés temperature and time settings
part of the program begins.

1 LongTerm Hold: A longterm hold may allow the user to set the programmable thermostat at a
temperature for a fixed period of time (e.g., vacation, override, etc.).

Mechanical Time Switch

https://tense.com.tr/en/whetamechanicatime-switch-how-doesit-work/

STUDY QUESTION:

What is a mechanical time switch?

Skill 05: Be Familiar with the Trending Capabilities of Control Systems and Know
How to Supplement Their Capabilities with Data Loggers

https://av8rdas.wordpress.com/2014/01/14/ketyocommissioningkills/

STUDY QUESTIONS:

Why is an understanding of trend logging with a BAS or data loggers an important skill for building
operators?
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| am fond of saying that the building frequently knows the reason for the issues we are observing in it;

we just need to ask it what is going on. Tr en
understanding how to gather this critical information from a building is an important skill to develop.
Pl us, ités a | ot of fun (in a nerdy sort of wa\

Trend logging is a diagnostic tool that uses data gathered at short intervals, such as every 15 minutes,
to understand how a building or one of its systems is operating. This data can help identify potential
efficiency problems.

Trend logs from your DDC provide valuable data about building operation. Most DDC systems allow
trend logging of any control input or output such as temperature, pressure, and on/off status.
Examining the trend log data can provide leads for investigating specific equipment or suggest
potential changes to control sequencing.

Setback Temperature Control

https://www.deg.nc.gov/environmeniadsistancendcustomerservice/iasenergy
efficiency/opportunities/setbagkmperatureontrol/download

STUDY QUESTIONS:

What impact does setting back temperatures have on building heat loss?

Estimate cost savings from heating temperature setbacks.
Be familiar with effective setback strategies.

The graph at the right shows the effect a given temperature difference between a room set point
temperature (70°F) and outside air temperature (70PBQ&F) has on heat loss. A lower setback
temperature results in less heat loss as the outside temperature drops through the night. The energy
savings is much greater during the warmer months of the heating season, and less pronounced during
the coldest time of the year. This graph is only representative for a heating load, as cooling loads are
much more dependent on the Sun's radiant energy influence and building fenestration. From the graph
it shows that a 200F setback will result in a 67% lower heat loss than if there was no setback at all. The
100F setback would result in a 33% less heat loss than at 700F and the 3oF setback would only save
about 4% of the energy loss as compared to no setback at all. How much to setback is often evaluated
in terms of the building envelopedsrate of heat
next day loss recovery. However, the next day loss energy recovery is normally less than the heat loss
if no setback had taken place, unless the building is poorly insulated.

36
© 2024 Northwest Energy Efficiency Council


https://www.deq.nc.gov/environmental-assistance-and-customer-service/ias-energy-efficiency/opportunities/setback-temperature-control/download
https://www.deq.nc.gov/environmental-assistance-and-customer-service/ias-energy-efficiency/opportunities/setback-temperature-control/download

BOC Certification Exam Resource Guide - Section B

Effact of Lowaring Thermostat Setpoint On Haat Loss
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Electrical Systems & Lighting

Electrical One-Line Diagram

http://www.archtoolbox.com/materiafs/stems/electrical/electricaheline-diagram.html

STUDY QUESTIONS:

What are the components of an electrical-time diagram?

What information does the diagram provide?

Oneline diagrams (also known as sindiiee diagrams) are used by a number of trades including
HVAC and plumbing, but the electrical chiee diagram is the most common. HVAC and plumbing
riser diagrams are essentially eime diagrams, but they go by a different name.
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Electrical OneLine or SingleLine Diagram

An electrical ondine diagram is a representation of a complicated electrical distribution system into a
simplified description using a single line, which represents the conductors, to connect the components.
Main components such as transformers, switches, and breakers are indicated by their standard graphic
symbol. The overall diagram provides information on how the components connect and how the power
flows through the system.

A oneline diagram can represent an entire building system or a complicated component of the overall
system. Architects and building owners will appreciate the simplicity of the diagram, which will
provide an overall description of the system on a single sheet of paper.
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Current Transformers

http://www.ccontrolsys.com/w/CT _Installation_and_Wiring

http://www.ccontrolsys.com/w/CT Selection

STUDY QUESTIONS:
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What is the purpose of a CT?

How is the accuracy of CTo6s specified?

Why is accuracy important to monitor?

What is crest factor?

How does crest factor vary with resistive loads wcBFected loads?

SAFETY WARNING! Current transformers (CTs) are typically instdlin electrical equipment with
lethal high voltage levels. Before attempting to install CTs rea@thinstallation Safetpage.

CAUTION! WattNode meters are designed to work only with CTs that have a 333 mV output. This
type of CT has a bu#in burden resistor that produces a safe low voltage output signal. The use of any
other type of CT will result in incorrect power measurements, and may permanently damage the
WattNode meter.

Key Points

1 Install CTs on the phase conductor that corresponds to the voltage input phase.

T I'nstall CTs with the arrow or | abel ATHI S SI
current source.

1 Connect the white and black CT leads to the corresponding white and black CT input terminals.

Orientation And Polarity

CTs are marked with a symbol (arrow) or label which indicates the correct mechanical orientation of
the CT on the conductor being measured. Find t|
on the CT and install the CT with the label or arrow facing toward the current source: generally the

utility meter or the circuit breaker.

In addition to installing CTs with the correct mechanical orientation, electrical polarity, as indicated by
their white and black wires must also be correct. Each pair of CT wires connects to the appropriate
terminal on the to the black six position screw terminal block. The terminals are labeled JA CT, @B
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CT, and IC CT. The polarity of each pair of terminals is indicated by a white and black dot on the
label. Be sure to connect the white wire to the phase terminal aligned with the white dot, and the black
wire to the terminal with the black dot.

Remember that both the physical orientation and the electrical polarity of each phase must be correct
for proper operation. If a phase is reversed either electrically or mechanically, and current flows in the
reverse direction, the WattNode meter will measure, depending on the model, zero or negative energy
for that phase.

Range of Currents

CT manufacturers generally specy accuracy down to 10% of rated current for standard CTs and
down to 1% of rated current for revenue grade CTs. The upper limit is generally 100% or 120% of
rated current. This is the range over which CTs are the most accurate, so depending on your accuracy
requirements and the type of CTs being used, you should choose CTs so that the nominal currents fall
within this range.

Most CTs are still reasonably accurate at lower currents. For example, th@7AOTmodels are very
accurate down to 0.2% of rated current, and the-CA%0 series are reasonably accurate down to 2
5% of rated current.

Many (but not all) CTs are also accurate for em@ment conditions; however, the WattNode input
circuitry clips at around 125% of rated current for sine wave currents and at even lower currents if the
current has a high crest factor, so we always recommend selecting a CT with a rated current higher
than you ever expect from the load (with the possible exception of very briedrilgurges).

For example, suppose you are monitoring a 100A circuit with a compressor and fan. Idredurge
reaches 85A, the normal load when the compressor is running is 65A, and when just the fan is running,
7A. The following table shows some options:

109% 100%
CT Model e e Comments

Point Point

This CT has good accuracy specifications from
ACT-0750100 100A 10A 100A 1% to 120% of rated current, so will be accurat
at all operating currents.

This covers the range fairly well, but may be
CTS0750100 100A 10A 100A somewhat less accurate at the 7A low current
condition.
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This will be more accurate for the 7A condition,

CTS0750070 70A A 70A but may read a bit low during the tuonm surge.

Because this is a solcbre CT, it will be quite
CTT-0750100 100A 10A 100A accurate even below 10% of rated current, so i
should work well over the entire range.

As another example, suppose you are monitoring a compressor that typically draws 125A. You could
use a 150A CT, but wedd recommend aonzd@ddeandCT t o
overl oad. Since the compressor will rarely dr a\
be 50% of the CT rated current and the accuracy of the CT will be very good. The compressor current
would have to drop below 20A before there would be accuracy concerns.

Crest Factor

Seehttp://en.wikipedia.org/wiki/Crest factéor an overview of crest factor.

The term Acurrent crest factoro i s usfeamearo des
squareurrent. Resistive loads like heaters and incandescent lights have nearly sinusoidal current
waveforms with a crest factor near 1.4. Power factor corrected loads like PC power supplies typically
have a crest factor of 1.4 to 1.5. Many common loads can have current crest factors ranging from 2.0 to
3.0, and higher values are possible.

The WattNode current transformer inputs will saturate and become inaccurate if the peak current is too
high. This means you may want to be conservative in selecting the CT rated current. For example, if
your load draws 10 amps RMS, but has a crest factor of 3.0, then the peak current is 30 amps. If you
use a 15 amp CT, the WattNode will not be able to accurately measure the 30 amp peak current. Note:
this is a limitation of the WattNode measurement circuitry, not the CT.

The following graph shows the maximum RMS current for accurate WattNode measurements as a
function of the current waveform crest factor. The current is shown as a percentage of CT rated
current. For example, if you have a 10 amp load with a crest factor of 2.0, the maximum CT current is
approximately 85%. Eigkive percent of 15 amps is 12.75, which is higher than 10 amps, so your
measurements should be accurate. On the other hand, if you have a 40 amp load with a crest factor of
4.0, the maximum CT current is 42%. Fettyo percent of a 100 amp CT is 42 amps, so you would

need a 100 amp CT to accurately measure this 40 amp load.

You frequently wondét know the crest factor for
crest factor will fall in the 1.4 to 2.5 range and select CTs with a rated current roughly 150% of the
expected RMS current. So if you expect to be measuring currents up to 30 amps, select a 50 amp CT.
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Voltage Balance Energy Management Handbook, 1993

See image below.
STUDY QUESTIONS:

What are the two sources of voltage imbalance?

What is the impact of voltage imbalance on a motor?

NEMA recommends that voltage imbalance for a motor not exceed %?

T-frame motors will not hold up like {fame motors (True or False)?

When served with balanced nameplate voltageframe motor will perform how?

How is PF metered?

Is there a PF charge on the utility bill for the building?

What does a PF study determine about PF charges on the utility bill?

When would it be appropriate to do a PF study?

Why would an electric utility implement voltage reduction?

What are impacts of voltage reduction on the performance of lighting systems and motors in the
building?
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Reviewdiscussion of voltage balance on
this page.

- R —
ENERGY M ANAGEMENT HANDBQQK

unless the motor maker so states, will not differentiate
betweena T frame and an “energy-efficient” motor. NEMA
requires that electric motors generally give satisfactory
service with a supply voltage of plus or minus 10% of
nameplaterating. A farbetter operating condition, however,
will limit actual motor voltage to within 5% of nameplate
rating. Design median voltage for single-phase motors
remained at 115/230 V.

A T-frame motor is smaller in physical size and
contains less copper and iron than a U-frame motor. It
operates at a higher frame temperature with claims of an
equal or longer insulation life than for U-frame motors.
There was not much change for the better or worse with
regard to efficiency and power factor. So, after 1965, new
machines came with T-frame motors. Newly purchased
motors were also T frame, and very shortly after operating
experience began came the hue and cry of alarm. “T-frame
motors will not hold up like U-frame motors.” True: T-
frame motors will not tolerate overload and other condi-
tions compared with those a U-frame motor might with-
stand any more than a U-frame motor would withstand
more exaggerated conditions thanan A-frame motor might
withstand. When served with balanced nameplate voltage, a
T-frame motor will deliver rated horsepower for a normal
life of 20 years, barring other damaging events, while
operating at higher motor temperatures. A major part of
the problem in preventing motor failure due to abuse has
shifted to that of the mechanical engineer, who is usually
concerned with the characteristics of the driven machine
and how it operates in normal use.

If the writer seems to be covering a good amount of
information which at first appearance has little bearing on
electrical energy management, there is a good reason.
Recall from Table 11.2 thatalmost two-thirdsof all electrical
energy used in the United States is used by motors. In a
commercial building during hot weather, failure of an air-
conditioner drive or a cooling-tower motor can cause
people to be sent home. In industry a motor failure that
stops production can produce losses of $50 to $3000 an
hour, depending on the industry. A light bulb can go out
and few will notice, but a critical motor vitally affects
continued operation. I believe that a good understanding
of what motors involve, and a better understanding of
utility supply, is a very important part of electrical energy
management.

A second problem in early motor failure can arise
from the quality of utility electric supply. The quality of
electric supply by the utility has been mentioned as well as
balanced nameplate voltage for satisfactory operation of
motors. As utility circuits serving customers have become
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much longer, more service (both single- and three-phage
has been connected to the lines. The problem utilities hay,
in providing voltage-balanced service for three-phage
customers has become more pronounced. NEMA, in ijtg
guide for motors, changed the requirement for eleciric
motor supply from “voltage balance to be as close ag'
possible,” to “voltage unbalance for a motor shall n()f‘?
exceed 1%.”

Perfect voltage between electrical phases is difficult
at any given customer location, and with a mixture for the
utility of both single- and three-phase customers served by
the same distribution line, balanced voltage supply by thy
utility may present an almost insurmountable problem for |
autility in somelocations. On the other hand, many studies .
have shown that the cause of voltage unbalance within
plant or commercial building is the result of an electrical
condition withinthe plantorbuildingrather thana lowcrlng;’f
of the quality of power supplied by the utility.

Nevertheless, a voltage unbalance of 3% to a moto
will cause the motor temperature to increase about 25%
above normal. This indicates the strong need for energy
management, since a decline in motor efficiency results,
Even more important, such an abnormal temperature rise |
carries a great probability of early motor failure, with the
attendant capital replacement costs and downtime loss.
The decrease in motor efficiency is usually strongly over:
shadowed by replacement cost of the motor.

It should be noted that inexpensive voltmeters used
to measure voltage are not sufficiently accurate fora voltage
balance study. Good-quality voltmeters must be used foi
such a study. Even more important is that many studie
have shown that voltage unbalance is caused within the
facility rather than the quality of utility supply. (Shoule
voltage balance be a problem, it is strongly suggested tha
the aid of the utility be requested before seeking legal 0!
other remedies.)

The subject of “energy-efficient” motors must be
discussed in some detail. Any designer/manufacturer of
electric motors can make a motor that is more efficient
under a specific range of conditions compared with th
efficiency of standard production motors.

Current information (1980) in the media indicates
that the Department of Energy (DOE) is considering.
requirement thatall motor manufacturers designand mak
nothing but “energy-efficient” motors. This requirementi
strongly opposed by motor manufacturers, as it should be
Requirements such as this can be compared with man)
other supposed energy-saving proposals which Congress
did not contemplate when writing energy legislation.

The cost for making a motor more efficient is highef
than for normal production-line motors. The compariso
between the higher first cost and potential energy saving?
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Reviewdiscussion of Power Factor on this page. 253

- 11.5.2 Power-Factor Calculations

By definition, power factor in ac circuits is determined by
dividing real power in kilowatts by total power in kVA
(Power factor = kW /kV A). Reactive power, either induc-
tive or capacitive, always acts at right angles or 90° to real
power. Thus power-factor calculations are only basic cal-
culations to determine the length of sides of right triangles,
which in scalar value represent electrical values, and the

calculation of angles between the sides in degrees.
Sometimes two analogies are used toillustrate power
factor. One analogy (Figure 11.1) is to use a stein of beer.
" The total capacity of the stein represents total power or
~ kVA. The foam represents reactive power and the beer
represents real power. With thisanalogy theratio of beer to

- stein capacity is the power factor.
A second analogy (Figure 11.2) is to picture a horse
_ pulling a car down a rail track, with the horse pulling atan
_angle to the direction of car travel. Thus the pull of the
horse is total power, the tractive effort moving the car is
real power, and the side pull, doing no real work, is the
reactive power—both good analogies, but leaving us a bit
short for actual power-factor calculations.

~_' T

Mug capacity—total power (kV A}

Foam—reactive power (kVAR)
Beer—real power (kW)

beer (kW)
mug capacity (KVA)

Power factor =

Fig. 11.1 Power factor analogy 1.

| ] -|_
L] \_J_
Total

power

[/

Reactive
power

o]

Fig. 11.2 Power factor analogy 2.

In the real world where power factor involves dol-
lars, calculation must usually be made from the utility
billing meter readings. A utility meter set will normally
include three meters. A demand meter will record maxi-
mum power use for the billing period for the demand
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interval of 5, 15, or 30 minutes. A watt-hour meter will
record kilowatt-hours for the billing period. And areactive
meter will record kilovolt-ampere-hoursreactive. Average
power factor for the industrial plant or commercial building
will then be calculated by dividing reactive KV A-hours by
kilowatt-hours. (See AppendixIII for a brief review of basic
trigonometry.) This arithmetic calculates the tangent of the
angle made by real power and total power. By aconvenient
table or computer, the tangent of the angle is converted to
the cosine of the angle, which is the actual power factor
average for the billing period. By moving the decimal point
of the trigonometric cosine of the angle two places to the
right, the power factor is converted to a percentage, the
usual expression used with power factor. If we have the
actual values, the cosine of the angle between total power
kVA and real power kW can be calculated directly by
simply dividing the real power by the total power. If the
meter reading shows as many reactive kVA-hours as
kilowatt-hours for the billing period, the cosine of the right
triangle will be 0.7071, or 70.71% power factor. Thus in use
there is as much reactive power required as there is kilo-
watt-hours or real power.

11.5.3 Making a Power-Factor Study

Many utilities willusually provide customers, at no expense,
a power-factor study for a year’s actual billing. This study
will show power as actually billed and what the power
billing would have been had the power factor over the
annual period been raised to some value, usually 95%.
For the individual, making a power-factor study isa
simple proposition. A table such as Table 11.7 is nothing
more than convenient arrangement of trigonometric
functions, and is included in most books or bulletins on
power factor. Down the left column is the present power
factor, usually obtained from the utility billing.
This may vary from month to month, so an average
should be chosen. Across the top is the desired
power factor. Determining theaddition of capacitors
to raise the average power factor to the desired
value is simple. Assume that the present power
factor is 70%. From the left column go across to the
value under the column headed by 95% (value
found, 0.691) and to 100% column (value found,
1.020).
To raise the PF from 70 to 95%:

0.691 x actual demand = kV AR of capacitors needed
Assume an actual demand of 100 kW:
0.691 x 100 = 69.9 kVAR (70 to 95%)
1.020 x 100 = 102 kVAR (70 to 100%)
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Reviewdiscussion of Utility Voltage
Reduction and Effects on Equipment on
this page.

might consider. The effect of voltage reduction on operat-
ng efficiency as well as equipment failure for a prolonged
period of voltage reduction must be a factor of which users
Are aware.

Effects of voltage reduction on equipment vary quite

11.7 ELECTRIC UTILITY ENERGY CONSERVATION
MEASURES

Both federal and state regulatory commissions are requiring
utilities to institute power control measures in the name of
energy reduction over which the consumer has no control.
These measures include the ability of electric utilities to
turn off certain loads during peak-load conditions. They
include the requirement of rate design which will for
financial reasons cause customers to consider changing
their time of normal operations to some less costly off-
electrical-peak condition for the utility. Also, seasonal
rates with summer peak loads caused by residential and
commercial air conditioningare higher than winter-month
rates. It is probable that turn-off control by utilities of
commercial air conditioning may be instituted. A further
extension of this control is the requirement by some gov-
ernment, state, or federal agencies for an energy audit of
electric energy users. As of this writing, the ultimate cost
for control measuresand their effectisyet to be determined.

11.7.1 Utility Voltage Reductions

Until recently, utilities resorted to distribution system
voltage reductionas ameasure of reducing the systemload
only during emergency losses of major generation capacity
or transmission capability from storm or other causes.
Utility voltage reductionis commonly termed “brownout.”
Testshave proved that voltage-reduction measures reduce
utility load. Voltage reductions by utilities as a strategy to
reduce peak load, to possibly defer construction of addi-
tional generation capacity, and as an energy conservation
measure are becoming more common. The growth of this
practice by utilities at times other than emergenciesisas yet
unknown. There is good reason to believe that the practice
will grow as a normal operating procedure. Analternative,
butfar more drastic measureis the use of rotating blackouts,
in which the power for whole circuits is switched off for
short periods, usually 2 hours per circuit. In the event of
rotating blackouts the economic effect on industry and
commercial buildings, with production loss costs from
$100 to $5000 per minute, will far exceed momentary
savings of reduced consumption.

The effect of utility voltage reduction on user
equipment should be of growing concern. Voltage reduc-
tions of 2-1/2, 5, and 7-1/2% are within the range a utility
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widely. A general summary of voltagesof variouselectrical
equipment with a 10% voltage reduction is as follows:

1. Incandescent Lights. Light output drops off very
rapidly. A 10% voltage reduction results in a 30%
reduction in light output. There is no damage to
incandescent lights; life is greatly increased. (Long-
lifelampsare usually 130-Vlamps operatedat 120V.)

2. Fluorescent Light. At 10% reduction, light output
drops 15%. Greater than 10% voltage reduction can
result in shorter lamp life and possible ballast dam-

age.

3. Mercury, and High- and Low-Intensity Discharge
Lamps. Light output drops 30%. There may be
problems in light restarting as well as ballast failure.

4.  Motors. NEMA has a general requirement that mo-
tors will generally give satisfactory service when the
motor supply is with + 10% of the motor nameplate
voltage. Experience has shown, however, that when
motors operate at extreme limits of voltage, motor
failure increases rapidly. Motor load is determined
by the requirements of the driven machine only.
Electrical power in general is the product of voltage
time amperage. Thus if voltage is less than the motor
nameplate rating, the motor current must increase.
The increased loss in the motor results in increased
heating of the motor winding. (Often overlooked is
the fact that a motor operating at nameplate rating is
already overloaded.) Of particular concern is the
fairly common use of motors rated 230 or 220 V on
commercial building supply systems served with
120/208 V. These motors are already operating close
to the lower range allowance of 10% less than motor
nameplate rating. A further voltage reduction by the
utility results in a motor voltage supply lower than
any acceptable standard. (A comment by Austin
Bonnett of U.S. Motors: With even a small and nor-
mally acceptable voltage unbalance, at reduced
voltage almost any motor is very likely to fail.)

5.  Electronic Equipment. Such eclectrical devices are
greatly affected by voltage less than the nameplate
rating. Computers, production control units, and
medical and diagnostic instruments can be affected
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Lighting

Correlated Color Temperature, CCT

https://insights.regencysupply.com/wdisicorrelatedcolor-temperaturect-andhow-do-you-choose
it-for-your-lighting

STUDY QUESTIONS:

What is CCT and how is it measured?

Why is CCT an important consideration during a lighting retrofit project?

IESNA Definition: the absolute temperature of a blackbody whose chromaticity most nearly resembles
that of the light source.

The correlated color temperature (CCT) is a specification of the color appearance of the light emitted
by alamp, relating its color to the color of light from a reference source when heated to a particular
temperature, measured in degrees Kelvin (K). The CCT rating for a lamp is a general "warmth" or
"coolness" measure of its appearance. However, opposite to the temperature scale, lamps with a CCT
rating below 3200 K are usually consideradfm’ sources, while those with a CCT above 4000 K are
usually consideredcool’ in appearancelhe correlated color temperature (CCT) designation for a

light source gives a good indication of the lamp's general appearance, but does not give information on
its specificspectral power distributiormherefore, two lamps may appear to be the same color, but

their effects on object colors can be quite different. Examples of the CCT of some common light
sources are:

Source CCT
Tungsten Halogen 3000 K
"Cool White" Linear Fluorescent 4200 K
High Pressure Sodium 1900 K
"Warm" Compact Fluorescent 2700 K
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Light Levels

https://www.archtoolbox.com/recommend@ghting-levels/

STUDY QUESTIONS:

How are light levels measurédvhat location and what units?

Who establishes recommended light levels for indoor task?

llluminance = Light Falling on a Surface

The amount of light falling on a surface is "illuminance"”, and is measuted (metric unit =
lumen/nt) or footcandles (English unit = lumerfft 1 footcandle equals 10.8 Iukhis is the

measurement youodll work

wi t h

t he most for

opt i

and standards use illuminance to specify the minimum light levelpéaife tasks and environments.

This value does not depend on the material properties of the surface being illuminated. However, since
surface fiseeso dep
around it, it does depend on the color and reflectance of the surfaces that surround it.

t he amount of | ight the

The brightness of the sky is often given using illuminance values measured on an unobstructed
horizontal planeSome common illumination levels are in the table below, filEngineering

Toolbox

Outdoor Light Levels

Condition
(ftcd)
Sunlight 10000
Full Daylight 1000
Overcast Day 100
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llumination

(lux)

107527

10752

1075
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[llumination
Condition

(ftcd) (lux)

Very Dark Day 10 107

Twilight 1 10.8

Deep Twilight 0.1 1.08
Full Moon 0.01 0.108
Quarter Moon 0.001 0.0108
Starlight 0.0001 0.0011
Overcast Night 0.00001 0.0001

Indoor Light Levels
Comfortable lllumination Levels

The values above represent the total illumination available from the sky. As a designer, your job is to
make sure that the occupants of your building have the right level of light for their activity, and try to

get as much of that light as possible from natural light. These levels are usually measured on a working
surface in the building.

Areas can be too dim or too bright, and these levels depend on the task. The brightness required to
make jewelry or assemble electronic components is far greater than the brightness required to safely
walk to a room's exit. The following is a table of commonly recommended light levels for different
activities. To design for the activities in your program, see local codes or green building certification
standards.
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Maintained
[lluminance (lux)

50

100- 150

200

300

500

750
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Foot-candles

10-15

20

30

50

75

© 2024 Northwest Energy Efficiency Council

Characteristics of
Activity

Interiors rarely
usedfor visual

tasks(noperception

of detail)

Interiors with
minimal demand
for visual acuity
(limited perception
of detail)

Interiors with low
demandfor visual
acuity (some
perceptionof detail)

Interior with some
demandfor visual
acuity (frequently
occupiedspaces)

Interior with
moderatedemand
for visual acuity
(somelow contrast,
color judgment
tasks)

Interior with
demandfor good
visual acuity (good
color judgment,
inviting interior)

Representative
Activity

Cable tunnels, nighttime
sidewalk, parking lots

Corridors, changing
rooms, loading bay

Foyers and entrances,
dining rooms,
warehouses, restrooms

Libraries, sports and
assembly halls, teaching
spaces, lecture theaters

Computer work, reading
& writing, general
offices, retail shops,
kitchens

Drawing offices, chain
stores, general
electronics work
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1000 100 Interior with Detailed electronics
demandfor assembly, drafting,
superior visual cabinet making,
acuity supermarkets

(accuratecolor
judgment& low

contrast)
1500-2000+ 150200+ Interior with Hand tailoring,
demandfor precision assembly,
maximum visual detailed drafting,
acuity (low contrast, assembly of minute
opticalaids& local mechanisms
lighting will be of
advantage)

Recommendetdluminancelevelsfor differenttasks.
For moreinformationon recommendetevelsfrom the llluminating EngineeringSocietyseehere

LED Lighting Basics

http://www.energystar.gov/index.cfim?c=lighting.pr what are

STUDY QUESTIONS:

What are LED Bulbs?

How is LED lighting different than other light sources, such as incandescent and CFL?

What organization rates the energy consumption of LED lighting products?

Lighting Controls

https://lwww.enerqgy.qgov/energysaver/lightingntrols

STUDY QUESTIONS:

What is passive infrared technology?
Designed to detect motion from a heatitting source (such as a person entering a room) within its
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field-of-view and automatically switch lights ON and OFF. Sensors have segmented lenses. For units
to see motion, the person must cross between two segments or bands. The distance between the
segments or bands increases the farther you are from the sensor, so motion has to be larger the farther
you are from the unit. PIR sensors are considereeblisgght sensors, meaning that the sensor must

be able to have a direct lvzg-sight to the person making the motion.

What is ultrasonic technology?

Ultrasonic sensors use the Doppler principle. These sensors produce low intensity, inaudible sound and
detect changes in sound waves caused by motion, such as walking into the room, reaching for a
telephone, or turning in a chair. They are volumetric in nature and therefore nuoit gt

dependent. Since they fill the space with these sound waves, they are excellent in bathrooms with
stalls, enclosed hallways, or other oddly shaped rooms. In addition, they are much more sensitive to
smaller motions.

What is dual technology?

Dual technology is the combination of PIR and Ultrasonic into one sensor and is the ultimate sensing
solution available today. This pairing helps to eliminate false activations (both ON and OFF) thus
saving additional energy use. Dual technology sensors ensure the greatest sensitivity and coverage for
tough applications without the threat of false triggers. Cooper Controls sensors use PIR to turn the
lights ON then one of two modes to turn the lights OFF. The first mode will accept either PIR or
Ultrasonic to keep the lights ON and the second mode must see both technologies to hold the lighting
ON.

What is major motion?

Major motion is defined as movement of a person walking into or through an area. Typical examples
are a person walking into a room or through an open area. Major motion may be required to turn ON
the lights, but transitions to minor motion once the occupant is in the room.

What is minor motion?
Minor motion is defined as movement of a person sitting at a desk reaching for a telephone, turning the
pages of a book, opening a file cabinet, or picking up a cup of coffee.

What is NEMA?

NEMA provides a forum for the development of technical standards that are in the best interests of the
industry and users, advocacy of industry policies on legislative and regulatory matters, and collection,
analysis, and dissemination of industry data. More information about NEMA can be found at
WWww.nema.org

What is NEMA WD 7-2011 Occupancy Motion Sensors Standard?
The purpose of this standard is to promote uniformity for the definition and measurement of
characteristics relevant to the use and application of occupancy motion sensors.

51
© 2024 Northwest Energy Efficiency Council


http://www.nema.org/

BOC Certification Exam Resource Guide - Section B

What is the difference between occupancy and vacancy sensing?

An occupancy sensor turn lights ON automatically upon the detection of motion then turns the lights
OFF automatically soon after an area is vacated. A vacancy sensor requires manual activation of the
lighting by the occupant then turns the lights OFF automatically soon after an area is vacated.

Occupancy Sensors

https://www.energy.gov/femp/articles/wirelesscupancysensordighting-controlsapplications
quidefederalfacility

STUDY QUESTIONS:

What is the difference between PIR and dual technology sensors?

When might it be more effective to use a digahnology sensor over a PIR?

What features are important to consider when installing occupancy sensors?

What is daylighting control?

Why is smooth and continuous dimming a preferred strategy for automated daylighting controls in
offices or other work areas?

What is the energy savings potential for using daylighting control?

1 Passive infrared sensor¢PIR) respond to the infrared heat energy of occupants, detecting
motion at the Ahumano waaof-sightdbass anddondtteeegt oper
occupants behind partitions or around corners. They also are less likely to detect motion as the
distance increases. Therefore, they are useful when a room is small or it is desirable to control
only a portion of a space. PIR are more susceptible todflseadings than falsens, so tend
to be more annoying to occupants than ultrasonic sensors.

91 Dual-technology sensorgombine two technologies to prevent both fadffis and falseons.

The most common one uses both ultrasonic and passive infrared sensing to detect occupancy.
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The sensor usually requires that both US and PIR sense occupancy before turning on. The
lights will remain on as long as either technology detects someone. High quality occupancy
sensors use the dual technology, since it is more reliable than each of the separate technologies
used independently. Dusdchnology sensors cost more than sensors using either US or PIR
alone.

Other occupancy sensor features to consider include:

1 Mounting locatiori Ceiling, highwall or corner, or wall box. Room size and layout are the
major determinants. Ceiliagiounted sensors are the most versatile because their view is less
obstructed. Wall box sensors take the place
and easy to retrofit. Wall box sensors are appropriate for small, unobstructed spaces.

1 OnOff settingsi Occupancy sensors can automatically turn on faojand then
automatically turn off (autoff). Or, they can require the user to turn them on (maonpand
then automatically turn off. Manuah sensors save more energy because the lights do not turn
on when the user does not need them. Aut@ensors are useful in applications where the
users are not familiar with the layout and switch locations, or where finding a switch would be
inconvenient.

1 Sensitivityl Most sensors can be adjusted for the desired degree of activity that will trigger a
sensor response. The tirdelay (i.e., the time elapsed between the moment a sensor stops
sensing an occupant and the time it turns off) can also be selected. The setting can range from
30 seconds to 30 minutes, and the choice becomes a balance between energy conservation, user
tolerance, and lamp life. We suggest no less than 15 minutes if controlling instant start ballasts.

1 Multiple level controli Occupancy sensors are effective for multiple level switching in spaces
where full off is not acceptable, but occupancy is not continuous. By using artttweelevel
ballast, or multlamp fixtures with lamps wired separately, the lowest level may be allowed to
operate at most hours, but when occupancy is sensed, the light level increases. This is a useful
energy saving strategy in areas where safety or security requires some light at all times, such as
certain enclosed stairs, security corridors, restrooms, etc. Of the two strategiekvallti
ballasts have the advantage of keeping the lamp warm, reducing earlyutsicaused by
frequent switching.

Daylight Controls. Daylight controls are photoelectric devices that turn off or dim the lights in

response to the natural illumination available. Depending on the availability of daylight, the hours of
operation and the space function, photoelectrieadiytrolled lighting can save 10% to 60% of a

buil dingbs | ighting energy. This can transl ate
coincides with the hours of the day when peak demand charges apply.
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