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Year Electricity Natural Gas Distillate Oil Residual Oil
cents/kWh Cents/therm $/gal $/gal

2015
2010
2005
2000
1995
1990
1985

9.58
10.14
9.59
9.17
10.32
11.08
13.06

Commercial Energy Prices, by Year by Type

85.91
90.95
121.45
81.85
66.99
72.04
95.96

2.41
1.66
1.24
0.84
0.64
0.78
1.21

Commercial Buildings Aggregate Energy Expenditures (2010 Billion)

Electricity | Natural Gas SISF

2015
2010
2005
2000
1995
1990
1985

130.0
134.8
122.3
106.3
98.4
92.9
90.0

29.3
29.9
37.4
26.6
20.9
19.4
24.0

15.0
14.5
11.4
8.3
5.4
9.2
12.6

174.4
179.2
171.2
141.2
124.6
121.5
126.6

* Includes distillate fuel oil, LPG, kerosene, motor gasoline and residual fuel

e

3.28
2.86
2.07
1.28
0.88
1.26
1.56

Energy Expenditures per SF (2010)

2015
2010
2005
2000
1995
1990
1985
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Energy Efficient Circulator Options

« European energy efficient circulator technology is becoming available
today in U.S. but acceptance has been slow because:
— U.S. hydronic heating installed base is much smaller than EU
— A very small portion of new homes in the U.S. use hydronic heat.
— U.S. hydronic systems typically only run for small portion of year
— Electricity in U.S. is less expensive

— Cost of energy efficient circulators is nearly double traditional wet rotor
circulators.
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ANSI/ASHRAE/IES Standard 90.1-2010
(Supersedes ANSVASHRAE/IESNA Standard 90.1-2007)
Includes ANSI/ASHRAE/IESNA Addenda listed in Appendix F

ASHRAE STANDARD

Energy Standard for
Buildings Except
Low-Rise Residential
Buildings

I-P Edition

Sea Appendix F for approval dates by the ASHRAE Standards Committes, the ASHRAE Board of Directors,
the IES Board of Directors, and the American National Standards Institute.

‘This standard is under conti 1 by a Standing Standard Project Committes (SSPC) for which
the Standards Ce has established a d d program for regular publication of addanda or revi-
sions, ncluding dures for timely, d d, action on requasts for change to any part of

the standard. The change submittal form, instructions, and deadlines may be obtained in electronic form from
tha ASHRAE Wab site (www.ashraa.org) or in paper form from the Manager of Standards. The latest edition of
an ASHRAE Standard may be purchased from the ASHRAE Web site (www .ashras.org or from ASHRAE
Customar Serviee, 1781 Tullie Circle, NE, Atlanta, GA 30326-2306. E-mail: orders@ashrac.org. Fax: 404-
321-5478. Telephone: 404-636-8400 {workdwida), or toll free 1-800-527-4723 {for orders in US and Canada).
For repri ission, goo L

& Copyrioht 2010 American Socisly of Heating, Refrigerati d Air-Condifioning Engt Ine.
ISSN 10412336

e Mol

T
S lyminating @

vvwlasna.org wwaniion

American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.

1791 Tullie Circle NE, Atlanta, GA 30329
www.ashrae.org

Federal regulations mandate
all states use ASHRAE 90.1 or
IECC as a minimum efficiency
standard
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ASHRAE 90.1 - 2010

G3.1.3.8 Chilled-Water Design Supply Temperature
(Systems 7 and 8). Chilled-water design supply temperature
shall be modeled at 44°F and return water temperature at 56°F.

G3.1.3.9 Chilled-Water Supply Temperature Reset
(Systems 7 and 8). Chilled-water supply temperature shall be
reset based on outdoor dry-bulb temperature using the follow-
ing schedule: 44°F at 80°F and above, 54°F at 60°F and
below, and ramped linearly between 44°F and 54°F at temper-
atures between 80°F and 60°F.

G3.1.3.10 Chilled-Water Pumps. The baseline build-
ing design pump power shall be 22 W/gpm. Chilled-water
systems with a cooling capacity of 300 tons or more shall be
modeled as primary/secondary systems with variable-speed
drives on the secondary pumping loop. Chilled-water pumps
in systems serving less than 300 tons cooling capacity shall be
modeled as a primary/secondary systems with secondary
pump riding the pump curve.

Exception: The pump power for systems using purchased
chilled water shall be 16 W/gpm.

All about AT. Either control directly with a
<—— temperature reactive VFD pump or valves
and a pressure reactive pump

VSD (VFD) pumps are mandated for use on
secondary systems on larger systems
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6.5.4 Hydronic System Design and Control.

6.5.4.1 Hydronic Variable Flow Systems. HVAC
pumping systems having a total pump system power exceed-
ing 10 hp that include control valves designed to modulate or
step open and close as a function of load shall be designed for
variable fluid flow and shall be capable of reducing pump
flow rates to 50% or less of the design flow rate. Individual
chilled water pumps serving variable flow systems having
motors exceeding 5 hp shall have controls and/or devices
(such as variable speed control) that will result in pump
motor demand of no more than 30% of design wattage at 50%
of design water flow. The controls or devices shall be con-
trolled as a function of desired flow or to maintain a mini-
mum required differential pressure. Differential pressure
shall be measured at or near the most remote heat exchanger
or the heat exchanger requiring the greatest differential pres-
sure. The differential pressure sefpoint shall be no more than
110% of that required to achieve design flow through the heat
exchanger. Where differential pressure control is used to
comply with this section and DDC controls are used the set-
point shall be reset downward based on valve positions until
one valve is nearly wide open.

Exceptions:

a. Systems where the minimum flow is less than the
minimum flow required by the equipment manufac-
turer for the proper operation of equipment served by
the system, such as chillers, and where total pump
system power is 75 hp or less.

b. Systems that include no more than three control
valves.

/

6.4.2.2 Pump Head. Pump differential pressure (head)
for the purpose of sizing pumps shall be determined in accor-
dance with gemerally accepted engineering standards and
handbooks acceptable to the adopting authority. The pressure
drop through each device and pipe segment in the critical cir-
cuit at design conditions shall be calculated.

6.4.3 Controls
6.4.3.1 Zone Thermostatic Controls

6.4.3.1.1 General. The supply of heating and cooling
energy to each zone shall be individually controlled by ther-
mostatic controls responding to temperature within the zone.
For the purposes of Section 6.4.3.1, a dwelling unit shall be
permitted to be considered a single zone.

Reducing pump flow by 50% > 10 Hp on

systems with valves

30% wattage at 50% design flow descriptor

A P sensor location

LoadMatch systems are NOT required to
have variable speed pumping as they have
no more than 3 control valves

e ——
[ S————____ Smm——
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6.5.4.4.2

Hydronic heat pumps and water-cooled uni-
tary air-conditioners having a total pump system power
exceeding 5 hp shall have controls and/or devices (such as
variable speed control) that will result in pump motor demand
of no more than 30% of design wattage at 50% of design water
flow.

6.5.4.5 Pipe Sizing. All chilled-water and condenser-
water piping shall be designed such that the design flow rate
in each pipe segment shall not exceed the values listed in
Table 6.5.4.5 for the appropriate total annual hours of oper-
ation. Pipe size selections for systems that operate under
variable flow conditions (e.g., modulating two-way control
valves at coils) and that contain variable-speed pump motors
are allowed to be made from the “Variable Flow/Variable
Speed” columns. All others shall be made from the “Other”
columns.

Exceptions:

a. Design flow rates exceeding the values in Table
6.5.4.5 are allowed in specific sections of pipe if the
pipe in question is not in the eritical circuit at design
conditions and is not predicted to be in the critical
circuit during more than 30% of operating hours.

b. Piping systems that have equivalent or lower total
pressure drop than the same system constructed with
standard weight steel pipe with piping and fittings
sized per Table 6.5.4.5.

< 30% wattage at 50% design flow descriptor
Higher velocities (smaller pipes) with VFD!
TABLE 6.5.4.5 Piping System Design Maximum Flow Rate in GPM
Operating Hours/Year <2000 Hours/Year >2000 and < 4400 Hours/Year >4400 Hours/Year
Variable Flow/ Variable Flow/ Variable Flow/
Nominal Pipe Size, in. other — y viablespeed O™ Variable Speed Other Variable Speed
2172 120 180 85 130 68 110
3 180 270 140 210 110 170
4 350 530 260 400 210 320
5 410 620 310 470 250 370
6 740 1100 570 860 440 680
8 1200 1800 900 1400 700 1100
10 1800 2700 1300 2000 1000 1600
12 2500 3800 1900 2900 1500 2300
Maximum Velocity for Pipes
over 12 in. Size 8.5 fps 13.0 fps 6.5 fps 9.5 fps 5.0 fps 7.5 fps
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Federal Register /Vol. 76, No. 113/ Monday, June 13, 2011/ FProposed Rules 34103

Washinglon, DC 205850021, Phone:
[202) 586—-2945. Please submit one
signed paper original.

» Hand Delivery/Courier: Ms. Brenda
Edwards, LS. DEpaerEnl of E
Building Technologies Program E
Floor, 950 L'Enfant Plaza, SW.,
Washington, DC 20024, Phone: (202)
566-2045. Please submit one signed
paper ariginal.

« Instructions: All submissions
received must include the agency name
and docket number,

Docket: For access to the docket to
read hackground documents or
comments received, visit the LS.
Department of Energy, Resource Room
of the Building Technologies Program,
950 L'Enfant Plaza, SW., Suite 600,
Washington, DC 20024, (202) 586-2045,
between 0 a.m. and 4 p.m., Monday

through Friday. e.‘(l:Elfl Federal holidays.

Flease call Ms. Brenda Edwards at the
above talephone number for additional
information regarding visiting the
Resopurce Room.

FOR FURTHER INFORMATION CONTACT: Mr.
Charles Llenza, U8, Depariment of
Energy, Office of E ¢ Efficiency and
Renewahle Energy, Building
Technologies Program, EE-2], 1000
Independence Avenue, SW.,
Washington, DC 205850121,
Telephone: (202) 586-2102. E-mail:
Charles Llenza®es.dos. gov.

In the Office of General Counsel, Ms.
Elizabeth Kohl. U.S. Deparimeant of
Energy, Office of the General Counsel,
GC-71, 1000 Independence Avenune,
SW., Washington, DC 20585-0121.
Telephone: (202) 586-7706. E-mail:
Elizabeth Kohl@hg. doe. gov.

SUPPLEMENTARY INFORMATION:
1. Statutory Authority

Title 11l of the Energy Policy and
Conservation Act (EPCA) of 1075, as
amended (42 U.5.C. 6201 of seq.), sets
forth various provisions designed to
improve energy efficiency. Part C of
EPCA includes measures to improve the
energy efficiency of commercial and
industrial equipment.t See 42 U.5.C.
B311-6316.

Section 6311[A) includes electric
motors and pumps as “covered
equipment.” Section 6316(a) describes
how provisions in Part A (which
concerns “Consumer Products Other
Than Automobiles™) apply to industrial
equipment, which 'm:f des pumps.2

¥ Part © was re-designated Part A-10a
wodification of the 11.5. Goda for editorial reasons.

2 It statas that the provisions of smaion 62960:),
[}, and [d), the provisions of subsoctions {1}
through [s) of saction 6295, and saction G297
through 6306 shall apply with respoct o olectric
mintars and pumps bo the sams sxtant and in the

Sections 6314 and 6315 concern test
cedures and labaling, respactivaly.

E:jnu\rered aquipment. The provisions
in thesa sections, in combination with
section 6316(a), give DOE authority to
establish test procedures and to
prascribe a lage]mg rule for pumps.

Based on the information DOE
receives in response to this Request for
Information, DOE will determine
whether to initiate a rulemaking to
establizh a test procedure, energy

alzo used the 2006 MECS data. The total
industrial energy use was estimated to
ba 126,180 mjlfion kWwh or 0.43 quads
site energy use. Part of the reason for the
lower estimate in this study is that the
anthors listed a lower value for the
petrolenm refining industry than any of
the other three studies.

An earlier study conducted for DOE,
“United States Industrial Electric Motor
Systems Opportunities Assessment,
DEl:Emher 2002,"4 Bstima.led energy

DOE?

Regulation Due this fall — 5 years to comply

conservation standard, or labeling <
irement for commercial and
ndustrial pumps.
2. Evaluation of Pumps as Covered
Equipment

EPCA lists several specific types of
“industrial equipment” as “covered
equipment,” including electric motors
and pumps. (42 U.5.C. 6311(1])

IMIE estimates that commercial,
industrial, and agricultural pumps
consume approximately 0,63 Euads per
year of electricity and that technologies
exist that can reduce this consumption
by approximately 01090 quads annually.

DOE used industry anﬁnsus data to
calculate the average establishmant
energy use for pumps.

Industrial Pumps

Several estimates have been made of
industrial p electricity use. Four are
discuzsed ﬁﬂ The most recent. made
for the DOE Office of Enegy Elﬂ:lency
and Renewable Energ&-llj.:l ustrial
Technologies ram by Energetics
I.rmurpm:?ed g:;ges that the lnrlg:]‘t
industrial energy use of industrial
pumps is estimated to be 185,000
million kWh or 0,63 quads site energy
use. The machine drive energy data
used in this estimate (http://wwwi.eore,
energy.gov/industry/rd/footprints.him])
were primarily provided by the DOE
E ¢ Information Administration’s

IA's) Manufacturing Ene
Consumption Survey [MECS). The
machine drive energy includes pum
energy and reflects consumption in 51@
year 2006, when the survey was last
complated.

Another recent report for the United
Nations (*Motor System Efficiency
Supply Curves UNIDO,” Dec. 2010),2

sama mannar 2 thay apply in part A. In applying

the provisions in the sections va, saction
&316{al1] stalus that refarances 1o secians G203,
&204, and 6295 of this title shall be considared as
refurancas o sactions 6314, 6315, and 6313 of this
tiths, raspectivaly; and section 63164a)3) states that
the tarm “squipmant” shall ba sab=titated for the
tarm *product.”

IMicKana, A, and A. Hasanbaigi, “Modor Systems
Efficioncy Supply Cirrvas,” Unitad Nations
Industrial Devalopmant Organization. (2010}
{Awnilabla 2t fritpo/findustrial exargy. il gowfilos!
industriai-enegyoctive/ W UNIDOG 20

secl.clr Tll-'ns energy use estimata did not
include agriculture, oil and gas
extraction, water and wastewater, or
mineral mining. Standard Industrial
Codes (S1Cs) from 20-39 (except for 21
and 39) were included in the analysis.
The site energy use estimated for the
yesl 16904 was 142 600 million kWh or

uads site energy use. Tabla 2.1
|1.5ls energy use for each industry
analyzed.

TABLE 2. {—IMDUSTRIAL SECTOR
ELECTRICITY USE BY PUMPS

Jeckriy
el use
Industry (milbons of
KWh)
Texdile Mill rmchm . 2049
Lumber Wood ... 1.209
Fumiturs and Fixtures 27
Paper and Allied products 31,309
Printing ard Publishing . B4
Chemical and Allied Prod-
Petroleum and Coal Prod-
Aubber and Miscellanaous
Plastics 9211
Smna Cl
= ]
ana.ry Metal Industrizs THdE
Fabricated Metal Industries. _. o3
Industrial Mad'unanr and
qu)mu:nd
7732
5517
504

The American Council for an Energy-
Efficient Economy (ACEEE] 2003 repaort
“Realizing Energy Efficiency
Oppartunities in Industrial Fan and
Pump Systems” summarizes the e
use of pumps in a variety of industria
sattings (including manufacturing,

Matar%205y 26K ficiency %
20Curves.pef)

411.5 Dopartment of Enargy, “United Statos
Industrial Elacaric Motor Systams Market
Opporunitios Assassmant.” Offica of Enargy
Efficioncy and Rancwabla Enargy, Unitod Statos
Degartmont of Enargy. [2002] Availablo at: htipe@
www.oil. doa. goviestproctioes”

Sections 6314 and 6315 concern test
procedures and labeling, respectively,
for covered equipment. The provisions
in these sections, in combination with
section 6316(a), give DOE authority to
establish test procedures and to
prescribe a labeling rule for pumps.

Based on the information DOE
receives in response to this Request for
Information, DOE will determine
whether to initiate a rulemaking to
establish a test procedure, energy
conservation standard, or labeling
requirement for commercial and
industrial pumps.

2, Evaluation of Pumps as Covered
Equipment

EPCA lists several specific types of
“industrial equipment” as “covered
equipment,” including electric motors
and pumps. (42 U.S.C. 6311(1))

DOE estimates that commercial,
industrial, and agricultural pumps
consume approximately 0.63 quads per
year of electricity and that technologies
exist that can reduce this consumption
by approximately 0.190 guads annually.

DOE used industry and census data to
calculate the average establishment
energy use for pumps.
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In Scope?

Pump Type

DOE?

Regulation Due this fall — 5 years to comply

ANSI/HI Nomenclature
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State Incentive Programs

DSIRE”" = ENERGY

IRE.

Site Map | Energy Efficiency Links | Update Your Profile | Contact

CEEE::

American Gouncil for an Energy-Efficient Economy

Energy Efficiency Portals
Consumer Resources

Home - Enerqy Efficiency Portals - State Energy Policy - Utility Policies

Utility Policies

Policies and programs that address customer end uses of energy
achieving greater energy efficiency within the electric and natural
States use ratepayer funds to administer programs that advance tj
energy efficiency in numerous sectors, including residential and c
buildings, industry, and public institutions. States use different mo:
ratepayer funds, allowing utilities to run programs, utilizing a third]
these models.

The policies that underpin these programs include utility regulation]
that guides state efforts to advance energy efficiency. Regulationg
utility incentives to pursue energy efficiency and compensate a uti
from energy efficiency measures in a process known as “decouplif
legislatures can prod utility commissions to adopt these regulafion
legislation. Another major policy states can adopt is the Energy Ef]
Standard (EERS), which reguires utilities to annually save a certa
energy over a multi-year period.

The ACEEE Utility database pages pnmarnly address the electric
historically been the main focus in most states for program fundin
We include less information on natural gas sector policies and prg
are often interwoven or otherwise closely related to electric sector]
programs. Some states also have well-established efficiency prog|
electricity and natural gas. In future editions of these summaries W
similar information specifically about palicies and programs in the
sector.

Database of State Incentives for Renewables & Efficiency

Home

solar policy
information

Resources

RPS Data
Summary Maps
Summary Tables
Library

What's New?

Search

Contact About

DSIRE is the most comprehensive source of information on incentives and policies that
support renewables and energy efficiency in the United States. Established in 1995, DSIRE is
currently operated by the N.C. Solar Center at N.C. State University, with support from the

Interstate Renewable Energy Council, Inc. DSIRE is funded by the U.S. Department of Energy.

é View Federal
Search DSIRE — Incentives

U.S. DEPARTMENT OF

C

Energy Efficiency &
Renewable Energy

e

N INA
Solar Center

® T

sign up Q
for DSIRE news

dC0
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What's a Variable Flow System Application
And Why Does This Matter?

An HVAC system is like our body
« Brain = BMS (BAS) system
 Heart = pump
« Stomach = boiler or chiller
» Arteries = piping system
Working out - system under load
 Body - heart rate up, increased blood pressure,
consumes more energy
» Building — more BTU'’s (flow), more head
Sleeping - system under low load or setback
 Body — heart rate and blood pressure down,
consumes less energy
« Building — less BTU'’s, lower head

At least that’s the way it is supposed to work!
What if our heart and blood pressure didn’t change?
Conclusion — all HVYAC APPS are variable flow!

e ——
e —
e
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Integrated VFD with Sensorless Control

Constant Pressure Mode

H

Hsei [

N

4xdxB @8.19 in

1] 126 25.2 are 50.5
a0
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&

Constant
pressure
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B

Flow (U
Water, spg= 1.0000 (USgpm)
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15.2
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(w) peay

a1
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3.0

Figure 5 - Constant Pressure Control

True System Curve Mode

4x4x8 @ 8.191in

Wiater, spor= 1.0000

Flow (Lis)
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Figure 1 - System Control Curve

H set

Hset

Proportional Pressure Mode

Proportional
pressure

AxdxB @ 8.19 in

Flow (Us)
0 126 25.2 ar9 50.5
80 244
1827 pm 4g o
— F &7
70 Y —— 213
1l |
1663 pm | e, i
&0 ==t e 18.3
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[ h
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Figure 4 - Proportional Pressure Conirol
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Applications

Example:
Chilled water primary / secondary system

Variable Flow

| CHILLER

Variable Flow

Constant Flow

PRIMARY SECONDARY

| CHILLER

Constant Flow

Naco
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Constant Flow Mode

Self-sensing CONSTANT flow is self-balancing and automatically
adjusts flow to maintain user-defined flow set point.

Used on constant flow chiller / boiler pumps

CHILLER __"--..\ |

System

Constant Flow Performange

PRIMARY

Head (Feet)

/
o’/

CHILLER

60 20 40 80 100 120

a0
Constant Flow Flow (GPM)

Benefits:
— Balancing through reduced speed — not false head
— Reduced speed increases equipment life
— Balancing done internally and automatically
— Auto adjust over the life and fouling of the system
— Using full trim impellers

— Allows for design vs.. reality differences
S ————
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Variable Flow Mode

Self-sensing variable flow adapts to system pressure variations and
automatically follows the system performance curve to meet demand.

Used on secondary variable speed pumps

Variable Flow

™~

Variable Flow

. set point

A\

Head (Feet)

System

Performance

SECONDARY 20

Min. set point

40 60
Flow (GPM)

120

Benefits:

Lower install costs
No error in setpoint

Improved system efficiency and performance
Reduced coordination and construction schedule

Maco
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Sample of zoning with Circulators

Circulator Pumps

e Naco
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Example of zoning with Zone

Valves
I

Zone Valv§\
\\
LEEL S

Circulator Pump

Boiler

I Naco
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« Variable flow v/
« Constant flow %
« Balancing complexity - high

HYDRONIC VALVE

?ﬁ

MULTIPURPOSE #

i A

7J

>

Direct Return Piping System
(firstin / first out)

TERMINAL UNITS

_— == =

1

VALVE
HIGH EFFICIENCY
AIR & DIRT SEPERATOR & SUPPLY PIPE
i g
SUCTION TACO VERTICAL
DIFFUSER INLINE PUMP
>

RETURN PIPE

EXPANSION BOILER
TANK

CONTROL
VALVE

BALANCE
VALVE
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e Variable flow v/

 Constant flow %

« Balancing complexity — low

+ Self Balancing

HIGH EFFICIENCY

HYDRON

MULTIPURPOSE

VALVE

AIR & DIRT SEPERATOR A

Reverse Return Piping System
(first in / last out)

TERMINAL UNITS

b

IC VALVE

b s
CONTROL

1

SUPPLY PIPE

\?%

BALANCE
VALVE

iq
i.; RETURN PIPE
-1
SUCTION TACO VERTICAL

DIFFUSER

INLINE PUMP

l E

EXPANSION
TANK

BOILER
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« Variable flow v/
e Constant flow %
« Balancing complexity — depends

HIGH EFFICIENCY

HYDRONIC VALVE

MULTIPURPOSE
VALVE —— | —

AIR & DIRT SEPERATOR A

Primary Secondary Systems
(pumped secondary)

TERMINAL UNITS

= b

o0 &

o

SUPPLY PIPE

-

4

SUCTION
DIFFUSER

FI‘—» CROSSOVER

TACO VERTICAL BRIDGE
INLINE PUMP

EXPANSION
TANK

BOILER

RETURN PIPE

CONTROL
VALVE

BALANCE
VALVE
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« Variable flow v/ L. .
. Constant flow % Injection Pumping System

« Balancing complexity TERMINAL UNITS
« Crossover bridges balance

 Which circs variable flow? . . .
e e e

CIRCULATING
PUMP Qn ©u én

INJECTION oo

PUMP ©n 6o

] ~ | BALANCE
MULTIPURPOSE | ||- SUPPLY PIPE B VALVE
HIGH EFFICIENCY A VALVE I
AIR & DIRT SEPERATOR i * RETURN PIPE
Sren >
SUCTION TACO VERTICAL
DIFFUSER INLINE PUMP

EXPANSION BOILER
TANK
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e Variable flow v LoadMatch™ Single Pipe Pumping System
 Constant flow %
« Balancing complexity — none req'd TERMINAL UNITS
* Circs variable flow? . . .
LOADMATCH
CIRCULATOR
& 6o &
TWIN
TEE
i L i

MULTIPURPOSE
HIGH EFFICIENCY A VALVE

AIR & DIRT SEPERATOR i ‘n
i PRIMARY LOOP
gu N

SUCTION TACO VERTICAL
DIEFUSER INLINE PUMP
>

BOILER

EXPANSION
TANK
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Balancing VFD Systems

for fans with fan system power greater than 1 hp, fan speed
shall be adjusted to meet design flow conditions.

6.7.2.3.3 Hydronic System Balancing. Hydronic
systems shall be proportionately balanced in a manner to first
minimize throttling losses; then the pump impeller shall be
trimmed or pump speed shall be adjusted to meet design flow
conditions.

Exceptions: Impellers need not be trimmed nor pump speed
adjusted

a. for pumps with pump motors of 10 hp or less, or

b. when throttling results in no greater than 5% of the
nameplate horsepower draw, or 3 hp, whichever is

greater, above that required if the impeller was
trimmed.

6.7.2.4 System Commissioning. HVAC control sys-
tems shall be tested to ensure that control elements are cali-
brated, adjusted, and in proper working condition. For
projects larger than 50,000 ft? conditioned area, except ware-
houses and semiheated spaces, detailed instructions for com-
missioning HVAC systems (see Informative Appendix E) shall
be provided by the designer in plans and specifications.

6.8 Minimum Equipment Efficiency Tables

6.8.1 Minimum Efficiency Requirement Listed Equip-
ment—Standard Rating and Operating Conditions

6.8.2 Duct Insulation Tables

The main goal of the secondary chilled water system is to distribute the correct
amount of water to satisfy the load. It must first accurately monitor the system for

changes in load dynamics.

Secondly, it must respond to these load changes with the “correct” amount of flow

Run VFD’s at constant speed — balance then set pumps to AUTO
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SelfSensing vs.
Sensors
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Location of AP Transmitters
Effeciencies are dramatically affected
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SelfSensing Pumps vs. Sensors

Sensors are frequently placed in the wrong location
in the system; this incorrect sensor placement
results in system inefficiency.

In a typical system, trial and error must be used
(i.e. physically moving the sensor) until the
optimum location is determined.

Another strategy is to use multiple sensors to
increase the odds of correct placement. «

These strategies can become costly.

Even if correct placement is achieved, correct
setpoint is rarely used.
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Differential Temperature

As the Delta-T falls below setpoint, the pumps would slow down.
As the Delta-T rises above setpoint, the pumps speed up.
Remember that BTUH = GPM x AT x 500

TERMINAL UNIT. .

PRIMARY SECONDARY *
EXPANSION TANK SYSTEM PUMP cmcuuu-ogl-
o= t e > I » '.'-—
. Thermistor SINGLE PIPE LOOP
AIR SEPARATOR

BOILER Thermistor i ‘
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APC vs Constant Speed

Design load 1,600,000 BTU’s or 160 USGPM @ 20 deg AT
25% load (shoulder heating season) 400,000 BTU or 40 USGPM

H (Ft) x Q (Usgpm)

BHP =
Eff (0.7) x 3960
. 35 Ft x 160 Usgpm
BHP Design = =24
0.6 x 3960
43 Ft x 40 Usgpm
BHP 25% = =1.2
0.4 x 3960
35 Ft x 40 Usgpm
BHP Apc = =0.6
0.6 x 3960
13 Ft x 40 Usgpm
BHP Apv = =0.2

0.6 x 3960

Design flow — 160 USGPM
25% load flow — 40 USGPM

I — ®ico
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Let's Talk About Efficiency

Motor Load

b Eul Load) 15 Hp (100%) 7 Hp (42%) 2 Hp (13%) 0.3 Hp (2%)
Motor Eff* 93% 92.6% 85% 78%
Drive Eff** 96.5% 93.5% 84.5% 44%

* 15 Hp Premium Efficiency
**VFD interpolated from “Energy Tips — Motor (Motor Tip Sheet #11) July 2008

Calculating Annual Electrical Cost to Operate a Pump — need to know:

* Information above on motor (driver) and drive (VFD) — efficiency at various loads

» # of operating hours at each flow (load) condition (load profile — heating or cooling)
» Average cost of electricity (USA average is $0.11 per kW)

* Head, flow and efficiency of the pump (wet end) - assume constant with VFD

H (Ft) x Q (Usgpm) x SG “Knowns”

Line to Water kW = B "M x 1D x 3960 + 500 USGPM @ 81’ (100% load or flow)
e xnvixn «  Pump efficiency @ H/Q “design” = 74%
500 x 81 x 1.0 * Motor efficiency @ design = 93%
0.745 x * Drive efficiency @ design = 96.5%
0.74 x 0.93 x 0.96.5 x 3960 « Assume SG 1.0 ——

300



Motor Efficiency — AC Motors
* Optimum operating range 60% to 80%!

« EISA, NEMA and ASHRAE only refer to FULL LOAD minimum efficiency

100% 4

>

g /s

I ok I A

& I8

'gm. g

o Lood Ranges:

40% =

-:Z Accepable ShotPeriod

§20‘Xu _Acceptable Operating

& -

M T T T L L
Percent Full Load

TABLE 10.8A Minimum Mominal Efficiency for General Purpose
Design A and Design B Motors Rated 600 Volts or Less®

Minimum Nominal Full-Load Motor Efficiency (%) prier to December 19, 2010

O-1hp  10hp 30-60 hp
1.5-5hp  15-25hp 75-100 hp

Open Drip-Proof Moters Totally Enclosed Fan-Coaled Motors
Number of Poles = 2 4 1] 1 4 [
Synchromous Speed (RPAL) = 600 1300 1200 2600 1800 1200
Moter Horsepower
1 NR 82.5 80.0 75.5 825 B0.0
1.5 825 BL0 840 82.5 B40 5.5
2 8B40 8B40 835 B4.0 840 86,5
3 B40 BE.5 B6.5 BS.5 875 B7.5
BA.5 B7.5 B7.5 B7.5 B7.5 B7.5
7.5 875 88.5 885 88.5 895 .5
10 885 89.5 0.2 88.5 89.5 2.5
15 BA.5 aLo 0.2 80.2 a1.0 a0.2
20 a0z oL a1o 80.2 810 0.2
25 a1.o aLT a1y gLO az.4 aLT
a0 a1.o 2.4 02.4 gLO 624 L7
40 a1.7 83.0 jrefi} 8LT 830 3.0
50 024 83.0 a0 2.4 830 3.0
60 230 836 refil 83.0 838 93.8
75 a3.0 841 o368 83.0 a84.1 93.6
100 a3.0 84.1 o4.1 83.6 94.5 941
125 936 94.5 o4.1 94.5 945 841
150 938 85.0 945 94.5 5.0 9.0
200 945 95.0 945 95.0 95.0 95.0

* Normioal sffickncies shall ba established in accoodanco with MEMA. Standard MG, Design A aod Design B are National Electric Manufacrorers Association [REAMA) design clas
h.plmﬁrﬂd—cﬁ-]unqmﬂ]lnd medlum AC squirral-cage induction malars.
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Comparison AC / EC Motor

AC-motor
Non controlled or VFD controlled

Asynchronous-squirrel-cage motor

Rotor is a sheet steel pack with nail like
rods parallel to the rotor shaft

The rotor movement is caused by the
rotating stator magnetic field

Figure 4: Rotor and Stator

top of rotor being pulled
toward upper stator pole
& pushed by stator pole

behind it.

AT

time = a few

time = illi |
permanent milliseconds later

magnets N

:

o

bottom of roter being pulled
toward lower stator pole
& pushed by stator pole
behind it,

EC-motor

« Viridian ECM Technology

Brushless electronically commutated
synchronous motor using a permanent
magnet rotor

The rotor magnetic field “grabs” the
rotating stator magnetic field, causing
rotor rotation

Rotor (impeller) speed is determined by
the pre-programmed drive software.

Maco
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top of rotor being pulled . vy

toward upper stator pole time = 0 permanent milliseconds later

& pushed by stator pole S
behind it.

time = a few

magnets
in rotor

bottom of roter being pulled
toward lower stator pole
& pushed by stator pole
behind It,

Benefits of ECM Technology
* Viridian is 15 to 20% more efficient than pump / VFD
+ Permanent magnet (ECM) motors have flatter torque / efficiency curves than AC

motors (better motor efficiency at low motor loads)
*  PMrotor is driven by magnetic field created by the motor windings
*  Opposite polarity attracts, similar polarity attracts at the same time!

* Higher “turn down” ratios (max vs. min speed relationship — Viridian is 6.8 to 1!)
« PM motors have 300 to 400% higher starting torque

* Viridian is soft start (no power surge)

+ Doesn’t consume any energy in order to magnetize the rotor

» Creates continuous thrust

Maco
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(HVAC svstems are DYNAMIC — loads / flows continually change)
Pump load profile

Seasonal load profile
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Heating - Pump Operation:
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(HVAC systems are DYNAMIC — loads / flows continually change)
Seasonal load profile

Pump load profile
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AC Part Load Analysis - ARI Standard
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Payback Analysis

Based on 6,480 annual operating hours, pump costs and $0.11/kWh cost of power
Data from LCL Excel file for energy comparison — Viridian vs.. 1900 Series

$6,000
$5,000
$4,000
$3,000
$2,000
$1,000

1]
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ECM and Self Sensing Technology

FAQS:

Availability of larger ECM motors
*ECM motors in Residential markets
*ECM/Variable Flow in Solar — why/why not?
«State Incentive Programs — residential and commercial
*ECM Failure Modes
«Available Voltages
*Sensor Lessons Learned
ASHRAE and DOE Activities

ST waco
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Variable Speed Pumping

Questions???
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NESEA

NORTHEAST SUSTAINABLE ENERGY ASSOCIATION

i

ECM and Self Sensing Technology

Presented by Steve Thompson
VP - Residential Product Management — Taco Inc.
Mobile (401) 441-2934
E Mail: stetho@taco-hvac.com
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Benefits of Variable Speed Pumping

Energy Savings

The Pump Affinity Laws are a series of relationships relating, Flow (Q), Head (H),
Horsepower (BHP), and Speed (N in units of R.P.M.)

The Affinity Laws Relating to Speed Change Are:
Flow: Q2 =0Q1 X (N2/N1)
Head: H2 = H1 X (N2/N1)2
Horsepower: BHP2 = BHP1 X (N2/N1)3

Reducing the speed has a cubed effect on HP 1/2 Speed = 1/8 HP

Most systems operate at reduced capacity most of their lives.

Speed Flow Head BHP
100%  100% 100%  100%
75% 75%  56%  42%
50% 50%  25% @ 12.5%
25% 25% 6% 1.2%

I — Naco
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