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TRANE

HVAC Parts & Supplies

Spare Parts Updated

DurkeeSox

Fabric Duct
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Fabric Duct Air Dispersion System
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Trane Care Service

% Building Services /

Automatic Energy Optimization
(AEO)

Energy Savings Features e Purpose - Uolaasniouognoibus:ansnw
goaalunnania:msniviu NbaouBIL

of the Trane TR1 VFD EE e e

3 9alduyon TR200 NBoeTuNsUs:HIawaboIu e Solution - AEO
e Automatic Energy Optimization (AEO) => Automatically provides the required voltage

¢ Automatic Motor Adaptation (AMA) >> Compensates for changes in:

e Sleep Mode 1 Motor load
X Power line voltage

e Light loads/part load Usuaa Output voltage
awan2:n1snnu

Energy

_ Savings Area
'!."I Voltage Required
9 at Heavy Load Reduced voltage reduces
E ' motor current and related
losses (0~10%)

Automatic Motor Adaptation

(AMA) ¥~ \Voltage Required

at Light Load

e Purpose Frequency

>> Ensure reliable starts
=> Optimizes motor performance
e Solution - AMA
>> Measures stator resistance and inductance
>> RHuns without turning the motor shaft or

uncoupling the load
»

2
/7 o 0,,\%
" ‘@&%

Or
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Trane Care Service % rRANE
? Building Services

3 Sleep Mode

¢ Automatically stops when demand is low

e Automatically starts when demand increases
¢ Eliminates unnecessary operation

e Saves energy and equipment wear

Automatic start/stop U
anmo:lnaa Bodowalhing
MsUs:HeawaouIuIa:s:uu
moiuldesioiius:AnsMw
laamdamsriviuniusdu
oonluvns:uu

How Sleep Mode Works

E"' Wake Up

£ Frequency 20Hz

Qv

=1

o

@

I.t Sleep Mode

E Frequency 10Hz

0. Actual Qutput
S Minimum Frequency
O

Frequency aHz

Sleep Mode Timer Sleep Wake Up
Time(s)

TR200 VFD => Usunowilwwh (Hz) cnuanma:nisriiniu
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Engineering Updated

HVAC and Power Section Highlights (cont.)

The requirement can be met with
whichever DCV method is appropriate,
e.g. scheduling, occupancy sensing, CO2z
measurement.

Setback controls. This section now
requires the system to maintain an
adjustable space temperature at least
10°F below the occupied heating
setpoint and at least 5°F above the
occupied cooling setpoint. Radiant
heating systems are treated slightly
differently than in the past: they must
setback at least 4°F below the occupied
heating setpoint.

Optimum start. Previously this was
only required for large systems. The
2013 version removed the 10,000 cfm
threshold, and now requires optimum
start on any system that must be
equipped with both setback controls (not
continually operated and 15,000 Btu/h or
larger) and DDC (see page 4 for DDC
threshold).

A provision was added to require that
outdoor air temperature be used in the
optimization sequence so that it's less
likely to be disabled due to not
responding quickly enough during
extreme weather. Optimum start must
consider, at a minimum, the difference
between the current space temperature
and occupied setpoint, outdoor air
temperature, and time to scheduled
occupancy.

This requirement was expanded beyond
air-based systems so that convection and

radiant systems are included. Mass
radiant floor slabs must use floor

temperature in the optimum start
algonthm also.

Prescriptive Requirements

Meeting all the prescriptive requirements,
in addition to the Mandatory requirements,
is one of the compliance paths in the
Standard (Figure 2). Some, or potentially
all, of these prescriptive requirements can
be avoided if the user elects to use either
the Energy Cost Budget Method (Chapter
11) or the new alternative compliance path
for computer room systems (Section 6.6).

Many of the changes to the prescriptive
requirements in the HVAC chapter (Section
6.b) are summarized below:

Fan Efficiency Grade (FEG). FEG is a new
designation introduced by AMCA that
seeks to enable selection and application
of more-efficient fans. Some fans are
better suited than others for a given
application. Fans included in equipment
listed under Section 8.4.1.1 (such as
packaged rooftops, cooling towers,
condensers, watersource heat pumps, air
cooled chillers, PTACs, furnaces, and VRF
systems) or equipment that bears a third-
party seal for air or performance (such as
cataloged airhandling units and blower
coils) are exempt from this requirement.
FEGE7 is the minimum requirement for
covered fans, and the selection point must
be within 15 percent of peak efficiency. Fan
system power limits still apply at the
system level.

For more information on fan metrics
including FEG, read the 2014 Enginears
Mewsletter, "FANtastic! A Closer Look at
Fan Efficiancy Metrics,” vol. 43-3 (2014).
Vigit trane.com/EN

© 2015 Trane, & busmeass of Ingarsoll Rand.  All nghts reservead

Cooling towers. New requirements for
cooling towers relate to how variable-
speed fans must operate. Multiple cell
heat rejection equipment with variable-
speed drives must operate the maximum
number of fans and control all fans to the
same speed instead of staging them,
subject 10 manufacturer limits for
minimum speed.

Open-circuit cooling towers used on
watercooled chiller systems that have
multiple or variable-speed condenser-
water pumps must be designed so that
all open-circuit tower cells can be run in
parallel with the larger of:

+ the flow produced by the smallest
pump at its minimum expected flow
rate, ar

* 50 percent of the design flow for the
cell.

Boilers. Improved boiler heating
turndown is required, depending on the
capacity of the heating system.

This turndown may be achieved
through multiple, single-input boilers,
one or more modulating boilers, or a
combination.

Though located under Section 6.5.3,
which covers systems with total fan
system motor nameplate of 5 hp and
larger, fan airflow contral was not
intended to apply only to larger
systems. Table 6.5.3.2.1 covers DX
cocling system fan-motors of any size
and chilled-water and evaporative-
cooling system fan-motors down to 14
hp. The error is currently in the
process of being corrected by an
addendum, though not yet published.

10



HVAC and Power Section Highlights

Figure 2. Mandatory plus prescriptive requirements

Mandatary Frescriptive
requirsments requirements
(S6.4) {>0.5)

proposed
HVAC design

Fan airflow control (often referred to
as "single-zone VAV control’) was
added as a mandatory requirement in
the 2010 version. In the 2013 version,
the former mandatory requirement
was replaced by an expanded,

prescriptive requirement that applies to

DX, chilled-water, and evaporative
cooling equipment.

If the cooling equipment controls
capacity directly based on space
temperature, it shall have at least two
stages of fan airflow control, with low
speed not exceeding 66 percent of full
speed.

All other cooling equipment, including
that which controls space temperature
by modulating airflow to the space,
shall have modulating tfan control, with
a minimum speed not exceeding 50
percent of full speed.

In addition, at least two fan speeds are
required during air economizer
operation.

Compressor stages for integrated
economizer control. This was added
in 2013, to limit “fighting” between the
air economizer and the compressor
once the economizer can no longer
offset the entire cooling load. The
effect of this change is far reaching,
particularly for smaller units that
haven't traditicnally had as many
stages of cooling capacity. Some
manutacturers have elected to apply
variable-speed or variable-capacity
compressoers in more products to meet
this requirement. Table 11 shows the
required minimum compressor
displacerment and number of stages
based on the cooling capacity.

Trane Engineers Newsletter volume 441

Alermative
compliance method
{S6.6, computer rooms)

Energy
Cost Budget
(511]

Simplified
Approach
{56.3)

90.1-compliant
HVAC system

Table 11. DX cooling stage requiremeants for units with air economizer

minimum no. of

mifimum
COMPpressor

rated capacity control type cooling changes displacement effective date
capacity control based on .

= 75,000 Btumh space tamp. 2 stanas no raquiramsant 1172014

= 65,000 Btuh capacity control based on 2 stages no requirement 112006
space temp.

265,000 Btuh and modulating airflow to 1124

E 200 NG Bal] | cent ol spars e 3 stages < 36% of full load

} |
= 240,000 Btu/h miodulating arflow to 4 stages = 25% of full load 11/2014

control space termip.

equipment that is certified per Section
6.4.1, and motors covered by Tables
10.8-4 or 10.8-5 (generally more
stringent but skipping several sizes)
are also exempted from this
reqguirament.

Simultaneous heating and cooling
(including humidification and
dehumidification). The current
wiording of Standard 90.1 limits
simultaneous heating and cooling
within the sections on zone controls,
hydronic systems, dehumidification
systems, and humidification systems.

Zone level VAV reheating control is
required to use "dual maximum’
control sequence (Figure 3), if the
system has DDC controls. (See DDC
requireament thresholds on page 4.)

Preheat coils must be controlled so
that they are turned off whenever
mechanical cooling or economizer
operation is occurring.

Automatic shut-off valves are
required for humidifiers with
preheating |ackets, as is insulation
(R-0-5) on dispersion tube hot surfaces
located in the airstream.

Fan system power limit. Single-zone
variable-volume systems are now
required to comply with the more
stringent constant-volume fan power
limit in Section 6.5.3.1, because they
typically have much less ductwork and
few or no pressure control devices.
Cther minor changes to the system fan
power limit include:

* No sound attenuation credit is
given unless the space NC is 35 or
less,

* Deduction for systems that do not
have a central cooling device.

* Deduction for systems that do not
have a central heating device.

Door switches. The intent of the new
requirements for interlocking door
switches with heating and cooling
operation is to reduce energy wasted
when doors are left open and the
outdoor temperature is too warm or
too cold. This is typically accomplished
with a mechanical switch that

integrates the HVAC system operation.

This section requires turning off zone
heating (or resetting the zone setpoint
to 55°F) or the zone cooling (or
resetting the setpoint to 90°F), if an
exterior door in that zone is left open
for 5 minutes.

providing insights for today's HVAC system designer
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HVAC and Power Section Highlights

Fractional motors. This equipment
entered Standard 90.1 in two ways this
cycle: in the previously mentioned
Chapter 10 mandatory section, and
through Section 6.5.3.5 which requires
that motors smaller than 1 hp (down to
1/12 hp) be either electronically-
commutated or at least 70 percent
efficient. Fans that only operate when
providing heating are exempted,
because the motor heat offsets other
heat energy that would otherwise be
necessary. Motors must be able to
have their speed adjusted for either
balancing or remote control. (Belt-
driven fans may use sheave
adjustments.) Motors installed in

Exceptions include:

* building entries with automatic
closing devices,

* any space without a thermostat,
* alterations to existing buildings,
* |oading docks, or

¢ if the outdoor temperature is below
the space temperature during
cooling mode.

Exhaust air energy recovery. The
2013 version has additional
requirements for energy recovery on
systems in climate zones 1A, 24, 3A,
44, BA, BA, 7 and 8 (Table 12). The
requirements expand the requirement
for exhaust air energy recovery 1o
systems with as little as 10 percent
outdoor air. Buildings with continuous
operation of the ventilation system
(8,000 hours per year) now follow a
second table which further expands
the requirements.

Trane Enginears Newsletter volume 44-1

Figure 3. Dual maximum VAV control sequence

100% T~

«+——— heating coil activated ———-

maximum discharge-air
temperature for heating

%% airflow 1o space

0%
design
heating koad

space load

Economizers. The 2010 version
significantly expanded the requirement
for economizers to all climate zones
except 1A. The 2013 version
incorporates changes to the allowable
economizer control types, and adds
new requirements for sensor accuracy
and integrated economizer control.

You may trade off an economizer by
using higher performance equipment
(Table 13).

We will be publishing a follow-up EN
later this year that specifically
addresses the economizer

requirements.

MEXITILM prirmany
airflow

IMEXIMUm primany
« heating airflow

. Mminimum primary
cooling airflow

design discharge-air

temperature for cooling

design
cooling load

Table 13. Eliminate required economizer for
comfort cooling by increasing cooling
efficiency

climate zone efficiency
mmproverment

2A 17%
2B 1%
3A 27%
3B 32%
3C B5%
4A 42%
4B 49%
4C 64%
54 49%
5B 59%
5C 74%
64 56%
6B 65%
72%

B 77%

providing insights for today’s HVAC system designer
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HVAC and Power Section Highlights

Table 12. Exhaust air energy recovery

\Vantilation system operating hours < BO0O hours per year

% outdoor air at full design airflow rate

= 10% 2 20% = 30% = 40% = 50% = 60% = 70% = 80%
chmate zone and and and and and and and
= 20% = 30% = 40% < 50% < BD% < T0% < 80%
design supply fan airflow rate (cfm)
3B, 3C, 4B, AC, 5B MR NA MR MR NAR NR NA NR
1B. 2B. 6C MR NR MR NR = 26000 2 12000 = 5000 = 4000
6B = 28000 = 26500 = 11000 = 5500 = 4500 = 3500 = 2500 = 1500
1A, 24 3A 4A 54 BA = 26000 = 16000 = 5500 = 4500 = 3500 = 2000 = 1000 =0
718 = 4500 > 4000 = 2500 = 1000 =0 =0 =0 =0
Ventilation system operating > 8000 hours per year
% outdoor air at full design airflow rate
=10% = 20% = 30% = 40% = 50% = 60% = 70% = B0%
climate zone and and and and and and and
< 20% < 30% < 40% < B0% < B0%, < T0% < B0%
design supply fan airflow rate (cfm)
3C MR MR MR MR MR MR MR NR
1B. 2B, 3B, 4C, 5C NR = 19500 = 9000 = 5000 = 4000 = 3000 = 1500 =0
1A, 24 3A, 4B, 5B = 2500 = 2000 = 1000 = 500 =0 =0 =0 =0
4A BA G6A 6B, 7 8 =0 =0 =0 =0 =0 =0 =0 =0
Economizer humidification system Figure 4. Altarnative compliance path (new)
impact. While there has always been
a section on the economizer's heating
system impact, a new requirement Byl e
related to humidification system _r 64 g (S6.5)
impact was added in the 2013 version. Ao

The use of a water economizer is
required if the systems uses hydronic
cooling and includes a humidification
system that is designed to maintain
zone humidity higher than 35°F
dewpoint.

Alternative Compliance
Path

Computer rooms and data centers are
included in the scope of Standard 90.1-
2013, as they were in the 2010 version.
But the 2013 version added an
alternative compliance path (Section
6.6) for computer room systems,
which includes data centers, based on
power use effectiveness (PUE). This is
an alternative to complying with the
prescriptive reguirements (Section
6.5). The mandatory requirements still
apply (Figure 4).

Trane Engingers Newsletter volume 44-1

compliance method

(S6.6, computer rooms)

proposed Energy 90.1-compliant
HVAC design CGSEEE"I':ITQH HVAC systlem
Simplified
g Approach
(56.3)
Table 16. Maximun PUE for computer room systems
climate zone PUE® climate zone PUE® climate zone PUE®
1A 1.51 1B 1.53
28 149 2B 1.45
3A 141 3B 1.42 3C 1.39
44 1.36 4B 1.38 4C 138
BA, 1.36 5B 1.33 EC 1.36
6A 1.34 6B 1.33
132 |
8 1.30

#PUEg and PUE; shall not include energy for battery charging

pronding insights for today’s HVAC gystem designer
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HVAC and Power Section Highlights

The PUE compliance path:
* |s climate specific,

* Allows the use of full load PUEg or
annualized PUE4, and

* Was derived from full-year analysis
of annualized energy use.

The maximum allowed PUE values
were developed from energy
simulations that use both water-cooled
chillers with water economizers and air-
cooled chillers with air economizers (no
humidification); and setting the PUE to
be equivalent to the less stringent of
the two. The data centers were
modeled to meet the prescriptive
requirements in Section 6.5. The PUE
values for all climate zones are
achievable by either of these
conventional system types, but any
system design that does not exceed
the maximum PUE is permitted.

Closing

In the September 26, 2014 publication
of the Federal Register, the U.S.
Department of Energy published its
final determination stating that it has
tound ASHRAE Standard 90.1-2013 to
improve building energy efficiency
compared to Standard 90.1-2010. As a
result, states are "required to certify
that they have reviewed the provisions
of their commercial building code
regarding energy efficiency, and, as
necessary, updated their codes to
meet or exceed Standard 90.1-2013."

In late 2014, the International Code
Council published the 2015
Internaticnal Energy Conservation
Code (IECC), which specifically cites
Standard 90.1-2013. As of this
publication, the 2015 IECC has already
been adopted as a model code by
several jurisdictions.

Many changes to the HVAC and Power
sections within Standard 90.1-2013
may cause system and equipment
redesigns. The increasing focus on
controls means that "business as
usual” may not be adequate-or even in
compliance with local energy codes.

There are numerous changes
throughout the new version of 90.1.
Standard and red-line (indicating
specific changes) copies of the
standard can be purchased from the
ASHRAE Bookstore. The standard
remains in continuous maintenance,
which means that changes will
continue to be made in an effort to
reduce building energy cost. Visit the
ASHRAE website to view Standard
90.1 addenda, addenda drafts up for
public review, and errata.

By Susanna Hanson, Trane. You can find this and
previous issues of the Engineers Newslatter at
wavn trane.comfengineersnewsletter. To
comment, e-mail us at ENL@trane.com.
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