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RESENTATION TOPICS (NOT EXHAUSTIVE )

o Standard 90.1 Overview

o Equipment Efficiency

o Controls

o Fan Power/Efficiency

o Exhaust Air Energy Recovery
o Central Hydronic Plant

o HVAC Construction

o Computer Room Cooling
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@ 90.1 OVERVIEW
o




SECTIONS

o

Section 6 d Mechanical (HVAC)
Section 7 d Service water heating

Section 8 d Power
electricity distribution losses, transformers, etc.

(]

o

o

Section 10 6 Other equipment
elevators, escalators, booster pumps, motor efficiency e




COMPLIANCE PATHS

o Comply with all mandatory provisions in the

Standard AND

Prescriptive Provisions of Each Section OR
Performance Provisions of Each Section OR
Section 11, Energy Cost Budget

MANDATORY
PROVISIONS
X.4
PRESCRIPTIVE PERFORMANCE
PROVISIONS PROVISIONS
X.5 X.6

SECTION 11




() EQUIPMENT P ERFORMANCE
MANDATORY EFFICIENCIES
(0




EQUIPMENT PERFORMANCE TABLES
6.8.1)

o Chillers o PTACs

o Packaged Equipment ° VRFs

o Split Systems o Heat Pumps
o Furnaces o CRACs

o Bollers o Eftc.

TABLE 6.8.1-3 Water-Chilling Packages—Efficiency Requirements®b:¢

Effective 1/1/2010 Effective 1/1/2015 T
. . < _— est
Equipment Type Size Category Units P dure®
Path A Path B Path A Path B rocedure
=9.562 FL =10.100 FL =9.700 FL
<150 tons - NAY
=12.500 [PLV =13.700 IPLV =15.800 IPLV
- _—— EER
Air-cooled chillers (Btu/'W)
>9.562 FL =10.100 FL =9.700 FL
=150 tons — NAY
=12.750 IPLV =14.000 IPLV 216.100 IPLV
. . ) Alir-cooled chillers without condenser must be rated with
Air-cooled without condenser, N e EER " ¥ N AR o
T - All capacities e matching condensers and comply with air-cooled chiller
electrically operated (Btu/W) ° 2

cfficiency requirements

=0.780 FL <0.800 FL <0.750 FL <0.780 FL
<75 tons

£0.630 IPLV ~ =0.600 IPLV ~ 0.600 IPLV ~ =0.500 IPLV

=0.775 FL =0.790 FL =0.720 FL =0.750 FL

=75 tons and <150 tons
<0.615 IPLV ~ <0.586 IPLV  <0.560 IPLV  <0.490 IPLV




EQUIPMENT PERFORMANCE TABLES
(6.8.1)

o Equipment must meet the efficiencies at the
rating conditions.
o NOT the specific conditions of the project

. Excluding chillers operating at nonstandard chilled
water conditions

TABLE 6.8.1-3 Water-Chilling Packages—Efficiency Requirements®b:¢
Effective 1/1/2010 Effective 1/1/2015 T
. . . - est
Equipment Type Size Category Units P dure®
Path A Path B Path A Path B rocedure
=9.562 FL =10.100 FL =9.700 FL
<150 tons - NAY
=12.500 [PLV =13.700 IPLV =15.800 IPLV
- _ EER
Air-cooled chillers (Btu/'W)
=9.562 FL =10.100 FL =9.700 FL
=150 tons — NAY
=12.750 IPLV =14.000 IPLV =16.100 IPLV

EER Air-cooled chillers without condenser must be rated with
All capacities (Blw/W) matching condensers and comply with air-cooled chiller
' cfficiency requirements

Air-cooled without condenser,
electrically operated

=0.780 FL =0.800 FL =0.750 FL =0.780 FL

<75 tons
20.630 IPLV ~ =0.600 IPLV ~ =0.600 IPLV  =0.500 IPLV

=0.775 FL =0.790 FL =0.720 FL =0.750 FL

=75 tons and <150 tons
<0.615 IPLV ~ <0.586 IPLV  <0.560 IPLV  <0.490 IPLV




EQUIPMENT PERFORMANCE TABLES
(6.8.1)

o Efficiency focuses on full load efficiency AND
annualized efficiency
. Systems rarely, if ever operate at full load

. Mechanical efficiencies have reached diminishing
return

. Inexpensive controls enable improved part load
efficiency




EQUIPMENT PERFORMANCE TABLES
(7.8)

o Gas/oll Water Heaters

o Electric Water Heaters
o |nstantaneous

o Storage Tank

o Pool Heaters

TABLE 7.8 Performance Requirements for Water-Heating Equipment

Size Cat /
Equipment Type 1ze Lategory

Subcategory or

Performance Required *

Test
Procedure’*

(Input) Rating Condition
Electric table-top water <12 kW Resistance 0.93-0 00035V EF DOE 10 CFR
heaters >20 gal Part 430
Resistance - DOE 10 CFR
< 97
<12 kW 220 gl 0.97-0.00035V EF Part 430
Electric . Section G.2 of
>12 kW ance =20 gz 3+ 27/Vm %/
water heaters 12 kW Resistance =20 gal 0.3 +27/Vm %/h ANSI Z21.10.3
<24 Amps and . - DOE 10 CFR
250 Volts Heat Pump 0.93-0.00035V EF Part 430
DOE 10 CFR
/ | 7
<75,000 Btw'h 220 gal 0.67-0.0005V EF Part 430

Gas storage
water heaters
>75,000 Btwh

<4000 (Btu/'h)/gal

80% E,(Q/799 + 16.6./7)
SL. Btu/h

Sections G.1 and
G.2 of ANSI
Z21.10.3




ELECTRIC MOTOR PERFORMANCE TABLES
(10.8)

o General Purpose
o Polyphase Smal | ( O3 HP)
o Capacitor -Start Motors ( O 3 H)P

Fire Pump Motors

TABLE 10.8-1 Minimum Nominal Full-Load Efficiency for General Purpose Electric Motors (Subtype |),
Except Fire-Pump Electric Motors?

Full-Load Efficiency, %

Open Drip-Proof Motors Totally Enclosed Fan-Cooled Motors
Number of Poles = 2 4 6 2 4 6
Synchronous Speed (RPM) = 3600 1800 1200 3600 1800 1200
Motor Horsepower
1 77.0 85.5 82.5 77.0 85.5 82.5
1.5 84.0 86.5 80.5 84.0 86.5 87.5
2 85.5 86.5 87.5 85.5 86.5 88.5
3 85.5 89.5 88.5 86.5 89.5 89.5
5 86.5 89.5 89.5 88.5 89.5 89.5
7.5 88.5 91.0 90.2 89.5 91.7 91.0




@ MECHANICAL CONTROLS
-




M ANDATORY DIRECT DIGITAL CONTROLS
(6.4.3.10)

o DDC Systems are now mandatory in many
applications

o Larger new building applications dependent
upon:
o Type and size of equipment
o Also required in many renovations dependent
upon:
o Scope of renovation
o Type and size of new equipment

o Existing control system




MANDATORY DIRECT DIGITAL

(6.4.3.10)

CONTROLS

TABLE 6.4.3.10.1 DDC Applications and Qualifications

Building Status

Application

Qualifications

New building

New building

New building

Alteration or addition

Alteration or addition

Alteration or addition

Alteration or addition

Alteration or addition

Air-handling system and all zones served by the
system

Chilled-water plant and all coils and terminal units

served by the system

Hot-water plant and all coils and terminal units
served by the system

Zone terminal unit such as VAV box

Air-handling system or fan coil

New air-handling system and all new zones
served by the system

New or upgraded chilled-water plant

New or upgraded hot-water plant

Individual systems supplying more than three zones
and with fan system bhp of 10 hp and larger

Individual plants supplying more than three zones
and with design cooling capacity of 300,000 Btu/h
and larger

Individual plants supplying more than three zones
and with design heating capacity of 300,000 Btu/h
and larger

Where existing zones served by the same air-
handling, chilled-water, or hot-water system have
DDC

Where existing air-handling system(s) and fan-
coil(s) served by the same chilled- or hot-water plant
have DDC

Individual systems with fan system bhp of 10 hp and
larger and supplying more than three zones and
more than 75% of zones are new

Where all chillers are new and plant design cooling
capacity is 300,000 Btu/h and larger

Where all boilers are new and plant design heating
capacity is 300,000 Btu/h and larger




DDC CaAPABILITY (6.4.3.10.2)

o

Monitor:

. Zone demand

- Duct pressure

. Hydronic pressure

Transfer zone information from zone controller to
plant controllers

Automatically identify problem zones
Allow removal of problem zones from reset logic
Trend and Display points

o

o

o

o]




MANDATORY HVAC C ONTROLS

o

Deadband 6 Must maintain 5 °F between heating
and cooling space temp setpoints

Automatic Shutdown 0 Shutdown the system
when occupants are not present

Night Setback 0 Relaxed thermostat setpoints
during unoccupied periods. Increase 5 °F in cooling.
Reduce 10°F in heating

Optimum Start 0 Reduce the amount of time it
takes to bring spaces to occupied temperature
setpoint .

Damper and Fan Shutoff Controls o0 Motorized
OA and EA dampers must close. Exhaust fans must

stop.




VARIABLE PARKING GARAGE EXHAUST
(6.4.3.4.5)

o Applies to enclosed parking garages
o Monitor garage contaminant level (CO2, CO, NOXx)

o Adjust exhaust rate to maintain adequate indoor air
guality
. Setpoints are not dictated by 90.1

o Min exhaust rate must not be more than 50% of the
design airflow




DEMAND CONTROL VENTILATION
(6.4.3.8)

o Occupant Density (reduced for 2013)
2010 Threshold O%40 people/ 100
2013 Threshold 025 people/ 100

> New threshold aligns with green rating systems
o Change will require  DCV in many spaces which

previously did not require it.
Notably, classrooms

demand control ventilation (DCV): a ventilation system
capability that provides for the automatic reduction of out-
door air intake below design rates when the actual occupancy

of spaces served by the system is less than design occupancy. @




VAV VENTILATION OPTIMIZATION
(6.5.3.3)

o Reset the outdoor airflow rate at the VAV air
handler based on ASHRAE Standard 62.1
Ventilation Rate Procedure.

o Requires two way communication between the
AHU controller and the VAV terminal controllers

o Must measure/communicate:
- VAV terminal airflow
. Zone occupancy (densely occupied spaces)
. Supply air temperature
. AHU Outdoor airflow




ECONOMIZER (6.5.1)

o Systems exceeding the following thresholds must
have economizer (air or water)

O 5 4 btd/b @omfort cooling)

065,000 btu/h (computer room cooling)
. In Denver
. 135,000 btu/h in other climate zones

No economizer requirements in Climate zones la
and 1b

o

o

o




AIR ECONOMIZER (6.5.1.1.3)

o Acceptable control methods have changed
Dry bulb or enthalpy control only

TABLE 6.5.1.1.3 High-Limit Shutoff Control Settings for Air Economizers®

Allowed Only in Climate Zone Required High-Limit Setpoints (Economizer Off When):

Control Type . .

at Listed Setpoint Equation Description

1b, 2b, 3b, 3¢, 4b, 4c, 5b, 5¢, 6b, 7,8 Ty > 75°F Outdoor air temperature exceeds 75°F
Fixed dry-bulb .

xed cty-bu Sa, 6a Tpy = 70°F Outdoor air temperature exceeds 70°F

temperature :

la, 2a, 3a, 4a, Tpq = 65°F Outdoor air temperature exceeds 65°F
Differential dry-bulb 1b, 2b, 3b, 3c. 4b, 4c, 5a, 5b, 5c, 6a, T~ T Outdoor air temperature exceeds
temperature 6b, 7, 8 04~ “R4 return air temperature

Fixed enthalpy witl . . . iy
tned enthaipy with hoy > 28 Buw/Ib®  Outdoor air enthalpy exceeds 28 Btu/lb? of dry air®

fixed dry-bulb All )
y or Ty = 75°F or outdoor air temperature exceeds 75°F
temperature ’
Differential enthalpy ‘ .
. by hoy = hpy Outdoor air enthalpy exceeds return air enthalpy or
with fixed dry-bulb All oM . X 7
or Ty = 75°F outdoor air temperature exceeds 75°F
temperature ’

a. Ataltitudes substantially different than sea level, the fixed enthalpy limit shall be set to the enthalpy value at 75°F and 50% RH. As an example, at approximately 6000 ft elevation,
the fixed enthalpy limit is approximately 30.7 Btu/lb.

b. Devices with selectable rather than adjustable setpoints shall be capable of being set to within 2°F and 2 Btu/lb of the setpoint listed.




WATER ECONOMIZER (6.5.1.2)

o May be used in lieu of Air Economizer

o Must provide 100% of the expected cooling load
. @ 50F db/45°F wb outdoor air conditions
o Additional waterside components ( HX or
precooling coils) must not add more than 15ft of
water pressure.
. If so, add a secondary loop or a bypass




INTEGRATED ECONOMIZER (6.5.1.3)

o All economizers must be integrated

Additional requirements added for DX cooling
o Prohibits/limits false loading mech cooling

o Min compressor run time 9 OA damper may not
close until SAT <45 °F

o Single zone systems must have at least 2 cooling
stages (Capacity dependent)

o Variable air volume systems must have 3o0r4
cooling stages (Capacity dependent)




ECONOMIZER & H UMIDIFICATION
(6.5.1.6)

When humidification maintains indoor air wetbulb
temp. >35 °F:

o Airside economizer is prohibited
o \Water Economizer must be used

This is hot a new reguirement:

Moved from 6.5.2.4 in 2010 to a more relevant
section in 2013




HUMIDIFICATION AND DEHUMIDIFICATION
(6.4.3.6)

o Acti ve humidi fircation |1 mit
warmest zone
o Acti ve dehumidi ficati on | 1 mi

the coolest zone

o Active humidification and dehumidification may
not operate simultaneously

NO HUMIDIFICATION OR
DEHUMIDIFICATION

ACTIVE
DEHUMIDIFICATION

ACTIVE
HUMIDIFICATION




HUMIDIFICATION AND DEHUMIDIFICATION
(6.4.3.6)

Exceptions:
o Direct evap cooling used with a desiccant

o Museums, hospitals, etc where a 10% humidity
deadband is used (as approved by AHJ)

o Critical environment where RH must be
maintained within  £5% (as approved by AHJ)




SIMULTANEOUS HEATING AND COOLING
(6.5.2)

HVAC controls must prevent:

o Reheating

o Recooling

o Mixing of heated and cooled air

o Any form of simultaneously heating and cooling a
zone

AIRFLOW AIRFLOW

NOT all owed unl esseée. .




SIMULTANEOUS HEATING AND COOLING
EXCEPTIONS (6.5.2)

With DDC reheat/ recool allowed provided:

o Deadband flow less than the max of
. 20% of the max SA flow
. Flow require for code ventilation
. Higher SA flow that reduce OA flow
. Higher flow to maintain pressure relationships

> Reheated/recooledf | ow O50 % o f
o 1St heating stage increases SAT only
o 2Md heating stage increases SA flow

ma X




SIMULTANEOUS HEATING AND COOLING
EXCEPTIONS (6.5.2)

With DDC reheat/recool (continued)

Maximum
Supply Air Maximum Supply
Temperature == — — — Airflow Setpoint

\

Maximum \ VAV Supply Air

Heating Airflow Temperature
Setpoint = \

Minimum
Airflow \
Setpoint =

< >« Pt it >
2nd Stage 1st Stage Deadband Cooling Signal
Heating Heating

Figure courtesy ASHRAE
90.1, 2013 Users Manual




SIMULTANEOUS HEATING AND COOLING
EXCEPTIONS (6.5.2)

Without DDC reheat/recool no more than the max of:
o 30% of the max SA flow

o Flow require for code ventilation

o Higher SA flow that reduce OA flow

o Higher flow to maintain pressure relationships

Maximum
Cooling
Airflow

\
N\
AN
N\ vav Supply
\ Air Temperature
AN
Minimum N\
Airflow A\
Setpoint N
\
AN
AN

Heating Signal | Deadband | Cooling Signal Figure courtesy ASHRAE
o o i 90.1, 2013 Users Manual




SUPPLY AIR TEMPERATURE RESET
(6.5.3.4)

To minimize Reheat:

o VAV Systems must include Supply Air
Temperature reset logic

o Requires two way communication between the
AHU and the VAV terminal controllers

o Maintain the highest supply air temperature
setpoint that satisfies all zones in cooling.




FAN CONTROL (6.5.3.2)

Cooling load met by adjusting cooling capacity
(typical single zone system )

o Minimum of 2 fan speeds
- 100% flow @ 100% design fan power
. O 66% flow @ 40% design fan p
o Must have at least two speeds of operation when
using air economizer




FAN CONTROL (6.5.3.2)

Cooling load met by adjusting air flow
(typical VAV system )

o Modulate fan speed between the following points

- 100% flow @ 100% design fan power

. O 50% flow @ 30% design fan p
o Must have at least two speeds of operation when

using air economizer (but would likely just

modulate)




ELECTRICAL ENERGY MONITORING
(8.4.3)

Measurement devices to monitor and store hourly
energy data for the following utility energy types
for 36 months:

o Total electrical energy
HVAC systems
Interior lighting
Exterior lighting
Receptacle circuits

o

o

o

o




WHOLE -BUILDING ENERGY MONITORING
(10.4.5)

Measurement devices to monitor and store hourly
energy data for the following utility energy types
for 36 months:

(0]

(0]

(0]

Natural gas
Fuel oil
Propane
Steam

Chilled water
Heating water




EXCEPTIONS TO ENERGY /ELECTRICAL
MONITORING (10.4.5 AND 8.4.3)

Energy monitoring is NOT required for:
o Buildings or additions < 25,000 ft 2
o Tenant spaces < 10,000 ft 2

o Dwelling units
o Residential buildings with common area < 10,000 ft 2

o Fuel/electricity for emergency equipment




@ FAN POWER & E FFICIENCY
-




FAN POWER (6.5.3.1)

o Two Methods
Nameplate HP (Option 1), less work and less flexible

Brake HP method (Option 2), more work and more
flexible

o The allowance is for ALL fan motors in a fan
system, not each individually

. Supply, return, relief, exhaust




