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Review of HVAC systems

Simple vs Complex

Update on  significant code changes 

Understand reference material 

Learning Objectives
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Mechanical Energy 

Use Overview
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LOGO Building Energy Use Breakdown

Typical Large Office Building 

Vent. Fans

14%

Space Cool

8%

Space Heat

35%

Misc. Equip.

24%

Area Lights

19%
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LOGO HVAC Big Piece of Energy Pie

Office Example 

 Space Heat 35%

 Cooling 8%

 HVAC fans 14%

Total =57%
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ECM HVAC Energy Use
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HVAC Loads 

Influenced By: 
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LOGO Building Envelope Diminishing Returns of Insulation
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Roof and Walls - Moderate Impact
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LOGO Building Envelope 
Window Area & Window Performance 
Significant Impact
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LOGO Distributed Internal Loads

 General and Task Lighting 

 Computers / Printers 

 Other Small Equipment

Moderate Impact



Company

LOGO Concentrated Process Loads 

 Kitchens

 Servers 

 Equipment

Significant Impact
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LOGO Ventilation Load

Mechanical ventilation of 

~15 cfm/person is 

common target in 

commercial buildings.

Impact Varies – Depends on Building Type
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LOGO Code Measure 

503.2.1

 Prescribed Procedures: Design loads per ASHRAE/ACCA 
Standard 183. 

 Integrated Design Method: Heating and cooling loads shall be 
adjusted to account for load reductions when energy recovery 
systems are utilized

503.2.2

 Equipment and Systems Capacity: shall not exceed the 
calculated load within available equipment options

Outcome: More efficient HVAC system operation

Heating & Cooling Load Calculations &

Equipment and System Sizing 
Intent: Reduce over sizing of HVAC equipment
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Overview of 

Simple and  

Complex HVAC 

Systems 
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LOGO Simple HVAC System

General Attributes

 Packaged equipment with integrated 
heating and/or cooling source 

 No pipe connections 

 Except heating only fan coil systems 

 No secondary terminal device

 Typically constant speed fan 

 Serves single zone

 Single zone thermostatic 

control 
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LOGO Example of Simple Systems

What’s Regulated 

 Unit Efficiency 

 Economizer

 Fan Energy

 Heat Recovery 

Roof Top Unit (RTU)
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LOGO Control Requirements 

What’s Regulated

Programmable Thermostat 

 Temperature set points 

(occupied and unoccupied) 

 Time schedule (time of day / 

days per week / holidays)

 Limited override period
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LOGO Complex HVAC System

General Attributes

 Built up system or packaged with 
externally supplied heating and or 
cooling source (pipe connections) 

 Multiple zones (VAV) 

 Secondary terminal device 

 Variable or constant speed fan  
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LOGO Complete HVAC Systems

A Complex 
Machine 
With Many 
Moving 
Parts and 
Integrated 
Control 

Strategies
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LOGO Air Side Systems 

What’s Regulated 

 Fan Energy

 Heat Recovery Air Handling Unit (AHU)
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LOGO VAV Terminal Unit

Heating coil

Air inlet (from air handler)

Air damper 

actuator

Air outlet, to zones

Heating 

coil 

control 

valve
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LOGO Water Side Systems 

What’s Regulated:
 Hydronic Loop Flow Control & Pressure    

 Chilled Water Flow and Temperature  

 Condenser Water Flow

Pumping w/ VFDs Cooling Towers 
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LOGO Equipment

Chillers  Boilers

What’s Regulated: Boiler Eff. and Chiller Eff. - kw/ton
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LOGO Control Requirements 

Control Functions

Scheduling 

 Optimum start 

Air and Water Side

 Flows 

 Temperatures 

Demand Control 

Ventilation 

 OSA dampers

What’s Regulated: Control Setpoints and Control Sequences 
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LOGO Issue Exercise 

 Go to the page ?? (TBD) in your workbook 

and identify if the systems are simple or 

complex.
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2010 Code 

Requirements
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LOGO Equipment Efficiency Increases

 Applies generally to most equipment tables

 Unitary air conditioners & heat pumps

 Boilers & furnaces

 Chillers, especially part load requirements

Intent: Meet national efficiency standards
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LOGO 2010 OEESC – HVAC 

Compliance

Equipment Efficiency Improvement Examples

Equipment Category Size 2007 Efficiency (part load) 2010 Efficiency (part load)

Air Conditioners (air cooled w/ 

electric heating or none)

≥65,000 Btu/h &

<135,000 Btu/h

10.3 EER 11.2 EER (11.4 IEER)

≥135,000 Btu/h &

<240,000 Btu/h

9.7 EER 11.0 EER (11.2 IEER)

≥240,000 Btu/h &

<760,000 Btu/h

9.5 EER (9.7 IPLV) 10.0 EER (10.1 IEER)

≥760,000 Btu/h 9.2 EER (9.4 IPLV) 9.7 EER (9.8 IEER)

Heat Pump (air cooled, all 

other heating) Cooling Mode

≥65,000 Btu/h &

<135,000 Btu/h

9.9 EER 10.8 EER (11.0 IEER)

≥135,000 Btu/h &

<240,000 Btu/h

9.1 EER 10.4 EER (10.5 IEER)

≥240,000 Btu/h 8.8 EER (9.0 IPLV) 9.3 EER (9.4 IEER)

Air-Cooled Chiller < 150 tons 9.56 EER (9.56 IPLV) 9.562 EER (12.5 IPLV)

>150 tons 9.56 EER (9.56 IPLV) 9.562 EER (12.75 IPLV)

Water Cooled Centrifugal (<150 

tons)

< 150 tons 0.703 kW/ton (0.703 kW/ton) Path A  ≤ 0.634 kW/ton (≤ 0.596 kW/ton)

Path B≤ 0.639 kW/ton (≤ 0.450 kW/ton)

>150 tons & < 300 tons 0.639 kW/ton (0.639 kW/ton) Path A  ≤ 0.634 kW/ton (≤ 0.596 kW/ton)

Path B≤ 0.639 kW/ton (≤ 0.450 kW/ton)

≥ 300 tons & < 600 tons 0.576 kW/ton (0.576 kW/ton) Path A ≤ 0.576 kW/ton (≤ 0.549 kW/ton)

Path B≤ 0.600 kW/ton (≤ 0.400 kW/ton)

≥ 600 tons Path A ≤ 0.570 kW/ton (≤ 0.539 kW/ton)

Path B≤ 0.590 kW/ton (≤ 0.400 kW/ton)
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Air Economizer & 

Ventilation Code 

Requirements 
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LOGO Air Economizers

 Without Economizer

 Either heating and 
cooling

 It’s the Climate

 We have many 
hours at 50–60oF 
OSA

 Perfect for outside 
air cooling

 Free Cooling Result

 More savings

 Less run time

 More fresh air  

Baseline HVAC Energy Use
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Intent: Capture free cooling using outside air
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LOGO Air Economizer Energy Savings

 Save 30% to 50% of 
cooling energy with a 
good “integrated” OSA 
economizer (operational 
when Dx compressor  
runs) 

 Economizer control 
integration exemptions 
below 15 tons removed

 Exception: Data Server 
Rooms

ECM HVAC Energy Use
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Intent: Require integrated operation
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LOGO Properly “Integrated” Economizer

 Thermostat with dedicated 
stage for economizer.
 First stage is economizer

 Second stage is mechanical 
cooling.

 Alternatively, integrated unit 
controls that sequence 
economizer first

 Verification:
 Sequence of operation in specification

 2-stage thermostat at site
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LOGO Changeover or High Limit Sensor

 Snap Disc typical
 Typically fixed at 55 F

 Either economizer OR 
mechanical cooling

 Does NOT meet code

 Changeover Setting 
 Enthalpy or Dry-bulb

 A B C D selection

 “C” = 68 F

 NOT “D”

 Enthalpy at

“B” setting
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LOGO Demand Controlled Ventilation (DCV)

2007: 

 AVERAGE system density 

2010: 

 by ZONE, not system density

 lower density thresholds 

 Many more areas under DCV 

Outcome: Less energy use for unneeded ventilation air. 

Intent: Reduce ventilation air during low building occupancy
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LOGO DCV - Lowers the threshold when required

36

DCV Requirements

Threshold 2007 Code 2010 Code
# People/1,000 sf. 50 People 25 People

Space area multi-zone systems N/A 150 sf.

Space area single-zone systems N/A 500 sf.

Minimum OA flow 1,500 cfm 3,000 cfm (unless system has 

economizer, then no lower limit)

Exceptions
Systems with energy recovery Systems with energy recovery

N/A Spaces less than 750 sf can use 

occupancy sensor to turn off fan 

or close zone damper

Small conference room or break room served by multi-zone system 

requires occupancy sensor control of TU damper
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LOGO Demand Controlled Ventilation (DCV)
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Variable Air Flow  

& Heat Recovery 

Code 

Requirements 
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LOGO VFDs On Fans
Intent: Require variable flow based on load demand

(Stop driving with accelerator and brake)

 2007 - Requires VFDs on:

HVAC Fans: 10HP and greater

Cooling Tower: All Sizes  
 Fans (VSD or 2-speed)

 2010 - Requires VFDs on:

HVAC Fans: 10 HP and greater  

Cooling Tower Fans: 7.5 HP and greater 

 Fans (VSD or 2-speed)

Outcome: Lower HVAC fan energy use
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LOGO Larger Volume Fan Systems 

 2007: Required for fan systems 
greater than 15,000 CFM

 2010: Required for
 Fan systems greater than 8,000 CFM

 Effective January 1, 2012 for dX cooling 
RTUs 10 tons  or more

 Requirement: Reduce airflow to a 
maximum 60% of peak airflow.

Outcome: Less airflow and fan energy use 

Intent: Reduce fan energy during non design conditions
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LOGO Larger Volume Fan Systems 
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LOGO Kitchen Hood Variable Airflow Control 

 2007: no requirement 

 2010: requires VSD for kitchens 

with 5000 cfm of total exhaust

Leading technologies:

 Sense smoke and cooking heat

 Interlock with cooking equipment 

operation

Outcome: Less ventilation and fan energy use
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LOGO Kitchen Hood – Single Hood Example 

Makeup Air Shall Be: 

(a) unheated or heated to 

no more than 60°F and 

(b) uncooled or 

evaporatively cooled.
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Makeup Air Shall Be: 

(a) unheated or heated to no 

more than 60°F and 

(b) uncooled or evaporatively 

cooled.

Kitchen Hood – Multiple Hood Example
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LOGO Exhaust Air Energy Recovery

 2007: Required for fan systems greater than 10,000 
CFM and over 70% outside air 

 2010: Requires fan systems greater than 5,000 
CFM and over 70% outside air 
(Where supplied by multiple units, the aggregate supply (cfm) 

of those units shall be used in applying this requirement).

 Requirement: 
1) 50% efficient energy recovery effectiveness 

2) bypass or control the energy recovery system to permit 
economizer cooling

Outcome: Less ventilation air energy use 

Intent: Reduce ventilation air heating and cooling loads
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Single Fan Unit

Exhaust Air Heat Recovery Example 
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Multiple Fan Units

Exhaust Air Heat Recovery Example 
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Variable Air Volume 

(VAV) System 

Code Requirements 



Company

LOGO VAV System Energy Use

 Typical Old VAV  Code VAV Controls

Typical VAV Energy Load
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If we can get it all right – Big Savings 
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LOGO VAV Distribution System – Multiple Zones  

VAV Box Components

Single Duct System

- Common heating and 

cooling ducting 

- Variable air flow (VAV)

Terminal Units
- VAV boxes 

- Perimeter with reheat  

Controller Reheat Coil

Damper

Motor

Tstat
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LOGO VAV Exterior vs. Interior Loads: Winter Morning  

What is 

required 

Supply Air 

Temp 

(SAT)? 

What is 

required 

reheat? 
SAT =  55 F

SAT =  85 F

• Exterior zones require heavy heating  

• Interior zones have moderate cooling load  

• Server Room zone requires heavy cooling

SAT =  65 F

Server Room
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VAV Exterior vs. Interior Loads: Summer 

Morning    
• East exterior zone requires heavy cooling 

• Other exterior zones require moderate heating

• Interior zones have moderate cooling load  

SAT =  65 F
SAT =

72 F

SAT =

55 F

SAT =  78 F

SAT = 72 F

Building West 

Orientation 

What is 

required 

Supply Air 

Temp 

(SAT)? 
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LOGO Reset of Supply Air Temperature (SAT) 

 2007: 25% reset required

 Typical design 55°F SAT to 75°F Tzone; 

 20 FΔT x 25% = 5°F reset (55°F to 60°F)

 2010: 35% reset required

 20 FΔT x 35% = 7°F reset (55°F to 62°F)

 Applies to Dedicated Outdoor Air Systems 

(DOAS)

Outcome: Less energy use in Multi-zone 

HVAC systems 

Intent: Reduce reheat energy 



Company

LOGO Supply-air Temperature reset controls
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LOGO Supply-Air Temperature Reset Controls
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LOGO Reset of Supply Air Temperature (SAT)

 2007: No requirement

 2010: Requires interior zone box design for reset; 

eg. SAT = 62°F at design

Outcome: Less reheat energy use 

Intent: Prevent warm (rogue) zones from resetting SAT up 

Warm Zone

Sizing of High Internal Load VAV Terminal Units
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LOGO VAV Airflow Turn Down

 2007: 30% zone box maximum airflow
 Or minimum required to meet ventilation

 2010: 20% zone box maximum airflow
 Or minimum required to meet ventilation

 Allow increase to 50% at full heating to avoid 
stratification

 Clarifies (5°F) deadband requirement between 

cooling and heating setpoints.  

Outcome: Less energy use in Multi-zone 

HVAC systems

Intent: Reduce fan and reheat energy
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LOGO VAV Box Airflow Turn Down 

Controller Reheat Coil

Damper

Motor

Tstat

VAV Box Components
Zone load based on supply air temp:

Needs 16 MBH of heat (above 70°F Room Temp)

Energy = (Air Temp Diff) X (Flow)

Adding in reheat effect: 

41 MBH = (80 - 55 F) X 1500 CFM  

33 MBH = (85 - 55 F) X 1000 CFM 

Lower airflow saves fan & reheat energy  

This Example: 33% airflow reduction results in 55% 

fan power savings & 24% gas savings

OR

(Temperature Control: Airflow & Heat)
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LOGO Old Single Maximum 

Single Maximum VAV Box Control
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LOGO New Dual Maximum  

Dual Maximum VAV Box Control
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Hot Water, Hydronic, 

Pumping & Chiller 

Code Requirements 



Company

LOGO DHW Load and Pumping Controls

 2007: Required time control of 

recirculation pump 

 2010: Requires demand sensing control

 Flow switch in cold water pipe

 Aquastat in return water line

 New exception for units < 100,000 

Btu/h or  29 kW

Outcome: Less hot water and pump energy use 

Intent: reduce distribution system standby losses
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LOGO VFDs on Pumps (Hydronic Loops) 

 2007 - Required VSDs on:

Pumps 10 HP and greater

 2010 – Requires

VSDs on Pumps 5 HP and greater

Variable flow for hydronics over 300 MBH 

(typically 25 tons;  60 gpm for heating)

 Multi-speed or VSD

 Multiple pumps

 Mostly 2-way valves

Outcome: Less pump motor 

energy use

Intent: Require variable flow based on load demand

(Stop driving with accelerator and brake)
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LOGO Limited Use of Air Cooled Chillers

 2007: no requirement  

 2010: Chilled water 
plants with more than 
300 tons total capacity 

Limited to 100 tons 
provided by air-cooled 
chillers.

Outcome: less chilled water energy use

Intent: Increase use of water cooled chillers
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LOGO Cooling Tower Flow Turndown

2007: no requirement

2010: Tower Flow Turndown: Open cooling tower 

cells operated in parallel with a turndown flow the 

larger of: 

Outcome: Chilled water 

system that operates more 

efficiently 

1) flow of smallest 

pump or

2) 50 percent of 

tower design flow

Intent: Increase cooling tower heat transfer area and efficiency
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LOGO Chiller Heat Recovery Required

 2007: no requirement  

 2010: required when

 Chilled water plants with more 

than 6,000,000 Btu/hr heat 

rejection (about 400 tons) 

 DHW + reheat load greater than 

1,000,000 BTU/hr 

Provide 50% DHW and 10% 

reheat load with recovery.

Outcome: less heating energy use

Intent: increase use of heat recovery chillers
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LOGO Issue Exercise

 There is a quiz on page ?? (TBD) in your workbook that touches on 

the most important mechanical changes in the new code.
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Misc. Code 

Requirements

(if time permits)
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LOGO Tighter Humidity Control Restrictions

 2007: Limits “Comfort” humidity control

 Humidification only below 30% RH

 Dehumidification only above 60% RH 

 2010: Exceptions Restricted

 Restricted to: Hospitals, process needs, archives, 

museums, critical equipment, and specific humidity 

requirements

 Requires 10% humidity control deadband

 Tighter deadband requires heat recovery and cooling 

efficiency increase

Outcome: Less humidity control energy use 

Intent: Reduce excessive humidification & dehumidification

http://blogs.creativeloafing.com/dailyloaf/files/2009/08/sweating-white-wine-glass-b.jpg
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LOGO Other Changed Items to Look for

 New requirements / removed exceptions

 Electric heat 6 kW or bigger must be heat pump

 Control of freeze protection systems

 OSA/exhaust shut-of dampers required all buildings

 Low profile cooling towers added

 Heating/Cooling Pump Lockout

 EC motors for series fan powered boxes

 Changes in limits

 Pipe insulation for fluids 55°F to 60F

 Fan power calculations required for 

greater than 5 HP & for labs & hospitals


