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• Assignments 1 is graded

• Assignment 2 will be graded 

• Assignment 3 is due this Thursday

• Assignment 4 is posted 
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• We looked at open loop control vs closed loop control

q What was the definition? 

q What components do a closed loop system need to have? 

q How different or similar are they? 

q Could you provide a few examples? 

q What are the controlled variables? 
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• Controller types are
q Pneumatic  
q Electrical
q Electronics 
q Microprocessor-based (e.g., DDC)
q Hybrid

Automatic and DDC Control Fundamentals and Energy Conservation for HVAC Equipment-Part 1 
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• A DDC control is mostly:
q Controller with programmable logic
q Signals to/from end devices
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• What could be an inexpensive microprocessor-based or 
micro-controller?

https://www.sciencedirect.com/science/article/pii/S0378778821006289

https://www.sciencedirect.com/science/article/pii/S0378778821006289
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• Microprocessor-based controllers operate mostly based 
on two levels:
q System
q Zone
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• Looking from the controller installation, there are two 
options:
q Factory mounted controls 
q Field applied controls 

What are the pros and cons of each?
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• We looked at some examples of controllers:

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/literature-and-specs/datasheets/HBT-BMS-CIPer_Model_30_Product_Data_31-00236.pdf

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/literature-and-specs/datasheets/HBT-BMS-CIPer_Model_30_Product_Data_31-00236.pdf
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• We looked at sensors (Examples?)

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/manuals-and-guides/reference-guides/63-8594.pdf

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/manuals-and-guides/reference-guides/63-8594.pdf
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• We looked at some 
examples of controllers:

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/literature-and-specs/datasheets/HBT-BMS-CIPer_Model_30_Product_Data_31-00236.pdf

https://prod-edam.honeywell.com/content/dam/honeywell-edam/hbt/en-us/documents/literature-and-specs/datasheets/HBT-BMS-CIPer_Model_30_Product_Data_31-00236.pdf
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• We looked at some examples of controllers:

https://buildingcontrols.honeywell.com/literature/01-00074_WEBsN4_SystemArch.pdf

https://buildingcontrols.honeywell.com/literature/01-00074_WEBsN4_SystemArch.pdf
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• We looked at some examples of controllers:

https://new.siemens.com/global/en/products/buildings/automation/desigo.html

https://new.siemens.com/global/en/products/buildings/automation/desigo.html
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• Building management system (BMS) or known as BAS, 
BEMS, EMS, BACS

• Buildings entail different systems (not only mechanical):
q Lighting

q Shades

q Energy / Power

q Fire protection 

q Security 
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• Sequences of operation describe how the system shall 
function and are the designer’s primary method of 
communication to the control system programmer

• A sequence should be written for each system to be 
controlled

• In writing a sequence, care must be taken to describe all 
operational modes and to ensure that all I/O devices 
needed to implement the sequence are shown on the object 
list and drawings
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• Sequences of operation are intended to specify the 
functional result of the programming logic
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• Existing issues with the control configurations:
q It is mostly a manual based process

q It is important to make sure the process involves different 
stakeholders:

• HVAC system designer

• Control system designer

• Control system programmer and commissioner

• Facility operator and maintainer 
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• Common issues can be:
q Inaccurate or incomplete control sequences

q Lack of details in specifying the control sequences 

q Copy and paste previously written sequences

q Sequences contradicted with other supplementary drawings

q Mistakenly specifying the control sequences

q Programming error



Intro to Sequences of Operation
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• ASHRAE Guideline 13 “Specifying Direct Digital Control 
Systems” provides two methods of organizing control 
sequences by: 
q Operation mode

q Component

• In practice, both methods are used to organize control 
sequences and programming codes 
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• Most of the control sequences are:
q The organization of sequences could start with components

q Each major section of the systems can be organized by operation 
modes
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• Although there are efforts to introduce a standard language 
for the sequences of operations, no standard languages 
exist to specify the control sequences

• There is a need to define a standard format for each of the 
components and control modes

• Pseudocode are good example of the common practice at 
the moment
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• An example of using control sequence organized by 
component output value vs by operation model:

Chen dissertation, PSU 2015
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• Layout of control sequences and programming code from a 
template example in EquipmentBuilder for Educators:

Chen dissertation, PSU 2015
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• An example of the operation mode is as follow:
A General

1. The occupancy mode (occupied or unoccupied) shall be 
determined through a user-definable time schedule. 

B Occupied Mode

1. There shall be separate heating and cooling space temperature 
setpoints …  

2. Whenever the outside air temperature is less than 18.3°C (65°F) 

C Unoccupied Mode

1. Unoccupied OFF: The supply fan 

D Safety shutdowns

1. Duct smoke detection, and low temperature limit …..

2. The cooling valve shall open 50% when ever the low temperature 
limit is on

E Alarms

1. a. High zone temp: If the zone temperature is 2.8°C (5°F) greater 
than the cooling setpoint
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• An example of structuring by component includes
Run Conditions:

The unit shall run according to a user-definable time schedule in the following modes:
Occupied Mode: … 
Unoccupied Mode:  ….

Alarms shall be provided:
High Zone Temp ….

Cooling Coil Valve:

The cooling coil valve shall be enabled whenever:
….

….

…



CLASS ACTIVITY

35



Class Activity

36

• Form your groups 

• Let’s look at some existing SOO in a real building. Open file 
named “cae438_538_f21 lecture07 Sequences of Operation 
- Kaplan Building”

• Select three components/equipment and add them here:

• What are the pros and cons for each of these SOOs?

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6
e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=306213051

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• A 2018 version of ASHRAE Guideline aimed to determine 
high-performance sequences of operation for HVAC 
systems



ASHRAE Guideline 36
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• The 2018 version was mostly focused on the air side: 
q VAV terminal unit (cooling only)

q VAV terminal unit with reheat 

q Fan powered terminal unit (series/parallel, constant/variable 
speed fan)

q Dual duct terminal unit with inlet sensors

q Dual duct terminal unit with discharge sensor

q Multiple zone VAV air handling unit

q Dual fan dual duct heating VAV air handling unit 

q Single zone VAV air handling unit



ASHRAE Guideline 36
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• There have ongoing maintenance to add other 
components such as hydronic systems “Continuous 
Maintenance Protocol (CMP)” in the past three years



ASHRAE Guideline 36

41

• The 2021 version was just released:

https://www.ashrae.org/technical-resources/standards-and-guidelines

https://www.ashrae.org/technical-resources/standards-and-guidelines


ASHRAE Guideline 36
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• The 2021 version includes hydronic systems:
q Chilled water plant 

q Hot water plant 

q Fan coil unit 
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• Zone temperature set points are specified in different ways:
q In the zone equipment (e.g., variable air volume (VAV) boxes)

q In the air handling unit (AHU) equipment schedules

q In the zone based on the zone type
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• Zone ventilation set points are specified in different ways:
q ASHRAE 62.1 

q Title 24
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• Carbon dioxide set points are used for demand controlled
ventilation (DCV), monitoring, and alarming 

• The maximum set point are not completely clear 
especially in newer standards (Guideline 36 uses the 
older version of 62.1)
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• Critical zones are important to consider for both the zone 
temperature and ventilation requirements
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• Zone Group (assignments) include:
q Each zone served by a single-zone air handler 

q Rooms 

q Occupied 24/7, such as computer rooms, networking closets, 
mechanical, and electrical rooms served by the air handler

§ A Zone Group shall not span floors 

§ A Zone Group shall not exceed 25,000 ft2

§ If future occupancy patterns are known, a single Zone Group shall not 
include spaces belonging to more than one tenant 

§ A zone shall not be a member of more than one zone group 



Zone Temperature and Ventilation Set Points

50

• Various strategies are needed to specify the zone 
assignments: 
q Tabular

q Drawings 

q Schematic 

q In Building Automation System (BAS) specifications

q Other formats may be used if they convey the same information

AHU-1 AHU-2

VAV-1-1 VAV-1-15 VAV-2-1 VAV-2-12
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• Alarms should be reported with the following information: 
q Date and time of the alarm 

q Level of the alarm 

q Description of the alarm 

q Equipment tags for the units in alarm 

q Possible causes of the alarm if provided by the fault detection 
routines 

q The source for the equipment that is being served
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• There shall be 4 levels of alarm 
q Level 1: Life-safety message 

q Level 2: Critical equipment message 

q Level 3: Urgent message 

q Level 4: Normal message 
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MULTIPLE-ZONE VAV AIR-HANDLING UNIT 
WITH RETURN FAN AND MINIMUM OA 
MEASUREMENT STATION 
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Multi-zone VAV Air Handling Unit with Return Fan
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ASHRAE Guideline 36

• Multiple-zone VAV air-handling unit with return fan and 
minimum OA measurement station 
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• Form your groups and pick one system from ASHRAE 
Guideline 36

• Spend 30 to 45 minutes to complete the sections

• Present to the class

• Do you think the sequences of operation are based on the 
operation mode or components? Can we convert a few of 
them to the other format?

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e
9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=764140978

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit
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• Looking into existing building systems:

https://link.springer.com/article/10.1007/s12273-020-0677-3

https://link.springer.com/article/10.1007/s12273-020-0677-3
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• Consider different SOOs to maintain indoor air quality 
requirements in parking garages and save energy:

q Always-On: Fans operates at 100% of maximum speed during 
operating hours regardless of the CO concentration

q On-Off: The fan operates at 100% of maximum speed only when 
CO concentrations in any zone reach a threshold of 25 ppm

q Standardized Variable Flow (SVF): Fans operate at 50% of 
maximum speed until CO concentrations reach 25 ppm, at which 
point they increase to 100% of maximum speed

q Linear-DCV: Fan speed stays at a minimum of 25% of maximum 
speed until the average CO concentration in all zones reaches 10 
ppm, at which point the fan speed increases linearly until the 
average CO concentration reaches 35 ppm

https://link.springer.com/article/10.1007/s12273-020-0677-3

https://link.springer.com/article/10.1007/s12273-020-0677-3
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• The schematic of these SOOs for parking garages are:

https://link.springer.com/article/10.1007/s12273-020-0677-3

https://link.springer.com/article/10.1007/s12273-020-0677-3
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• The schematic of these SOOs for Kaplan Building Institue
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• The schematic of these SOOs for Kaplan Institute 
building:
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• The schematic of these SOOs for Kaplan Institute 
building:
q Always-Dark: ETFE actuators are always acting, which results in 

constant dark status regardless of the time of day, occupancy, or 
orientation of the space

q Always-Bright: ETFE actuators are never acting, which results in 
constant bright status. Similar to the Always-Dark strategy, the time 
of day, occupancy, and orientation of the spaces do not impact 
ETFE operation 

q Rule-Based: ETFE actuators act when the outdoor air temperature 
is above 15.6 C

q Optimal Control: ETFE actuators will act based on the optimal 
schedule derived from minimization of total daily heating, cooling, 
and lighting energy consumption
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• Another example is the 
design and control of 
high thermal mass 
radiant systems –
referred to as Thermally 
Activated Building 
Systems (TABS) 

https://escholarship.org/uc/item/0w62k5pq

https://escholarship.org/uc/item/0w62k5pq
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• Conduct surveys to identify the best practices:

https://escholarship.org/uc/item/0w62k5pq

https://escholarship.org/uc/item/0w62k5pq
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• Conduct surveys to identify the best practices:

https://escholarship.org/uc/item/0w62k5pq

https://escholarship.org/uc/item/0w62k5pq
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• Examples of SOO for a radiant cooling design and control:

https://escholarship.org/uc/item/0w62k5pq

https://escholarship.org/uc/item/0w62k5pq
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• Sequence of controls of chilled water plants:

https://www.taylor-engineering.com/wp-content/uploads/2020/04/EDR_DesignGuidelines_CoolToolsChilledWater.pdf

https://www.taylor-engineering.com/wp-content/uploads/2020/04/EDR_DesignGuidelines_CoolToolsChilledWater.pdf
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• Sequence of controls of chilled 
water plants:

https://www.taylor-engineering.com/wp-content/uploads/2020/04/EDR_DesignGuidelines_CoolToolsChilledWater.pdf

https://www.taylor-engineering.com/wp-content/uploads/2020/04/EDR_DesignGuidelines_CoolToolsChilledWater.pdf
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• SOO for VAV units:

https://www.govinfo.gov/content/pkg/GOVPUB-C13-386b4a80de7b30becf35a563468898e7/pdf/GOVPUB-C13-386b4a80de7b30becf35a563468898e7.pdf

https://www.govinfo.gov/content/pkg/GOVPUB-C13-386b4a80de7b30becf35a563468898e7/pdf/GOVPUB-C13-386b4a80de7b30becf35a563468898e7.pdf
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• Automated Logic (ALC) has a tool named “CtrlSpecBuilder” 
that uses:
q Control sequence

q System schematics

q Data points

q Alarms 



Specs writer Resources

77https://www.ctrlspecbuilder.com/ctrlspecbuilder/home.do

https://www.ctrlspecbuilder.com/ctrlspecbuilder/home.do
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• An example of structuring and building your components 
and sequences:

https://tranedesignassist.com/en/

https://tranedesignassist.com/en/
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• An example of structuring and building your components 
and sequences:

https://www.siemens-specwriter.com/login

https://www.siemens-specwriter.com/login
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• Form your groups

• Let’s look at some existing SOO in a real building. Open file 
name “cae438_538_f21 lecture07 Points List Kaplan AHU”

• Review the specs and connect the control mode with the
component SOOs:

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxX
T6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit#gid=306213051

https://docs.google.com/spreadsheets/d/1duxKfuy1kpYNJxXT6e9bHjVBBqUXnwBSBuR8Dkz4f7c/edit

