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Presenter
Presentation Notes
Room survey – CxA, Architects, Engineers, Contractors, Owners

Per introduction – Been a contractor – Seen all kinds of sequences from engineers.  Learned how to interpret.

Been vendor & provided sequences.  Currently switching hats from controls to Cx & back







Learning Objectives

1. Gain an appreciation 
for the importance of a 
proper sequence of 
operation

2. Learn some of the 
obstacles to creating a 
good sequence of 
operation

3. Learn how the 
sequence can be 
passed on and 
understood by the 
building operators.

AIA Quality Assurance



Controls on the Project?
Critical Questions:

•
 

Does the owner have specific requirements for Facilities 
operation that have been communicated to the Engineer? 

•
 

Can the engineer effectively communicate how the 
equipment is to operate for purposes of bidding?

•
 

Can the contractor determine from the sequence the 
hardware required?

•
 

Can the hardware be programmed based upon the 
sequence?

•
 

Can the Functional Performance Tests be extrapolated 
from the sequence?

•
 

Can the Owner’s staff understand the automatic controls 
well enough to allow them to operate as intended and not 
intentionally or inadvertently change the sequence?

Presenter
Presentation Notes
Challenge: Develop & Implement a Sequence of Operation for major building systems

Problem- Lack of knowledge, from formal education, proprietary nature of DDC controls-

DDC controls are a “black box” for a lot of design engineers.

HVAC engineers need controls education – topic for another conference

Lack of knowledge contributes to a disconnect between design concept and the end result

So – Critical questions

Does the owner have specific requirements for Facilities operation that have been communicated to the Engineer? 

Can the engineer effectively communicate how the equipment is to operate for purposes of bidding?

Can the contractor determine from the sequence the hardware required?

Can the hardware be programmed based upon the sequence?

Can the Functional Performance Tests be extrapolated from the sequence?

Can the Owner’s staff understand the automatic controls well enough to allow them to operate as intended and not intentionally or inadvertently change the sequence?





Control Sequence of Operation

Definition:
•

 
A narrative description of how the building 
system components shall automatically and 
optimally operate to provide comfort, 
ventilation, and energy savings.

Presenter
Presentation Notes
Before we go much further a definition:

– perhaps it Put Simply – how should the building work



Sequence of Operation

Presenter
Presentation Notes
 this concept of “how should the building work” exists in some form from the OPR all the way through the end of the project



Owner’s Project Requirements (OPR)

Documents the functional requirements of 
the facility and expectations of its use and 
operation.
•

 
Occupancy

•
 

Use of the Facility
•

 
Energy Performance

•
 

Environmental Performance
•

 
Thermal Comfort

•
 

Indoor Air Quality
•

 
Quality of Materials and Equipment 

Presenter
Presentation Notes
Some questions asked in development of the OPR pertain to starting to develop the SOP – How should it work?

Q - expected hours of operation of the facility (in a general sense)?

A – Some space unoccupied overnight –flexibility in ventilation, mechanical cooling capacity.  Define modes of operation for the different uses of the zones.

Q-  knowledge level and/or expertise of Operators?  Store manager, janitor, or a trained maintenance person?

A - Not knowledgeable - operators have some adjustment of set points, but should be limited to a “range”.  More sophisticated, allow “manual override modes” for special operating conditions (routine maintenance, summer session floor waxing in a school) – with indication that the system is not in full automatic mode &may not be performing to optimal efficiency.

Q - Tenants/users of building have interaction with the Control system: after-hours overrides, local adjustment of space temperature set points, or lighting controls?

A - Leased space – owner want to bill for after-hours HVAC/lighting?  How much adjustment (+/- degrees) users given locally?

Q - Critical environmental requirements – museum exhibit, healthcare, laboratory, clean room?

A – Moving to BOD/hardware specification realms, also dictates modes of operation of a mechanical system.  Eg museum space no night purge

Q - Owner requires emergency and/or redundant operation of Electrical/HVAC systems?

A - Failsafe or Fall-back dictates additional complexity





Basis of Design (BOD)

A narrative of what the design professional 
has developed to respond to and meet the 
Owner’s Project Requirements.  The BOD 
will be qualified with assumptions and 
criteria used.



Increasing Detail

OPR Concept
•

 

The Owner has a site and wishes to use 
district chilled water for cooling purposes, as 
the cost is lower than on-site generation.  
They do have some critical cooling needs, 
though, and would like some type of back-up 
if the district chilled water fails.

BOD Detail
•

 

The engineer suggests that a primary/ 
secondary system be installed, with a 
modulating valve on the Chilled water return 
to the district.  The return water to the district 
will be monitored to maintain a 10 degree F 
temperature difference from the supply. Under 
low load conditions, the primary return water 
valve will modulate to bypass the water back 
into the secondary system (circulated by 
secondary CHW pumps), maintaining the 10 
degree differential.  The district supply will be 
monitored for flow and for high temperature.  
If there is a loss of flow and/or the supply 
temperature rises too high, the building 
system will isolate from the district water and 
energize the on-site mechanical cooling in 
series in the secondary system.  The Building 
Automation System (BAS) will disable all non-

 

critical cooling loads by closing their cooling 
valves, as the on-site capacity is only 
designed for the loads of critical areas.  The 
BAS will automatically check for the return of 
district chilled water by opening the isolation 
valve for 5 minutes every hour to 5% of full 
flow to see if temperature or flow conditions 
can be met.

Presenter
Presentation Notes
We see the increase in detail – not exact equipment selection – but building on OPR  - a continuum



Obstacles to Good Sequence

Not Enough Fee
Not Enough Knowledge
Schedule (compressed)
Sequence left to other 
team members
No OPR or BOD for the 
job –

 
LEED EA Prereq 1 

only (no Enhanced Cx)

Presenter
Presentation Notes
Traditionally, controls represented in the contract documents via controls specs, points list, schematics – “cartoons” – all these components don’t make it all the time – even more necessity for a good SOP.



Two most common results of poor SOP generation:



SOP with Lack of Detail

•
 

AHU-1-1 will run 
during occupied hours.  
The gas heat and 
mechanical cooling will 
be modulated, as 
necessary to maintain 
the space temperature 
set points.

•
 

What are the occupied 
hours?  What will the 
unit do outside of 
those hours?  How 
does the unit transition 
from occupied to 
unoccupied and back?  
The mechanical unit 
schedule notes that 
the unit comes with an 
airside economizer –

 how should this be 
controlled?

Presenter
Presentation Notes
Not Sufficient for bidding and installation – any question  or ambiguity becomes an exclusion or the contractor puts it in the way they want to – might not be the designer’s intent.



Sequence as Published

2.When the Outdoor Air enthalpy is 
greater than the supply air enthalpy set 
point, the outdoor air damper(s) shall 
be set for 100% outdoor air 
3.When the Outdoor Air temperature is 
less than the supply air temperature set 
point , the outdoor air damper, exhaust 
air damper, and return air damper will 
modulate, as appropriate, between the 
adjustable minimum position and full 
open to maintain the Discharge Air 
Temperature that will meet the room 
thermostat demand.
4.When the return air enthalpy is less 
than the outside air enthalpy the 
exhaust air damper, return air damper, 
outside air damper shall be positioned 
to the minimum outside air position. 

1.

 

The economizer shall be enabled whenever:
•

 

The outside air enthalpy is less than the return air 
enthalpy, measured downstream of the return fan.

•

 

AND the fan status is on.

hsa

 

< hoa < hra

hoa > hra

hoa < hsa

Toa

 

<Tsa Toa

 

>Tsa

Presenter
Presentation Notes
More detail – but gaps and overlap.

Boiler plate Sequence generation method:  Template spec with pre-written sequences that cover typical applications or offer designer a menu of options to choose from/delete to generate project-specific SOP. 

If the designer is rushed or not knowledgeable – unexecutable SOPs go out with the Bid Docs



Example – from a pick-and-choose Template Spec:  I decided to use the Psych chart to illustrate







Sequence as Published

2.

 

When the Outdoor Air enthalpy is 
greater than the supply air enthalpy 
set point, the outdoor air damper(s) 
shall be set for 100% outdoor air 

3.

 

When the Outdoor Air temperature 
is less than the supply air 
temperature set point , the outdoor 
air damper, exhaust air damper, 
and return air damper will 
modulate, as appropriate, between 
the adjustable minimum position 
and full open to maintain the 
Discharge Air Temperature that will 
meet the room thermostat demand.

4.

 

When the return air enthalpy is less 
than the outside air enthalpy the 
exhaust air damper, return air 
damper, outside air damper shall 
be positioned to the minimum 
outside air position. 

1.

 

The economizer shall be enabled whenever:
•

 

The outside air enthalpy is less than the return 
air enthalpy, measured downstream of the return 
fan.

•

 

AND the fan status is on.

A

B
C                      

D

Presenter
Presentation Notes
Great example of thinking like a programmer – using “what if” to backcheck the sequence

For every positive expression of a control action or mode, there should be the indication of the control desred during the negative of that action or mode – fill all the gaps & erase conflicts within the sequence.



Suggested Sequence Correction
2.

 

When the Outdoor Air enthalpy is 
greater than the supply air enthalpy 
set point, AND the Outside air 
temperature is greater than the supply 
air temperature set point (D), the 
outdoor air damper(s) shall be set for 
100% outdoor air.

3.

 

When the Outdoor Air temperature is 
less than the supply air temperature 
set point OR the Outdoor air enthalpy 
is less than the Supply air enthalpy set 
point (A,B & C) the outdoor air 
damper, exhaust air damper, and 
return air damper will modulate, as 
appropriate, between the adjustable 
minimum position and full open to 
maintain the Discharge Air 
Temperature that will meet the room 
thermostat demand.

4.

 

When the return air enthalpy is less 
than the outside air enthalpy the 
exhaust air damper, return air damper, 
outside air damper shall be positioned 
to the minimum outside air position. 

1.

 

The economizer shall be enabled whenever:
•

 

The outside air enthalpy is less than the return 
air enthalpy, measured downstream of the return 
fan.

•

 

AND the fan status is on.

A

B
C                      

D



Final Sequence
1.

 

The economizer shall be enabled whenever:
a.

 

The outside air dry-bulb temperature is less than the return air 
dry-bulb temperature

b.

 

AND the fan status is on.
2.

 

When the outside air dew point is less than the return air dew point 
by an adjustable dead band (3 deg F), the outdoor air damper(s) 
shall be set for 100% outdoor air 

3.

 

When the Outdoor Air temperature is less than the supply air 
temperature set point the outdoor air damper, exhaust air damper, 
and return air damper will modulate, as appropriate, between the

 adjustable minimum position and full open to maintain the Discharge 
Air Temperature that will meet the room thermostat demand.

4.

 

When the return air dew point is greater than the outdoor air dew 
point OR the outdoor air temperature is greater than the return air 
temperature the exhaust air damper, return air damper and outside 
air damper shall be positioned to the minimum outside air position.

Presenter
Presentation Notes
On this particular project, the investigation into the economizer sequence prompted further discussion with the Owner about their space condition requirements (should have been on the OPR) – it turned out that the space had humidity requirements, and that the sequence as amended would potentially add moisture to the space unless the outdoor and return dewpoint were compared – so to be thourough:



Final Sequence – continued
5.

 

The economizer shall close to 0% (outside air and exhaust dampers shall 
be closed and return air damper shall be open) whenever:
a.

 

Supply fan or return fan is off
b.

 

OR mixed air temperature is less than 40°F (1).
c.

 

OR on loss of fan status.
d.

 

OR the Discharge Air Temperature Sensor has failed
e.

 

OR the AHU is in the Morning Warm-up or Cool-down mode
6.

 

The Outdoor Air Damper

 

shall be set to its adjustable minimum position if 
the Economizer function is disabled. Maintain minimum outside air by 
modulating the outside air damper to maintain a pre-measured static 
pressure differential, measured immediately at the discharge of outside air 
damper, and with reference to outdoors.

7.

 

Alarms shall be provided as follows:
a.

 

High Mixed Air Temp: If the mixed air temperature is 5°F greater than 
set point.

b.

 

Low Mixed Air Temp: If the mixed air temperature is 5°F less than set 
point.

c.

 

High or low supply air temperature



Final Sequence

Psychometric Chart

Presenter
Presentation Notes
One more psych chart before we move on.



Text Presentation

1.Boiler Operation
A.

 

The boiler plant shall be 
enabled to run whenever:
a.

 

The boiler plant is 
scheduled on and a 
definable number of 
hot water coils need 
heating,

b.

 

OR the outside air is 
below 60 degrees F 
and any zone is in the 
heating or warm-up 
mode as indicated by

Presenter
Presentation Notes
The most common method of sequence presentation is by numbered text list or outline.

done with proper use of conditionals (if.. Greater/less than…then)

 and logical operators (called conjunctions in English and/or/not…etc)

Can be very effective – breaks down the sequence into small chunks

 risk comes in keeping track of all the chunks and how they interact with each other 



BLRSYS = 
OFF

N

Increment “on”

 

timer

Graphical Presentation

Oat> 
60

Oat< 
36

Valve 
>= 1

Sched

 
On

Valve 
> N

BLRSYS = 
ON

N

Y

Y

Y

Y Y

N

N

N N

Check “off”

 

timer > 1 min

Increment “on”

 

timer

Safeties

?

?

? ?
Check “on”

 

timer > 1 min

Presenter
Presentation Notes
Alternative method – used by many controls software makers to simplify their programming – Graphical Presentation

Programming class in college – Fortran, Basic, C+?

Flow Charts – the designer represents control operations with input parameters, operation blocks, decision trees, output actions.

Advantages – Clarity & instant visual feedback for errors

Disadvantage – Hard to create and modify for subsequent projects – also not very compact.



Interaction with other documents

Control 
Schematic

Points 
List

Presenter
Presentation Notes
Typical control package in bid docs – Control Specs (including the SOP), Control Schematics, Points List.  Each has a different function that uniquely contributes to the communication of the Design intent to the contractor

Control Schematics – WHERE – how do control components relate physically

Points List and Control Specs – WHAT – Detailed info about discrete control hardware & software objects – I/O, Analog & Binary.  Specs have more detailed performance requirements of Hardware plus contractual responsibilities of the contractor.

Sequence – Comes back to HOW – Actions, reactions, cause & effect of sensors and devices.  Details modes of operation.



SOP alone cannot hope to completely define the control scope on a project alone – neither can other two.

It can fill in some gaps in the other components, if the contractor reads carefully and “fills in” to provide the functionality of the SOP.

 SOP is usually the weakest because it requires most effort and diligence to get right.



Industry Standard Controls
Differential Pressure Control of Pump Speed

•

 

Fixed DP setpoint is established during system balancing to 
provide full system flow.

•

 

One or two VFDs modulate the speed to maintain the DP 
setpoint during operation.

VFD

VFD

DPT

FROM 
CHILLER

TO 
SYSTEM

AIBOBIAO BOBIAO

Presenter
Presentation Notes
High Performance – push for more efficient building operations – present unique challenges.  Lets look at an example:



High Performance Controls

Valve Orifice Area Control of Pump Speed
•

 

Fractional valve opening is calculated by raising the fractional

 valve actuator position to the 2.7 power 

•

 

Multiply the fractional valve opening by the valve’s full flow.
•

 

Sum the flows to 
create a system 
flow requirement

•

 

Compare to the 
full system flow to 
send a fractional 
speed 
requirement to the 
pump drive

Presenter
Presentation Notes
How many are aware of this type of control? – how many have implemented it?  Something New – not business as usual



Industry Standard vs. High-Performance

Things to look for:
•

 
The “usual”

 
Sequence Troubles

•
 

Equipment / Integrated Controls
•

 
“Contractor Inertia”

Presenter
Presentation Notes
Sequences suffer from problems above

Control & equipment manufacturers have been building “industry standard” into the hardware to reduce installation set-up time – plug & play mentality.

Contractors libraries – cut & paste is the most efficient – might try to submit & install



The Submittal game

Submit Usual sequence

 rejected, revise and resubmit

Submit SOP copied word-for-word from the Spec – (is it correct, is this really how the field will program? – Controls PM’s sometimes are not the technicians)







Controls Integration Meetings

Purpose:
•

 
“to review the intended programming and 
controls installation against the designers’

 sequence of operation and the BOD/OPR to 
have absolute clarity before too much effort 
and cost is expended in the field.”

Presenter
Presentation Notes
The contractor should be prepared to share some preliminary programming or flow charts/decision trees – however they lay out the controls for their particular hardware/software.  If the Designer’s sequence is not understood, this is the time for the contractor to ask questions.  If the contractor is echoing the designer’s sequence while thinking of inserting some boiler-plate programming, this should become quickly apparent.  The time to resolve these issues is before the Functional Testing, and certainly before Occupancy.





Functional Testing

Last Line of Defense
•

 
If the CIM didn’t catch it…

•
 

Keep Schedule from overriding Quality
•

 
All modes of operation are tested.

•
 

The “Most Expert”
 

team is available for 
troubleshooting.

Presenter
Presentation Notes
 - FPT can correct breakdowns in SOP transmission, by generating issues for resolution.

 - Job pressure at the close – “everyone else is late” – no excuse for inadequate controls installation – we’ve all done this before & it happens on every job.

Testing the heating in the middle of summer – Hotel example

Building shakeout while all the people with the most knowledge about the building to that point are still actively involved in the project.



Project Turnover

Preserving “Intellectual Capital”
•

 
Written Documentation –

 
O & M, As Builts, 

TAB Reports, Cx Final Report.
•

 
Operator Training
○Multiple Short Sessions
○Education Tracks
○Hands-On Training
○What-if Training
○Learning to use the tools

Presenter
Presentation Notes
-Intellectual Capital –  Like the physical capital  - from OPR to BOD –construction docs to Controls Programming – considerable brain power is invested in the successful completion of the building

 - each building is unique – unlike most other manufactured products (cars, etc – can get trained on trouble shooting).

-The manufacturing team is “nomadic” and “transient” – unlike product manufacturer – you can’t go “back to the factory” for help in getting your building fixed.

-It is almost impossible to re-capture the knowledge level on-site once the project team has moved on.

-CxA has primary responsibility of “capturing the knowledge” & preserving the intellectual capital investment.

Training:

-Have multiple shorter sessions spaced apart in time – complex systems and inexperienced staffs require more time for absorption of new information.  No one is served well by the all-day marathon – the students won’t retain it.

-Consider multiple tracks of education for larger staffs:  “Basic operations” for janitors, security, etc, and an “advanced” class for the more adept.

-Make it as hands-on as possible – the instructor should not be using the interface, have the operators use the mouse & keyboard, adjust set points and answer alarms, etc.

-Create some “what-ifs” for the operators and then coach them as they learn to use the control system adjust set points, schedules, and modes of operation.

-Don’t just sit in front of the screen – walk to the mechanical room & “fail” a pump – watch what happens in the mechanical room.  Go back to the OWS and evaluate: the system is calling for the pump, but it has no status.  Verify the alarm and acknowledge or silence it.  Do some “troubleshooting” if possible from the OWS.  If not, note the number of the pump, walk to the mechanical room and “fix” the pump.  Note any automatic resets of equipment.  Back at the OWS, perform any software resets and log the incident.  Watch for return to normal operation.

 - Tools: no instant mastery, & need practice to keep skill level up & progressing.



The Systems Manual

Consider the goal –
•

 
Technical manual vs. Owner’s manual
○Distill the technical details into easy-access for 

day-to-day operations & maintenance.
○Simplify the language
○Remove “trade language”
○Consider the expected reader

Presenter
Presentation Notes
Car example – Is there an Operator’s manual in the Glove compartment?  More than enough technical info on how to operate the vehicle.

  Manufacturer has detailed knowledge on how to construct & service the car.  Compiled into a technical manual which is available to service providers.

When we furnish O&M, As-builts, atrt-up sheets, TAB reports, RFI Logs, Issues logs,  - what kind of manual are we providing?



Sequence of Operation
How Does it Work?

•Efficiency
•Persistence
•Performance

Presenter
Presentation Notes
 SOP plays a critical role from the beginning to occupation & beyond in communicating “how does (should) the building work”?  Building a strong foundational SOP early in the process, clarifying & referring back to it along the way, following through in transmittal to operations staff positively impacts the efficiency, persistence, and performance of the controlled building systems.



AIA Quality Assurance

Portland Energy Conservation, Inc is a registered provider with The 
American Institute of Architects Continuing Education Systems.  Credit 
earned on completion of this program will be reported to CES Records 
for AIA members.  Certificates of Completion for non-AIA members are 
available on request.

This program is registered with the AIA/CES for continuing 
professional education.  As such, it does not include content that may 
be deemed or construed to be an approval or endorsement by the AIA 
of any material of construction or any method or manner of handling, 
using, distributing, or dealing in any material or product.  Questions 
related to specific materials, methods, and services will be addressed 
at the conclusion of this presentation.



Thank You

Bernie Keister

Guttmann & Blaevoet

bkeister@gb-eng.com

916-921-1956

San Francisco
Sacramento
Santa Rosa

mailto:bkeister@gb-eng.com


Pump Curve for DP control
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