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ASHRAE Guideline 36

High performance sequence
of operations for HVAC systems
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= Benefits
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« VAV Terminal Units and AHU

= General Control Logic

= Alarms, Alarm Management, and Faults
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ASHRAE Guideline 36: Purpose and Scope

Purpose: The purpose of this guideline is to provide uniform sequences of operation
for (HVAC) systems that are intended to maximize energy efficiency and performance,
provide control stability, and allow for real-time fault detection and diagnostics.

Scope:

1. This guideline provides . This guideline describes functional
detailed sequences of operation tests that, when performed, will
for HVAC systems. confirm implementation of the

sequences of operation. (Future)




G36-2018 focuses
on Air-side HVAC
systems

VAV Terminal Units: single
duct, dual duct, and fan
powered

VAV AHUs: single zone vav
and multi-zone vav

ASHRAE Guideline 36: Simplified Summary

General Logic

Thermal Zone
Ventilation Zone

Control Logic

Addenda
Water side HVAC equipment:

CHW Distribution, Chiller
Configuration, Chiller Types,
Pump Configurations, WSE,
& Heat Rejection

HW Distribution, Boiler
Types, & Pump
Configurations



https://www.ashrae.org/technical-resources/standards-and-guidelines
https://www.ashrae.org/technical-resources/standards-and-guidelines/standards-addenda/addenda-to-guideline-36-2018

ASHRAE Guideline 36: Generic Thermal Zone Logic

Temperature setpoints

= Every zone has occupied
and unoccupied setpoints

Every zone has separate
heating and cooling
setpoints

= Setback of 1 degree
with occ sensor

= Extreme setback with
window switch (40/120)

Zone groups
Zones operate under the

same AHU and schedule

AHU can have multiple zone
groups

Zone group modes

Mode determines setpoints
and ventilation

= Occupied, warm-up,
cooldown, setback,
freeze protect setback,
setup, unoccupied

= Highest zone mode sets
mode for zone group




ASHRAE Guideline 36:
Ventilation Zone Logic

Minimum Outdoor Air
Calculate zone min OA based on 62.1
Voz = (Vbz-A* + Vbz-P*)/Ez
Ez =1.0 Cooling and 0.8 Heating

Vcool-max

1 Vizp

Vbz-A — Area outdoor air rates

Vmin*
Vbz-P — Occupant outdoor air rates
Vizp*
Vmin = 0% when CO2@ SP-200 ppm
Vmin = 100% when CO2@ SP Vmin

Calculate Zone Min Primary Airflow
Vpz-min = Voz if AHU is 100% OA 0% 50% 100%
. . CO; Control Loop
Vpz-min = 1.5*Voz if AHU <100% OA

A\ 4

Zone OA and primary airflow sent to AHU
Time Averaged Ventilation




ASHRAE
Guideline 36: VAV
Terminal Units

Zone Group mode
sets the active
min and max

Cooling

flow setpoints maximum \V/cool-max V/cool-max Vcool-max
Different heating Cewllig Vmin 0 0 0 0 0
; minimum
and cooling max
Minimum Vmin 0 0 0 0 0
Heating min/max
non-zero in I-!egtlng ng (that- Vheat-min 0 Vheat-max Vheat-max 0
minimum min, Vmin)
Cooldown
Heating Max (Vheat- Vheat-max 0 Vcool-max Vcool-max 0

Warmup/Setback maximum  max, Vmin)
use Vheat-max for
Heating minimum




ASHRAE Guideline 36:
VAV Terminal Units

Lower fan energy Cooling Maximum
Airflow

Lower heating energy

Reduces stratification Max
DAT
Meets 90.1/T24 Heating Discharge Air
Max Temperature

Airflow / Setpoint

Cooling Active Airflow

Heating Minimum Setpoint, Vspt
Minimum .
. Minimum
. DAT = AHU SAT
Heating Loop Signal Deadband Cooling Loop Signal

F s

k J




ASHRAE Guideline 36:
Multi-Zone AHU

Equipment Configuration

= OA Damper
. Common Damper
Separate Dedicated Damper

Relief Dampers w/o Fans
Relief Fans

Return Fans

Building Pressure Control Options
= Building Static Control
= Airflow Tracking (RF Option Only)

100%

Damper/valve Position, % open

<
S

MaxOA-P
 MaRAP N\
R Ai / Y Economizer
egrn Ir \\ Outdoor Air
amper \ Damper Position
Position \

\ Return Air

\\ Damper Position

\
) \
Economizer v

Outdoor Air \\
Damper \
Position \

Heating Coil

MinOA-P

\ \

Cooling Coil

A 4

Supply Air Temperature Control Loop Signal



ASHRAE Guideline 36:
General Control Logic

Trim and respond:

Static pressure SP reset
SP trimmed at fixed rate
Zones generate requests

SP responds to requests
Minimizes fan energy
Easier to tune than PID
Responds quickly

Easy to exclude rogue zones

[ R =6 > SPrcs=37 Pa (0157 |

[ #R < 1 - setpoim fals | { #R < #1 = scipoint falls sicadily

12:18 1224 12:30 1236

% IGNORED REQUESTS = . ———

12:42

12:48

1254

1300




ASHRAE Guideline 36:
Alarms and Alarm Suppression

= Four Alarm Levels
Level 1: Life Safety Message
Level 2: Critical Equipment Message
Level 3: Urgent Message
Level 4: Normal Message

Hierarchical Alarm Suppression

= |If upstream “source” is in alarm, then
downstream “load” alarm is suppressed

= Source and loads relationships are separate
for heating, cooling, and airflow

= Upstream equipment passes a SystemOK to
downstream devices




ASHRAE Guideline 36:
Automatic Fault Detection
and Diagnostics

Detects AHU faults based
on BAS inputs and outputs
from NIST research

Operating state (OS) of AHU
based on heating, cooling,
and economizer.

Heating
Operating state valve

position
#1 Heating >0
#2 Free cooling, modulating OA =0

#3 Mechanical + economizer
cooling

#4 Mechanical cooling, min OA =0

#5 Unknown or dehumidification

Cooling Outdoor air
valve damper
position position
=0 = min
~ 0 Min < X <
100%
>0 = 100%
>0 = min

No other OS applies



ASHRAE Guideline 36:

Automatic Fault Detection
and Diagnostics

= 15 possible faults conditions SAT,c < SATSP - €gur
(FC) depend on Operating
state (OS) of AHU

Equation and
HC = 99%

= Minimize false alarms
(sensor error, rolling ave,
suspend during OS change) SAT sensor error

DA SAT too low in full heating

Cooling coil valve leaking or stuck open

Heating coil valve stuck closed
or actuator failure

Fouled or undersized heating coll

HW temperature too low
or HW unavailable

Gas or electric heat is unavailable
DX cooling is stuck on

Leaking or stuck economizer
damper or actuator

Possible
Diagnosis




ASHRAE Guideline 36: Benefits

- Benefits to Engineers
= Reduced design engineering time.
= G36 under continuous monitoring

= Benefits to Owners
= Reduced energy consumption
= Improved indoor air quality

= Reduced energy consumption and reduced system down-
time with the inclusion of FDD.

= Benefits to Controls Contractor

= Reduced programming and commissioning time for
contractors.

= Reduced errors and misinterpretations of sequence of
operations

vl
/)
7




ASHRAE Guideline 36: How will it get
Specified?

Building owners
Request ASHRAE Guideline 36 be used.

Engineers

Need to include it in their specifications
1) Cut and paste into their specs
2) Specify by section number

3) General statement that control sequences
implemented with ASHRAE Guideline 36




.| FX ASHRAE Guideline 36 Deliverables

Rate This Aricle (Average Rating: No Rating)

] ]
™ Title  FX ASHRAE Guideline 36 Deliverables

Article Type  Resource/Download

. URLName  FX-ASHRAE-Guideline-36-Deliverables
av I a o r summary  ASHRAE Guideline 36 Files
- CCT Modules & CAF files

- Sequence of Operation
- Implementation Instructions

Folders
0 G36 5.5 VAV Terminal Unit—Cooling Only 33
0 G36 5.6 VAV Terminal Unit with Reheat 34
0 G36 5.7 Parallel Fan-Powered Terminal Unit—CV Fan 35
0 G36 5.8 Parallel Fan-Powered Terminal Unit—VV Fan 36
0 G36 5.9 Series Fan-Powered Terminal Unit—CV Fan 37
0 G36 5.10 Series Fan-Powerad Terminal Unit—VV Fan 38
- = 0 G36 5.11 DD VAV Snap Acting Dual Sensor 39

= 15 sample applications

0 G36 5.12 DD VAV Mixing Contrel Dual Sensor 41

0 G36 5.13 DD VAV Mixing Contrel Single Sensor 42
0 G36 5.14 DD VAV Cold Deck Minimum 43
0 G36 5.16 MZ AHU Split-Range BSP Control & Min OAD 44
0 G36 5.16 MZ AHU Staged BSP Ctrl & Single OAD 45
0 G36 5.17 Dual-Fan Dual-Duct Heating AHU 46 o}
= G36 5.16 Single Zone VAV AHU Fle dit View Sign Window Help

- CUS l II l I I u eS Created By ~ Yehia Kamel W ® 8 Q [©] = h MO =BT BZaD

)
Johnson ) X(‘

Last Modified Date  1/26/2021 9:09 AM

Last Modified By ~ Yehia Kamel

« 213 pages of instructions

Summary  ASHRAE Guideline 36 Files: SECUENCE OF OPERATION

Implementation Instructions for Guideline 36

Betwean the sexupisd hasting (EFFHTG-G7) and soeling (EFFGLG-SP) satpaints (inside of the bisz), tha
sir damper (DPR-0) willbe at the minimum CFM (SA-F) and thera will be na mechanics! hesting. On a riss

r ) D 12 s e o (S il ey cn g 3 5l fo et Uik th zone femparsturs 21
- Implementation Instructions -

- CCT Modules & CAF files =) ~See Guiseina 352018 o more dets on Sesuencaof peratons
- Sequence of Operation i —PDA occurED toDE:

& primary ir damper (DPR-2) will inereas

=n) T (A v b 70 el esbrg O o op i £ a1 ot e

i (L1757 1 eneat o i A o Ao 1 a3 At e T

Fol de_l—s - discharge sir tempersture setpoint wil be reset =5 the zone temperaturs (ZN-T) changes. The primsry sir dsmper
: ORRe i conate s proves 8 e IS (201

0 G36 5.5 VAV Terminal Unit—Cooling Only 33 BN UNGCCURIED MoDE

2 G36 5.6 VAV Terminal Unit with Reheat 34 T e T T e S
0 G36 5.7 Parallel Fan-Powered Terminal Unit—CV Fan 35 o e Lt et el L el b B Cl et

O G36 5.8 Parallel Fan-Powered Terminal Unit—V'V Fan 36 e aa s e s v ar e () s s DAL it e gt
O G36 5.9 Series Fan-Powered Terminal Unit—CV Fan 37

O G36 5.10 Series Fan-Fowered Terminal Unit—VV Fan 38

D G36 5.11 DD VAV Snap Acting Dual Sensor 39

0 G36 5.11 DD VAV Snap Acting Single Sensor 40
0 G36 5.12 DD VAV Mixing Control Dual Sensor 41
0 G36 5.13 DD VAV Mixing Control Single Sensor 42
O G36 5.14 DD VAV Cold Deck Minimum 43 Controllogie Tor VAV reniea! zone

D G36 5.16 MZ AHU Split-Range BSP Control & Min OAD 44
O G36 5.16 MZ AHU Staged BSP Ctrl & Single OAD 45

2 G36 5.17 Dual-Fan Dual-Duct Heating AHU 46

D G36 5.18 Single Zone VAV AHU — T

UNITENABLE:
A network unit ensble (UNITEN-MODE) signsl il control the mode of the box

NETWORK WARMUP-GOOLDOWN:

Wrm-up and Cooliown modes will be Sctivated by 3 network sommand (WC-C). Wihen the zone tempersture

(ZN-T) i bielow the effzctive hasting satpoint (EFFHTG-SP), the rehaat cail wil be modulated to maintain the zans
Is satisfiad the

minimum pesition unil the warm command hes been ramaved

DAT = AHUSAT

) I I —————E=e
S e WO S8 Controls



https://www.hvacnavigator.com/articles/Resource_Download/FX-ASHRAE-Guideline-36-Deliverables/?popup=true

Reduce Cost and Errors

Writing, Programming, and
Commissioning

Reduce Misinterpretations of
sequence of operations

Pretested Algorithms

ASHRAE Guideline 36: Conclusion

Meet Current Standards

Energy — ASHRAE 90.1 and
Title 24

Ventilation — ASHRAE 62.1
and Title 24

Comfort — ASHRAE 55

Improve Reliability and
Operation

Hierarchical Alarms

AFDD




Thank you!
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