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A Anomalies & Buildings

A BAS anomalies
A Control and operation anomalies
A Labelling anomalies

A Energy use anomalies
A Buildings
A Plants

A Why are these anomalies so prevalent in buildings?

A What is our role as researchers to address these
challenges?
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A Abnormalities are deviations from
what is standard, normal, or
expected

A Deviations of interest to the analyst
aenot your boring noise

. gettyimages A Anomalies are rare events in many

i) George Kavanagh

engineering fields, except in
buildings
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178 May 4, 2017 May 31, 2018
191 Oorl Feb11, 2018 May 31, 2018
37 0 to Nov 16, 2017 Aug 31, 2018
damper position 10 100%  Mar 16, 2018 Aug 31, 2018
72 ppm Feb 10, 2018 May 31, 2018
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Over 60% of the AHU fans scheduled to
operate at night both in summer and winter.
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10 to 90t percentile range for the mean weekday
temperature setpoints in 16 buildings.
Solid-lines represent the median of the data records.
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10t to 90" percentile range for the mean weekday CO, concentrations
in 16 buildings. Solid-lines represent the median of the data records.
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10t to 90" percentile range for the mean weekday supply air
temperature setpoint concentrations in 16 buildings. Solid -lines
represent the median of the data records.
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Weekday AHU start time
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Up to 20% reduction in

27 m x 27 m floor; 33% window-to-wall ratio; Adiabatic floor & ceiling

9 VAVs & | AHU; Maximum 0.05 person/m”

500 L/s maximum and 100 L/s minimum airflow rate per VAV

NECB 2015 lighting & plug load profiles for office buildings

Differential dry-bulb air economizer when outdoor temperature is above 10°C
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=©— HVAC energy use (constant ventilation)
«© -+ HVAC energy use (occupancy-based ventilation)
r—— C02>1000 ppm (constant ventilation)

VA C02>1000 ppm (occupancy-based ventilation)

—&— PPD (constant ventilation)
=@ == PPD (occupancy-based ventilation)
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Faulty radiator
valve is fixed
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Temperature (°C
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Reheat coil valve -------
""""""""" Radiator valve
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Reheat coil valve
Radiator valve
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Iinterval data

from Jan 1, 2018 to Dec 31, &y Indoor temperature (aC)
2018 at 60 -min timesteps

(189 without Indoor temperature setpoint ( aC)
perimeter heaters Airflow rate (L/s)

and 58 with Airflow setpoint (L/s)

perimeter heaters) Perimeter heater state (%)
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Interval data Actuator data

at 60-min timesteps

(o] IV I 2l 0 VAR (e JNIVI s RC{0 M0k Outdoor temperature 1C)

Return air temperature°C)
Return air humidity (%)
Supply air temperature°C)
Supply air pressure (Pa)

Outdoor air damper position (%)
Return air damper position (%)

Heat recovery wheel state (%)
Heating coil state (%)

Cooling coil state (%)

Humidifier state (%)

Supply fan state (%)

Fraction of perimeter heaters on (%)
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Tra=22°C

f_0.12 — Tra=22% e g5 7% Reduction in recirculated air temperature

can be an indication of the leaking outdoor
dampers

Sdp,ra=100%

_ 40 Tsa=18°C
T°a—‘4(> E Shrw=0% o |o > @ P A

Sdp,0a=0% *’ Sf=63%

v v
Shc=0% Scc=0% Sh=2%

Free cooling with over 50% of the radiators

Tra=22°C
f=0.25 — a5 % Srad=58% running
Sdp,ra=6% Suspicious rise in the outdoor temperature
o T =17°C
Toa=-1 > Shrw=0% o [0 > @ D i
Sdp,0a=95% ! ‘ ! ):(4 SF=72%
Shc=0% Scc=0%  Sh=100%
f=0.14 Jra=22 £ % Srad=59% Suspicious rise in the outdoor temperature
el rac 1% A Leaking heating coil
A Leaking return air damper
o = Tsa=17°C
Toa=6 C> Shrw=0% o [0 > @ D beaiispa
Sdp,0a=95% |} B sf=72%

v
Shc=0% Scc=0%  Sh=0%
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Before the seasonal switchover to cooling,
chillers are not running

High temperature rise is suspiciocsnfirming
concerns about leaking heating coil valve

Active cooling + economizer

Active cooling at minimum damper position
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\W— AVG_RMT CO (421500.CO11)

100 % Auto

Input Source
Input Value
Setpoint Source

Setpoint Value

COV Minimum Increment 1 %

Configuration

Name |AVG_RMT_CO |
Input (@ AVG_RMT_AV |
Setpoint |Q AVG_RMT_SP_AV |
Dutput = |
Priority 11

COV Minimum Increment | 1 %

Applications / HVAC MAccess Lighting

Tuning Properties

Controller Type
Action

Deadband
Proportional Band
Integral Rate
Bias

Reset Band

Direct # Reverse
R
<
%  minu

output %

100_

...... .
so .o S
: 5 5 . 5
S — ]
RE Sp RE
pE DB DB PE
20,5 229339 230 339 233355
< DB (0.0) =
<----- RB (1.0) ----->
e PB (5.0) e
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If QTY_SWT_TNCREASE DEMAND > 1@ Then
colder = @

Else
colder = ( (QTY_DEMAND COLD, @, 14)) / 2
End If
f/ SAT reset (between 13-28C):
cat_desired = (AVG_RMT_CO, ®, 8, 20 - colder, 188, 28)

f/ Against sudden SAT _SP change:
DaoEvery 5M
If SAT_SP < sat_desired Then

SAT SP = (SAT_SP + @.1, 13, 20)
ElseIf GSAT _SP > sat_desired Then
SAT SP = (SAT SP - @.1, 13, 20)
End If
End Do

When average zone temperature exceeds average zone temperature setpoint, the spa

needs cooling.
Try doing so when outdoor temperature is cold enough (free cooling / economizer)

CALCULATION_PG (421500.PG13 ) You need to economize only when averac

room temperature is considerably higher
[AVG—RMT—SP—A vg_FRL_SP countel 24]_' than the average room temperature

These two characters will likely result in
substantial amount of savings
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