Fun With Monitoring - Using Data to Solve
Problems From Design Through Occupancy
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Why Bother?

Measure the performance of a building or system

Solve a problem — identify cause(s)

Identify a problem heretofore unnoticed

Demonstrate the cause of a problem to a skeptic

Determine proper inputs for design

Understand cause and effect

Learn something! Curiosity is its “You can observe
own reward © a lot by watching.”
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Types of Monitoring

* Long term, leave in place
* Short term, solve a problem
* Instantaneous, measure one data point
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Onset Computer

Onset Computer Hobos

Old style multi-channel with 2
external channels and internal T, RH
Multi-channel with 4 external
channels, LCD, more data storage
50A current transformer (CT)

50 ft indoor/outdoor temperature
sensor

These older units require a laptop and a
cable to launch and read out — newer
ones are Bluetooth. More money gets
WIFI capability.
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Hoboware

Launch Logger

HOBO UX120-006M 4 Channel Analog

N Name: [JEIEY
% Serial Number: 10865560

Status... Deployment Number: 19

Battery Level: | £ 100 %

Sensors

Configure Sensors to Log:

TMCx~-HD (-40F to +212F) Outdoor temp

CTx-A (0-20 Amp AC) Boiler burner LCD units: AMP

7 Filters...
CTx-A (0-20 Amp AC) <Enter label here> LCD units: AMP

CTx-B(0-50 Amp AC) <Enter label here> LCD units: AMP

Deployment
Logging Interval: = 30 seconds [T

Logging Mode: Fixed Interval o
Logging Duration: 179.2 days

Start Logging: = On Date/Time & 02/22/22 v 04:00:00PM

v

Stop Logging: @) When memory fills Never (wrap when full)
Push Button

After

Options: Turn LCD off

Skip launch window next time Cancel M
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Digital Multi-meter

* Instantaneous measurement, although
logging ones are available
 Amps, AC voltage, DC voltage, Ohms
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Digital Thermocouple

* This one has two channels
* Thermocouple is slender, reacts quickly

328"
he aceuracy specification does not include
typaT tharmocouple probe aceuracy
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Kill-A-Watt

For 120 VAC loads

Plug into receptacle, plug device into it
Available in logging version to aggregate
kWh usage as well as wattage drawn

| KILLAWATT ™ EZ

e

00000

\MENU  UP  DOWN RESET  SET /
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CO2 Sensor

Use with a Hobo logger

Onset has dedicated sensor/loggers
Self-calibrating — I put it outdoors
periodically to check

TELAIRE
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* Hourly readings
* Download via Bluetooth to phone
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Omnisense

Web-accessible monitoring
Temperature, RH, dewpoint,
C02 ’ mOiSture Content, e o o 00 Wireless Gateways Wireless Sensors DriFi™ Monitoring Accessories Monitoring Service Distributors

Help

Home / Wireless Sensors

Categories Wireless Sensors

Wireless Gateways
Sortby  Position Display 25 per page
DriFi™ Monitoring
Accessories
Monitoring Service

Distributors

Popular tags

datalogging gateway Humidity
Moisture Meter

omnisense cellular gateway wifi 3G
gsm

omnisense cellular gateway wifi nb-iot Ite
cat-m1

From $50.41
Temperature From $50.41

From $59.95
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Summary for time-period shown in graph

Energy Used

147 kWh

Energy Generated 97.8 kWh

Net

49.0 kWh bought

(approx. $35.24 used)
(approx. $23.48 saved)
(approx. $11.77 spent)

Circuit by Circuit Monitors

2/15/2022 3:57pm - 2/22/2022 3:57pm

Summary over last 30 days

Energy Used

Energy Generated 189 kWh
Net 104 kWh bought

293 kWh (approx. $70.25 used)
(approx. $45.27 saved)

(approx. $24.98 spent)

16 (Wed)

17 (Thu)

12pm 18 (Fri)

19 (Sat)

12pm

20 (Sun) 21 (Mon) 12pm 22 (Tue)

" Power used

Energy from grid

~ Power generated Energy to grid

[J="= L1 Voltage pos.ineg

[J="= L2 Voltage pos./neg

0O===

L3 Voltage pos.neg

[J=:="pv genluse

[J="= pv+genJuse

[ == Heat Pump gen.luse

==Z=ZEV Charger gen.fuse

[J= = "HPWH gen./use

[J== ERV gen.use

[J="+"=well gen.luse

===~Range gen./use [[)=:=""Refrigerator gen Juse

[J="= Freezer gen.juse

] = "= North Bedrooms gen./use

=== =Kitchen outlets S gen./use

[J == Kitchen outiets N gen.fuse

[J="= Main Service Net gen Juse

[CJ="= Plugs Lights Appliances gen.fuse

=ZZ27 loads gen.use [ Toggle allinone
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Calibration

* Can the instrument be calibrated to a known standard?
* Can sensors of the same type be calibrated to each other?
* Is each measurement critical or can the results be averaged?

Two Radon Eye Monitors Side by Side, pCi/L

Maximum difference was 33%;
overall difference was 1.4%
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Accuracy vs. Precision

* Accuracy of a set of measurements is how close they are to the true value
* Precision of a set of measurements is how close they are to each other (repeatable)

* How accurate do the measurements need to be to be useful?
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Accuracy — Use One Sensor?

* Example — measure the temperature rise across a ducted heat pump.
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Case #1

Measure the performance of a building or a system
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Heat Pump COP @ -7°F

Temperature rise across the air handler = 39.8 °F
Flow rate 368 CFM (Duct Blaster measurement)
Input power 2.09 kW

39.8 x368 x 1.08 /3,412 BTU/kWh =4.64 kW

COP =4.64/2.09 =2.22

How much energy goes to the
basement?

Average AT across the supply
registers and the return grille
was 35.4 °F
(39.8-35.4)/39.8=11%

Each measurement — temperature,
power, flow rate - has potential B L
error, so total uncertainty of the "
result is increased

AL PR
= Sgrtind] V8
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Case #2

Measure the performance of a building or a system
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The Case of the VRF Heat Pumps

N et

enter

9,600 sf daycare c
R-27 slab, R-30 walls, R-50 roof, R-6 windows, R-2.5 skylights, 0.04 CFM75/ssf

Two 10 ton heat recovery VRF air-air heat pumps, 18 indoor units
Seven ERVs totalling 2,400 CFM, CO2 demand control
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VRF Heat Pumps

ECC Energy by End Use, kWh/year

24159

34996

1815

@Heat pump outdoor units B Heat pump indoor units DO Heat pump water heaters ODuct heaters on ERV systems

BERVs BDechumidifiers @ Recirculation pumps @Lights, plug loads, appliances

Site EUI 7.42 kWh/st/yr (25 kBTU/sf/yr)
HP EUI 3.84 kWh/st/yr
Summer months are the highest usage
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One Cold Cloudy, Unoccupied Day

Outdoors 20°F, indoors 70°F
ERVs off

324 kWh total building use
276 kWh HP use

Calculated net load 15 kW
HPs 11.4 kW

COP+/-1.3

Uncorrected COP Data 1s 2.58

e  Minute data
e  One unit turns on and off
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Case #3

Identify and solve a problem
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The Case of the High Hot Water Energy

10,000 sf dorm — 4 faculty
apartments, 10 double dorm
rooms — 28 occupants

240 sf drainback SDHW system
—two 120 gallon solar storage
tanks with 120 gallon electric
back-up

Monitoring showed that back-up [
electric energy was higher than |
expected, while DHW usage
was in line with modeled usage
Installed Hobo dataloggers with
current transformers on the solar
array pump and on the potable
side pump, as well as on the
heating elements in the back-up
tank
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The Case of the High Hot Water Energy

Pump on
9:30 AM

Pump on
8:00 PM - 8:00 AM

1l

Bement solar side pump

State On

|

State Off

I

T T T T T T
12:00:00 AM

T
12:00:00 AM
0/10 12:56:25.276 AM CMT-04:00

“w
£ 0.8
0.6
0.4 4

0.2 4

|-~ Bement_DHW,_solar_water_side_pump.hobo

Bement DHW, solar water side pump

I’T”—hr

eI\ e e it

T T T
12:00:00 AM
05/27/10 11:19:09.089 PM GMT-04:00

T T T T
12:00:00 PM

T T T T T
12:00:00 AM

T T T T ? T T T T T T T T
12:00:00 PM 12:00:00 AM
05/30/10 12:31:13.835 AM GMT-04:00

The pumps were running at night — controller was faulty.
These are not lunar hot water systems
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Case #4

Identify and solve a problem
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The Case of the High Average Energy Use

226,500 sf university building =
Excellent peak load performance (1,100 sf/ton) = e
Annual energy performance less stellar ’ Mt
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The Case of the High Average Energy Use

Data both peak and usage was available
Peak electrical use was 1.75 W/sf

* Lighting 0.55 W/sf

* Plug loads 0.28 W/sf

* Other 0.92 W/sf (NB: 178,400 sf underground parking garage,

commercial kitchen)

Average electrical load was 1.15 W/st — 66% of peak — seemed high
I asked MIT to look for something that was running all the time
Kitchen hood was 6,000 CFM but variable speed based on cooking intensity
Speed control uses an electric eye across the hood to sense opacity of exhaust
(smoke), ramping up the exhaust fans as opacity increases
Investigation showed that the hood was running at full speed 24/7
Further investigation showed that fire suppression system piping blocked the
electric eye, sending the false signal that exhaust opacity was always maximum
MIT Director of Engineering estimated energy use impact as an additional
annually
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Case #5

Demonstrate the cause of a problem to a skeptic
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The Case of the Moldy Theater

270 seat black box theater in coastal MA — 3 year old building
Mold on seats and stage curtain
RH over 80% in cooling season
Facilities staff working with design ME were stymied
10,000 CFM constant volume air handler with 4 stages of compressor
modulation available
Outdoor air was set to a maximum of 2,850 CFM and a minimum of 540 CFM
with no energy recovery.
To avoid over-cooling, the compressors are controlled by space temperature, so
as the cooling load decreases, coil temperature and the discharge air
temperature of the air rises. Dehumidification capacity falls off rapidly.
Peak dehumidification load from occupants and ventilation air was 10-13 tons.
Equipment dehumidification capacity was 3.8 tons.
An Omnisense datalogging system was installed with the following points:
Theater air near floor
Theater air high
Outdoor air
Mixed air (return air/outdoor air) into the air handler coil
Discharge air from the air handler Marc Rosenbaum, PE - Encrgysmiths — West Tisbury, MA




The Case of the Moldy Theater
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The Case of the Moldy Theater
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The Case of the Moldy Theater

Actual grains/pound moisture
t FA the past ten days

24 grains/pound moisture loading
at the Dehumidification Design
Condition

103 grains/pound moisture loading
at the Cooling Design Condition

7/20/2020 12:00 AM  7/22/2020 12:00 AM  7/24/2020 12:00 AM  7/26/2020 12:00 AM  7/28/2020 12:00 AM  7/30/2020 12:00 AM

Design for Dehumidification moisture load of outdoor air 1s 20% higher

than the Cooling Design moisture load. Peak moisture load observed was
19% higher than Design for Dehumidification load, and 44% higher than
Cooling Design load.
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Case #6

Demonstrate the cause of a problem to a skeptic
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The Case of the Hot Basement

2,400 sf House, oil furnace, three zones with motorized zone dampers
L[]

* —e
FIREFLACE

Bedroom 1
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The Case of the Hot Basement

8" CLEAN BANC
CNER, € ML Pl

——

MOTORIZED ZONE DAMPERS

=

SUPPLY TRUNKS
RETURN TRUNKS

RELIEF DAMPER
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The Case of the Hot Basement

LLLLLLLLLL

These are the ONLY returns in the house — the returns in the bedroom wing
stair risers shown on the plan ARE NOT THERE
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The Case of the Hot Basement

LTI §

(——-h-'ﬂ.ll%;rp‘.:"uw:v il ‘
r L

The gravity relief damper opens when zone dampers are closed, because the

furnace has a constant flow fan and the air must go somewhere
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The Case of the Hot Basement

FEE S22
p - Ana
i i

Individual T/RH loggers in the main living space zone and outdoors, and a
multi-channel logger with temperature sensors in each crawl space and the
basement, as well as a current transformer on the oil burner to track burner

run time
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The Case of the Hot Basement

One 24 hour period - outdoor temp drops to 2°F

Bedroom wing zone thermostats are never satisfied due to inadequate
CFM, so those zone dampers are open continuously

Basement reaches because most of the supply air comes out the
relief damper — main living space damper is always closed

Main living space 1s always warm enough — heated by the unintentional
radiant floor © - slight warming due to solar gain 10 AM — 4 PM
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Case #7

Determine proper inputs for design
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The Case of the (Imaginary) Internal Gains

* Existing 22,000 sf lab building with planned 30,000 sf addition

 HVAC engineer’s calculated cooling load for the addition was —
which works out to 38W/sf, much of which was modeled as lab internal gains

« 2 years’ worth of 15 minute electricity data for the existing facility showed a
peak draw of 323 kW, or /5W/sf— this includes chiller energy and exhaust fan
energy (two large users that don’t contribute to internal gains)

» (Careful examination of the electricity data outside of the cooling season led to
the engineer accepting that internal gains likely were between 5 and 7 W/sf

* The revised cooling load was under

M* o il e f lW | UMJ i il N M
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Case #8

Understand cause and effect
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The Case of the Varying Radon Levels

I’ve been trying to understand what causes the radon level in my

basement to vary so much. I have correlated it with AP between indoors
and outdoors, outdoor temperature, and now barometric pressure. I get
hourly barometric pressure from the Web, and measure radon with the

RadonEye. The low pressure events are storms, so the cause may be rain
soaking the ground rather than barometric pressure itself.

Radon vs. Barometric Pressure

W/NW/W /\ MM\»MWM ‘/\ M M/\M/W/L\

Pressure 1s plotted as (Barometric Pressure — 1013 millibars)
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Case #9

Understand cause and effect
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The Case of The Mystery CO2
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The Case of The Mystery CO2
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The Case of The Mystery CO2

New 9,600 sf Early Childhood Center on Martha’s Vineyard
Demand controlled ventilation with Renewaire ERV's based on CO2
Mitsubishi VRF ASHPs with heat recovery for heating and cooling
Ducted UltraAire dehumidifiers for separate humidity control

ERVs are enabled 5 am — 10 pm

Dehumidifiers are enabled 10 pm — 5 am and use the same duct work
eGauge monitoring system

Watching the building as it was occupied in late Fall, we noticed that CO2 was

rising in the rooms on some nights when the ERVs were off and there were no
people in the building

We put a Telaire CO2 sensor and a Hobo logger in place, first in a mechanical
attic to see if the CO2 was offgassing from open cell foam
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The Case of The Mystery CO2

1400.00 B CO222

Il CO230

. B SPTERV3

1000.00
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The Case of The Mystery CO2
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The Case of The Mystery CO2

Marc Rosenbaum, PE — Energysmiths — West Tisbury, MA




The Case of The Mystery CO2
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The Case of The Mystery CO2

Radon pC/1

Barometric Pressure, millibars x -1

/19/22 0:00

-1030.0
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