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A Southwestern Pennsy

MISSION initiative to reduce the impact of
exterior pollution in indoor spaces.
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ROCIS LCMP
LOW COST MONITORING
PROJECT
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Low Cost Monitoring Project (LCMP)
Objectives

1) Learn how low-cost air monitors empower occupants

2) Examine the impacts of outdoor pollution on indoor air

3) Explore interventions to improve indoor air quality



Making the Invisible Visible

Dylos 1700 Optical Particle Counter:
# Particles per 1/100 ft3, 1 min. resolution

2 Size ranges:
>0. 5+ emn(TOhy lead g

o OOSO = O
> 25+ EM ( Df}'/ |J. ) & g e (\) Dzliquualitymonitor
Cost: $300 - 400; 1 week data storage -

3 Dylos / Site

U Outside, Inside (living area) Roamer (usually bedroom)

.5 um - Small Count Reading

I I 3000 = VERY
NOTE: Scale at right is from _* B e

300-1050 = FAIR
manufacturer; not health based 150-300 = GooD
75-150 = VERY GoOD
0-75 = EXCELLENT

Dylos 1700 http://www.dylosproducts.com/dc1700.html|

—
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Pi tt s b uirQualiy & Pdor

People Most at Risk in the U.S.
From Year-Round Particle Pollution (Annual PM, ;)

i 8th worst city* & worst city east of the Rockies)
i Allegheny County (Pittsburgh) is 13" worst

1. Pittsburgh-New Castle-Weirton (PA-WV-OH)

SOURCE: American Lung Association State of the Air Report 2017
http://www.lung.org/assets/documents/healthy-air/state-of-the-air/state-of-the-air-2017.pdf
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Particles & PNz

HUMAN HAIR Combustion pamdes ?org:mc

50-70um
g hll, < 2.5um (microns) in dameter

OUTDOOR BLACK CARBON
S50nNmto 1 pum

FINE BEACH SAND
Image courtesy of the U.S_ EPA

PM,,: Particulate matter less than 10 um in diameter

PM, .. Particulate matter less than 2.5 pm in diameter

C ROCIS LCMP Dylos: PM, s+: Particulate matter is greater than 0.5 pm
in diameter (1/100 of human hair!)




Small particle count
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Indoor Median & Distribution
(Dylos Total 0.5+ um)

15-minute avg.

More than 10 to 1 difference!
Median: ~2/3 Fair; ~1/3 Good

V Poor >300(

Excellent <75
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| niim ‘ BRI Poor
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50% of observations are within each vertical box

Log Scale
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Outdoor Median & Distribution

(Dylos Total - 0.5+ um)

15-minute avg.

~1, Poor: Y2 Fair

Log Scale

50% of observations are within each vertical box
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ROCIS AIR HANDLER
INQUIRY
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ROCIS High MERV Filter i
Air Handler Inquiry

We observed that running an air handler continuously
with a high MERV filter substantially dropped particle
counts.

But, our question w

Is there an easy way to determine if | can use a high MERV
filter with a longer air handler run-time without causing
problems (energy $, equipment durability, performance)?
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ROCIS High MERV Filter i
Air Handler Inquiry

We observed that running an air handler continuously

with a high MERV filter substantially dropped particle
counts.

But , our question w

Is there an easy way to determine if | can use a high MERV
filter with a longer air handler run-time without causing
problems (energy $, equipment durability, performance)?

NO !!

Diagnostic Screen is Required
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ROCIS Air Handler Inquiry: Context

SW Pennsylvania typical housing stock
ABasements

AMostly gas heat; central AC (oversized)
ASheet metal ducts in basement
ASupplies & returns to each room

Implications are different w/ attic or crawlspace
ducts & homes with central returns
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Big Issues with 24/7 High MERV Filter

AAIr handler (AHU) energy use can be high due to
500 to 1,500 watt-draw

A High cost of running air handler continuously
(360 kWh to 1080 kWh/month = ~$500 to $1500/year?)

AWrong blower speed
A Seldom set in field
A Often defaults to high speed, not low, in continuous mode

A Higher energy cost, less effective filtration
ADuctwork issues introduce additional problems

A Static pressure too high

A Duct leaks (energy waste & pressure-related problems)
1 $0.12/kWh
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ROCIS Air Handler Inquiry

Purpose:

i Explore feasibility of using air handler w/ high MERYV filer
to reduce particle counts

0 1-minute resolution particle counts for 3+ weeks (0.5+
microns, 2.5+ microns)

0 Gain experience w interventions & impact

http://rocis.org/air-handler-inquiry
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Filter/AHU Inquiry: Approach

ADeveloped diagnostic protocol
AOver 40+ air handler systems tested to date

AEvaluate opportunity for MERV 13 plus 2417
operation ,

Next up:
ARhett Major, The Energy Doctor

A Description of the diagnostic visit & intervention




RhettMajor
TheEnergyDoctor
www.energydoc.info
TheEnergyDoctor@Comcast.net



We want cleaner air, but can our systems
take the extra restrictions presented by the filter?

Mé KATIK a9wz+ TFTAf GdSNRE




Total External Static Pressure

A TESP- AKA- External Static Pressure

A Combined highest Positive and Negative
pressure External to the air handler created by
the total resistance in the entire furnace/ AC/
duct system.

A The greater the TESP, the less the airflow.



Test Holes

Greatest Positive

Pressure
Greatest Negative
Pressure

Drill test holes very carefully!
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Heating Performance worksheet

Air Handler/ furnace
Rated Input BTU Qutput BTU
Temperature Rise range

1) Drill test holes - 3/8” (carefully located to avoid drilling into components) Check filter for
cleanliness - replace if dirty

2) Start up furnace system - set to 85° - Measure spillage stop time seconds
Allow system to run for 5 - 10 minutes - remember to open interior doors after spillage test.
As the system warms up, take static pressure measurements - IWC or Pascals

a. Before filter
b. After filter
c. Before coil
d. After coil

(Return system)

3) Allowable TESP - from manufacturers nameplate (IWC x 250 = pascals)
Measured TESP = Absolute value of [bl + [cl.

High TESP pressures indicate many possible problems - isolate where the restrictions are:

4) Ideal Return pressure - 20% of TESP Measured return pressure is = a.

| record the static pressure measurements here,

& start doing the calculations




INNWC.JPOCE] 32-33] 13-18] 050-0685

KPa 080-095 |032-042 |0 125-0 1682
Rfrtﬁo NSTALLATION MANUAL
RESPECTE

| S0ES

Every furnace or air handler has the maximum static pressur

on the manufacturers label.
| transfer this number to my static pressure test sheets.




Air Handler/ furnace Trane TUD120R9V5HG 2 Stage
Rated Input BTU 120,000, 78,000
Output BTU 95,000, 62,400

Temperature Rise range 35° - 65°
Filter - Carrier Electronic air cleaner

1) Static pressures: AC speed Lo Heating speed High speed constant speed
a. Before fiter -44 Before filter -39  Before filter 48 Before filter -31
b. After filter -68 After fiter -60  After fiter -81 After filter 49
c. Before coll _+188 Before coll +182  Before coll +189 Before coll +137
d. After coll _+46 After coll _+43 After coll _+50 After coll _+35
e. Wattage 630 wattage _500 wattage 610 wattage 400
f.CFM 1100 CFM 870 CFM NM CFM 740

3) Allowable TE
ured TESP 256 242 . 186 __
High TESP pressures indicate many possible problems - isolate’where the restrictions are:

4) |deal Return pressure - 20% of TESP =25
Measured return pressure 44 - - 48 =31 _

High values indicate return restrictions, lower values indicate duct leaks or low fan speed

5) Ideal max filter pressure drop = 20% x TESP 5 __
Pressure drop across Filter 24 21 13__ 18

High value indicates problems: Clogged or restrictive of filter - decreases airflow capacity

High Static pressure values indicate problems



Measuring Watt Draw

A Clamp-on style Current Sensors (CT)
A Converts to Wattage

A Wireless monitor display






The wireless monitor shows the instantaneous
wattage draw for the fan.

(This wattage is high, as it's capturing electric backup heat also.)



