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Vision: The places where we live, work, learn, and play 
will be healthy and high performing.
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A COLLABORATIVE, NATIONALLY-RECOGNIZED, LOCALLY-
DRIVEN VOLUNTARY COMMUNITY OF BUILDINGS IN DOWNTOWN
PITTSBURGH AND OAKLAND THAT ARE WORKING TOWARDS
HIGH PERFORMANCE.

HIGH PERFORMANCE BUILDINGS HAVE PROVEN TRACK RECORDS: 
 BUSINESS AND PROPERTY PROFITABILITY
 ASSET VALUE INCREASES
 ENVIRONMENTAL IMPROVEMENTS
 OCCUPANT HEALTH

THE PITTSBURGH 2030 DISTRICT GOALS ARE INSPIRED BY THOSE SET
NATIONALLY BY ARCHITECTURE 2030 AND ITS 2030 CHALLENGE. 
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 ENERGY USE: A MINIMUM 10% REDUCTION BELOW
THE NATIONAL AVERAGE BY 2015, WITH INCREMENTAL TARGETS
REACHING A 50% REDUCTION BY 2030.

 WATER USE: A MINIMUM 10% REDUCTION BELOW THE DISTRICT AVERAGE
BY 2015, WITH INCREMENTAL TARGETS REACHING A 50% REDUCTION BY 2030.

 TRANSPORTATION CO2 EMISSIONS: A MINIMUM 10% REDUCTION
BELOW THE DISTRICT AVERAGE BY 2015, WITH INCREMENTAL TARGETS
REACHING A 50% REDUCTION BY 2030.

 INDOOR AIR QUALITY: TO BE DETERMINED LOCALLY.



EXISTING BUILDING TARGETS

Copyright © 2015, Green Building Alliance

Energy, Water, and Transportation Emissions Reduction
Energy, Water, and Transportation Emissions Reduction

2010 - 2014
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69% of the    .
Copyright © 2016, Green Building Alliance

68,210,816 ft2

438 properties
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Established Districts

1087 Buildings

311 Property Partners
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270 M
Square Feet
Committed
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Energy = ↓ 12.5%

Water = ↓ 10.3%

Transportation
Emissions = ↓ 24.2%

Indoor Air Quality = Pilot complete. 



MELISSA BILEC, PHD, LEED AP
ASSOCIATE PROFESSOR, DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

DEPUTY DIRECTOR, MASCARO CENTER FOR SUSTAINABLE INNOVATION
UNIVERSITY OF PITTSBURGH

BILL COLLINGE, PHD
POST-DOCTORAL ASSOCIATE, DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

HAROLD RICKENBACKER
GRADUATE STUDENT, DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

VACLAV HASIK
GRADUATE STUDENT, DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

16



17



We spend 90% of our time inside buildings.
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www.worldwatch-europe.org



The vision of this work is 
centered on answering 
the question: 
How can the 2030 district 
impact indoor air quality? 
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How much 
indoor 
pollution in the 
2030 district 
comes from 
outdoors?

 PITTSBURGH IS RANKED: 
 21ST FOR HIGH OZONE DAYS OUT OF 277 METROPOLITAN AREAS
 6TH FOR 24-HOUR PARTICLE POLLUTION OUT OF 277 METROPOLITAN

AREAS
 6TH FOR ANNUAL PARTICLE POLLUTION OUT OF 277 METROPOLITAN

AREAS
(STATE OF THE AIR 2014, AMERICAN LUNG ASSOCIATION)

http://www.stateoftheair.org/2014/msas/pittsburgh-new-castle-weirton-pa-oh-wv.html 20



Goals
• Establish baseline IAQ in 2030 District buildings
• Evaluate direct & indirect impacts of energy reductions 

on IAQ 
• Direct = changes to building characteristics (e.g. ventilation, 

materials) 
• Indirect = life-cycle energy impacts on regional outdoor air 

quality
• Develop goals and strategies for improvements in IAQ 

metrics
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 MULTIPLE VARIABLES
 BUILDING TYPES

 HVAC SYSTEMS

 SEASONAL IMPACTS

 MULTI-YEAR STUDY

 BUILDING USE

 PILOT BUILDINGS
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Presentation Notes
“Strategies to tackle wicked problems
 Wicked problems cannot be tackled by the traditional approach in which problems are defined, analysed and solved in sequential steps. The main reason for this is that there is no clear problem definition of wicked problems. In a paper published in 2000, Roberts identifies the following strategies to cope with wicked problems:[14]
Authoritative
These strategies seek to tame wicked problems by vesting the responsibility for solving the problems in the hands of a few people. The reduction in the number of stakeholders reduces problem complexity, as many competing points of view are eliminated at the start. The disadvantage is that authorities and experts charged with solving the problem may not have an appreciation of all the perspectives needed to tackle the problem.
Competitive
These strategies attempt to solve wicked problems by pitting opposing points of view against each other, requiring parties that hold these views to come up with their preferred solutions. The advantage of this approach is that different solutions can be weighed up against each other and the best one chosen. The disadvantage is that this adversarial approach creates a confrontational environment in which knowledge sharing is discouraged. Consequently, the parties involved may not have an incentive to come up with their best possible solution.
Collaborative
These strategies aim to engage all stakeholders in order to find the best possible solution for all stakeholders. Typically these approaches involve meetings in which issues and ideas are discussed and a common, agreed approach is formulated.”




 MODELED AFTER THE EPA’S BUILDING ASSESSMENT SURVEY
AND EVALUATION (BASE)

 STEP 1:BUILDING AND SITE VISIT

 STEP 2: SELECT STUDY AREA AND MONITORING LOCATION

 STEP 3: BUILDING CHARACTERIZATION AND SAMPLING

 STEP 4: DATA MANAGEMENT AND ANALYSIS

 STEP 5: ADMINISTER OCCUPANCY SURVEY?
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Current IAQ Testing Equipment 
and variables – with more coming

• Total VOC’s
• Carbon Dioxide
• Ozone
• Carbon Monoxide
• Temperature
• Relative Humidity

Particles
• 0.3 - 0.5 µm
• 0.5 – 1.0 µm
• 1.0 - 2.5 µm
• 2.5 – 10.0 µm
• > 10.0 µm

MCSI IAQ Cart
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Location descriptions
5-1, 5-3: Public works (PW) offices

5-4: PW File room with old exhaust fan
5-5: Architects’ office 

5-6: Plotter room
5-7: Payroll office

5-8: PW Copy room

5-3

5th FloorIndoor Testing Locations

HVAC System: Ducted forced-air cooling (multiple AHUs) with radiator heating. 
No direct outdoor air supply.

5-1

5-8

5-4

5-6
5-5

5-7
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Particulate Matter (10 & 2.5) 6th Floor

• Low PM in data center (6-1) – constant recirculation with good filtration
• Higher PM10 in Computer Services area (6-3, 6-4, 6-5) – convection units, carpet, 

ceiling fan use, and higher occupancy than other areas; little to no filtration
• Location 6-8 was drafty, and PM values were near outdoor levels, suggesting outside 

air infiltration
• Supply air (S) and return air (R) samples at the AHU tested had nearly identical levels
• “Nearest outdoor” is the closest outdoor sample in time, to the labeled indoor 

sample
• Averages
• Preliminary results
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Location (Date and time in parentheses)

PM 10 µg/m3 PM 2.5 µg/m3

Nearest outdoor PM2.5 Street Level Nearest outdoor PM2.5 Green Roof

Nearest outdoor PM2.5 East Roof Nearest outdoor PM10 Street Level

Nearest outdoor PM10 Green Roof Nearest outdoor PM10 East Roof
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Presenter
Presentation Notes
Regarding ASHRAE guidelines for indoor particulate matter PM2.5 and PM10: ASHRAE’s Standard 62, “Ventilation for Acceptable Indoor Air Quality” contains information relating to guidelines for both indoor and outdoor air quality set by others, in an informational table in Appendix B.  
 
The 2013 (newest) edition of Standard 62 referenced the EPA’s NAAQS criteria of 15 ug/m3 for PM2.5 and 50 ug/m3 of PM10 (annual mean concentrations) with a date of 2008. 

It appears that this was not updated during the 2013 ASHRAE revision to reflect the 2012 EPA revision of the PM2.5 annual standard to 12 ug/m3. 

Also, in 2006 the EPA eliminated the PM10 value of 50 ug/m3 as an annual standard in favor of keeping only the already existing 24-hour concentration of 150 ug/m3. So – the ASHRAE reference to the EPA standards is a bit dated.
 
I’m inclined to go forward showing both the ASHRAE-referenced 15 ug/m3  and the updated EPA NAAQS value of 12 ug/m3 as a basis for evaluating indoor air baselines. What do you think?



 MONITORING
 Inexpensive PM monitors are available, such as the Speck and Dylos units. Consider installing PM 

monitors, particularly in areas where high PM was identified. Medium to long term tracking of PM 
levels can provide feedback on maintenance measures such as cleaning and filtration.

 CLEANING
 It was noted that cleaning is infrequent, and some surfaces were notably dusty. More frequent cleaning 

could lead to lower levels of dust re-suspension (larger PM sizes) during occupant activities.
 Dust and sanitize furniture and floors regularly. Use low VOC emitting supplies. A list of green 

products are available on the EPA website under Environmental Preferable Purchasing (EPP). (See 
appendix)

 Carpeting should be cleaned using HEPA vacuums to avoid spreading fine dust particles which are not 
captured by conventional vacuums.

 AIR FILTRATION
 For spaces equipped with AHUs and convection units, use the best available filters and check regularly 

for filter cleanliness. For AHUs observed on the 5th and 6th floors, it may be possible to install MERV 
13 filters, which can significantly reduce PM down to 2.5 µm and below.

 If filters are cleaned and upgraded, consider running AHUs and convection units in “fan only” mode 
when heating or cooling is not required, or for AHUs in radiator areas, when cooling is not required.

 Change filters regularly, at least seasonally, with monthly changes if needed.
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But this is for one building!
Now what?

From Andrew Rush/PPG
28



COMPARING BUILDINGS
THE CHALLENGERS

THE INCUMBENT Building 2

2-story nonprofit
Living BuildingTM

2012

Building 3

6-story municipal
government

1931

Building 4

33-story office 
tower
1976

Building 5

9-story municipal
government

1917

3-story academic
LEED Gold

2009

Building 1

29
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How are the buildings doing on an individual basis?
Building 1 is MCSI, 2 is CSL, 3 is County offices, 4 is PNC, 5 is City-County




 EARLY FINDINGS – AGGREGATED PM
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 Smaller particles mainly from 

outdoors
 Larger particles from a mixture of 

indoor and outdoor sources
 A wide variety of filtration 

effectiveness exists between 
buildings, from very limited to 
MERV-14 (very good)

 It’s not just the filters in the HVAC, 
it’s also the envelope!
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Presentation Notes
On the first chart, the 6 sizes of particles we can count are shown on the x axis, and the y axis shows the particle number concentrations normalized to outdoors, in each category. 
The first three sizes make up PM2.5, and the next 2 sizes make up PM10.
Generally, the smallest particles have the highest concentrations outdoors, where the largest particles can be as high or higher indoors. But in the intermediate ranges, there is some indoor emissions.
On the second chart we are comparing several buildings with low or no mechanical filtration and leaky envelopes (green) with several buildings with better mechanical filtration and tighter envelopes (blue). The y axis is the fraction of particles in the mixed air stream remaining after filtration. 
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Showing the ratios of indoor to outdoor PM counts for the smallest side (0.3 to 0.5). Mostly from outdoor sources.

The values are normalized to the outdoor site for the AirCuity system at the Graduate School of Public Health.
Building 1 – This shows 8 days worth of data collected at a typical location in Building 1 – Bill’s desk at MCSI.

Building 2 (CSL) is similar to Building 1 when the mechanical ventilation system is on, but when windows open, air changes greatly increase and the indoor air becomes much more like the outdoor air.

I couldn’t get more animated text on this slide…putting the rest in the notes.

Building 3 (COB) has a higher indoor to outdoor ratio because it doesn’t have mechanical ventilation or filtration and relies on a leaky envelope to deliver outdoor air.

Building 4 (PNC) has a tight envelope and very good filtration, but a fairly low though acceptable ventilation rate.

Building 5 (CCB) is similar to Building 3.
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PM 1.0-2.5. From indoor and outdoor sources, the largest fraction of the mass inhaled by an exposed population.

These are the measured values, not normalized to outdoor. But plotted on a log scale. 

Building 1 – Same 8 days from Bill’s desk at MCSI. Daytime levels are actually slightly lower than at night, not quite sure why, but note the HVAC runs 24 hours.

Building 2 (CSL). Notable increase in the daytime due to HVAC startup, occupancy and sometimes natural ventilation.

Building 3 (COB) has a higher indoor to outdoor ratio because it doesn’t have mechanical ventilation or filtration and relies on a leaky envelope to deliver outdoor air. (Same as previous).

Building 4 (PNC) has a tight envelope and very good filtration as noted previously. However indoor sources are more prominent during occupied hours.

Building 5 (CCB) is similar to Building 3 (Same as previous).





OUR AIM (AT THIS POINT) IS TO
CREATE A COLLABORATIVE AND
QUANTITATIVE MODEL THAT
HELPS THE 2030 BUILDINGS AND
OCCUPANTS

33



412.648.8075



412.648.8075


	Pittsburgh 2030 District�driving building performance �and economic vitality
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	EXISTING BUILDING TARGETS
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	What is Happening with indoor air quality?
	Why?
	Slide Number 18
	Indoor air quality�& 2030 Districts
	Indoor air quality�& 2030 Districts
	Slide Number 21
	How do we even begin to tackle this study?
	How….Testing Protocol 
	Pilot Testing-HOW & WHAT 
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	BUILDING-SPECIFIC IAQ (PM)  Results
	So how are our buildings doing?
	Slide Number 31
	Slide Number 32
	Moving Forward
	Slide Number 34
	Slide Number 35

