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Current Work at LBNL

Building America Program - a DOE/National Lab/Industry

Partnership
Buildin m
AMERICA

U.S. Department of Energy

®

On-line high performance home resources at:
buildingamerica.gov

BA Solutions Center has contracting documents &
specifications, installation guidance, codes and labeling
program info, training videos, etc.

basc.pnnl.gov

Also supported by California Energy Commission, EPA, &
HUD
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Building America Education

 ENERGY.GOV
Office of Energy Efficiency & Renewable Energy

SERVICES EFFICIENCY RENEWABLES TRANSPORTATION ABOUT US

Energy'gov/eere/bUIIdlng- BUILDING SCIENCE EDUCATION

science-education s o0 Dot o ey 008

About Building America program recognizes that the
education of future design/construction industry
professionals in solid building science principles
is critical to widespread development of high

Emerging Technologies

Residential Buildings

Solar Decathlon performance homes that are energy efficient,
Building America healthy, and durable.
Research
In November 2012, DOE met with leaders in the
Innovations o R )
. ool building science community to develop a Students study moisture building enclosure
esearch Tools strategic Building Science Education issues at the Coquitiam Field Test facility in
Bullding Science Roadmap that will chart a path for training Vancouver, British Columbia. Credit: John
Education . .
skilled professionals who apply proven Straube
Climate-Specific innovations and recognize the value of high
Guidance

performance homes. The roadmap aims to:
Solution Center

Partnerships + Increase awareness of high performance home benefits
Meetings « Build a solid infrastructure for delivering building science education
Newsletter » Conduct the DOE Zero Energy Ready Home Student Design Competition that

complements DOE's Solar Decathlon building competition and emphasizes practical, high
performance homes that can be implemented by the home building industry.

Publications
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Building America Education

“Race to Zero” Student design
competition
* Inspire and develop the next generation of building

science professionals. ))):RACE TO

» Advance and enhance building science curriculum Z E R O
in universities.

. DEPARTMENT OF EMERGY

* Complement the experiential learning benefits
provided by the U.S. Department of Energy Solar
Decathlon through an additional collegiate
competition opportunity
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Why Is IAQ important?

Good IAQ an essential part of a high performance home

Higher performance homes have less air leakage for energy
reduction — needs to be balanced against dilution and removal
of pollutants

Current work health focused — odor and moisture still
important

Research Issues: New Industry Skills:
Determine the hazards and their Ability to identify the hazards
health impacts and discuss health impacts
Find optimum solutions for Understand how to optimize
health vs. energy health vs. energy

Develop codes and standards for Understand and follow codes

N\ £

N\ £

N\ £

industry and standards
Create new technologies and .| Understand and use new
develop best practices | technologies & best practices

= ‘. AT
rrrrrrrrr
’\lH ENVIRONMENTAL ENERGY TECHNOLOGIES DIVISION
BERKELEY LAB




Indoor Hazards: Biological agents
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Indo
or Hazards: Chemi
Icals
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Indoor Hazards: Combustio



Presenter
Presentation Notes
Huge number of pollutants – we live in a soup.  Almost impossible to catalog.


What are the most important contaminants?

7 We live in a complex
soup of many agents

1 Combine health
effects and exposure
to get Disability
Adjusted Life Years:
DALYs

Top 3:

DALYs Lost (per year per 100,000 people)

@® |ND Approach
W |D Approach

O Based on Literature Reported

Disease Incidence Rates

1. PM2.5
2. Formaldehyde
3. NO,

formaldehyde™y
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More Ventilation Is not always better

Outdoor pollutants (e.g. ozone, PM, ) pose a serious health risk

e Certain times of day elevated
levels of pollutants in outdoor
air

e |f outside air worse than indoor
air negative energy & health
benefit

e Shelter in place for rare
outdoor air events — gas well
blow out, chemical factory
explosion, etc.
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Houses getting tighter

LBNL Air Leakage Database Building America (N = 1363)
> 120,000 air leakage tests S- Median = 4
Mechanical ventilation § &
becoming more important 8- I II
as homes get tighter for o  -mAHRRERER I"F - -
energy reduction and o 2 4 ACGHS[] 8 10 12
comfort S Other Sources (N = 25345)
=8 Median = 5.5

2012 |IECC requires <3 § :—
ACH50 S
R2000 requires <1.5 ACH50 o
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Future
Savings

Existing
Savings

Business-as-Usual

2009 2012 2020

Graphic from Sam Rashkin/Eric Werling, DOE

1994 1998 2004
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Presenter
Presentation Notes
Energy crises of the 70s….lead to emergence of building energy codes.  But they were fairly flat for many years until about 2006 when very aggressive bumps started.

As a result…..new homes have changed dramatically over the past 10-15 years.  We’re now at a building science tipping point.

Even if you follow the code, and build the worse house allowed by law today…
- It won’t dry if it gets wet.
- It won’t ensure fresh air.
 It’ll have greater combustion safety risks.



Indoor Source Control

Current LBNL/DOE/BA activities:

* Kitchen ventilation: cooking generates moisture, PM2.5, acrolein,
NO2, etc.

* Spilling combustion appliances (mostly a CO issue)
* High performance filtration

Other relevant issues:
* Bathroom exhaust: moisture removal (+ cleaning products)

* Reduce Emissions: e.g., formaldehyde legislation in place in CA
and soon will be Federal

* Radon — already a well developed Radon control industry with
good technical approaches — studied by LBNL 25-30 years ago
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Source Control—Cooking

Moisture & CO, Particles
NO, and formaldehyde
Particles & CO

Particles

VOCs including acrolein
Moisture and odors



Removing cooking pollutants

The effectiveness of range

hoods at capturing cooking
pollutants is called capture
efficiency.

LBNL Currently developing
ASTM test method with
manufacturers — laboratory
rating NOT “in-home”


Presenter
Presentation Notes
And in many homes there are devices that look could provide ventilation but they are not set up that way. Instead, they just blow air back into the kitchen. Some range hoods and most microwaves that go over the stove top can be set up to pull air up and out of the kitchen, or to just blow it back out into the kitchen. We can these forehead greasers b/c they just blow the greasy air back at your forehead. Obviously this is not the solution we are looking for.



Testing In Homes

Sampling CO2 from gas burners Measuring air flows with active flow hood
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In-Home Performance Varies

Fan
(cfm)

Capture Efficiency (%)

500 Fan Speed
| o 1
400 - o 2
300 - s 3
sl HVI FI
] OWS
100 5 M Minimum
0 R Recommended
100 -
80 - | Burner
) B Back
60 1 Bl Front
40 _ Il Combined
] B Oven
20 -
y \\Iahfsrangehood
0

All D1 D2 F1 F2 F3 F4 F5 H1 H2 B1 B2 B3 B4 B5 B6
House
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Kitchen Ventilation

- Lab experiments to support standard test for effectiveness rating and
investigate equivalence of low exhaust flow, recirculating air cleaning devices
- Work with manufacturers on product improvements

- Create guidance on best practices — includes European AIVC collaboration

LBNL Kitchen and Range Hood Lab

Room Setup and Measuring Points

Method (2.5m x 5m):
Range-Hood: Microwave
Exhaust Airflow: Low (200 m*/h) & High (500 m3/h)
Height : Down (35cm) & Up (50cm) above the Cooktop

.
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Environmental Energy Technologies
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Kitchen Ventilation Recommendations

Install range hoods vented to outside

* Hood covers all burners

* Hood is not flat bottomed

* Airflow of 200 cfm—MEASURED

* Look for future inclusion of Capture Efficiency in fan ratings

Provide ducted make-up air in VERY airtight homes or in systems

with high flows
Need to evaluate efficacy of recirculating hoods with charcoal

filters

* Not all contaminants removed

* How good is combinations of charcoal filter + general kitchen
ventilation for moisture?

Automation? More complex ... but we know it works..
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Source Control - Combustion
Safety: Carbon Monoxide

Sources: non-direct vented gas burning appliances:  Home CO poisoning
furnaces, water heaters (ovens?)

Poor combustion leads to CO production

Tight home plus depressurization from exhaust fans
(kitchen, bathroom, clothes dryer), other appliances
and fireplaces leads to combustion products coming
into home instead of up the flue

Current Practice for evaluating CO is poor:

Excessively conservative hazard threshold fails
many homes with miniscule or no risk

Failures require expensive, unnecessary
mitigations or limit air sealing

Complex and time consuming procedures

ENVIRONMENTAL ENERGY TECHNOLOGIES DIVISION
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Combustion Safety Testing

Key test components for reducing risk:

* Visual inspection of appliance and vent system
* CO test

* Draft test

In existing field studies burner cleaning and repair
plus repair of poor venting resolved most problems

Collaborative effort with industry: AHRI, GTI, NFPA
and other Building America Teams & researchers

We are working with standards and training
organizations (Building Performance Institute,
RESNET, ACCA, AHRI, GTI) to change combustion
safety testing training and requirements
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High Performance Filtration

Examine tradeoff between _—
. JULAO0
equipment costs, energy E

use and health o5 *,@ @ Indoor OeOmay, .
improvements e0" e PM phase Change
Infiltration i
- Ooo® ° o Coagulati
 Allow tradeoffs in °° Exfiltration og-pgy  *de
[ L
standards — proposed o D Formation
position .
language for ASHRAE62.2  °° ?m - Ryprensien
L
. Oe
 Technical background for ﬁ
requirements in codes and BTN i | iigapatouieeotPhe
o R * Y w.. MAONItOring sites 7/ <
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filter requirements e o "B
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Source Control - Filtration

PMN=0.5 and PN=2.5 Mean Concentrations

Combine modeling with field [ e e
data 4 gl -
Recommendations: s 7 | e
Central forced air system and Pl |
supply ventilation At least | 8 g
MERV 13 preferably MERV14 or  § 8| E i
greater 8 | ] -
Need to limit air flow resistance — L o
get it included in filter rating and
labeling ol

Tight homes are good particle 061
filters for Exhaust ventilation: 04l
* 1.5 ACH,, = 2% penetration = 02}
MERV16 , m=00128
] 1IU 21{I ,“;U 44IEI ErL‘I EID-

ACH,, (/h)
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Whole house ventilation

For everything else that isn’t a fixed source
Has biggest energy impact — always operating

LBNL research on “Smart Ventilation”
* Use control systems to:
Sense operation of other fans and account for their contribution
Time shift ventilation to
Ventilate when temperature differences are smallest
Avoid peak times when energy grid loads are highest

Reduce ingress of outdoor pollutants by not ventilating when
outdoor concentrations are high

Account for unoccupied times
Limit peak exposure
Include natural infiltration

ENVIRONMENTAL ENERGY TECHNOLOGIES DIVISION
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Residential Integrated
VEntilation Controller: RIVEC

* Uses continuously calculated relative dose and exposure to
control the whole house ventilation fan

* Deliberately turns off whole house ventilation at peak times

* Senses operation of other fans and includes their air flows in
the relative dose and exposure calculations

[




Smart Ventilation

Demonstrated 40% savings with a simple timer control
- Developing new controls based on outdoor air temperature

nnnnnnnnnnnnn

ﬂ “ Control Options:
Sl Fiked SC

g T 2. Vary by climate
S =T =T | 3. Vary using infiltration calculation
fgEsggseosEsE : B ol o

- Developing new controls for reducing impact of outdoor humidity
in humid climates

L Increase ventilation
Reduce ventilation

. m —ltmore. Shift ventilation to
iz /\\ —ctwone less humid times
ffém %/ﬂ\\ el Based on outdoor
i N § iﬁ — ot humidity and/or
8= = T timers

Phoenix
Seattle
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Commissioning—Why It's So
Important in Airtight Homes

If IAQ system fails, there
is no natural infiltration
backup

Faults are common in all
system types

T /alnor Balometer® Flow Ohbservator DIFF Automatic Air Tsl/Alnor Balometer® Flow
Measu r‘ement methods Capture Hood ART701[ABT701) olume Flow Meter [DIFF) Capture Hood EBT721 (ERT721)
and equipment are
inconsistent

LBNL developing new
equipment and test
standards for rating test

eq u I pl I Ie nt Energy Conservatory - Exhaust Fan The Energy Conservatory — tedo 417 Vane Anemometer
Flow Meter (TECEFI] FlowBlaster™ (TECFB) {testod17)
“Agure 1 The sx commercially available flow hoods evaluated for this study
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IEQ Valuation

Develop IEQ/IAQ Scoring Tool
_ike an energy score — something
ouilders can sell

) ~ Acute Exposure ~ Impact Assessment
1. Develop the metrics to

quantify IEQ/IAQ o Exposure period is considered a Exposure
performance day or less Concentration
2. Develop method to combine
several metrics into one score
3 Apply prototype scoring tool o Ex. carbon monoxide in homes Effect

to high performance and i |
conventional homes ] m Harm/ Cost

o Near instant effect

Effects can clear up or be

m]

permanent
lliness/
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Codes and Standards

ASHRAE STANDARD —
Ventilation and ANSI/RESNET 301-2014 RESIDENTIAL

2013

Acceptable Indoor Air COMPLIANCE MANUAL
Standard for the Calculation and Labeling FOR THE 2013 BUILDING ENERGY EFFICIENCY STANDARDS

Qual ity in Low-Rise of the Energy Performance

Residential Bui ldings of Low-Rise Residential Buildings
using the HERS Index

s R,

@

DCIATED
TONS IN BART 1
AIR CONCHTICRING Residential Energy Services !
e ACCA Standard D il s e . :
STANDARD MUMBER: ANSIL/ACCA & GI-2010 (k(‘n"m‘ ¢ BPI Standards
HVAC Quality Installation Sk e ) R
Specification

Residerial and Commercal Heetirg, [ R

Ventilating. and Air Cancitioning (HVAL)
Applications

BPI-1100-T-201x
Home Energy Auditing Standard

!
o andarcks Tk Toam, ACCA, 2300
Srirkingeon Roed, Suka 300, Arfington, WA 22206
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Codes and Standards

ASHRAE 62.2: National Residential
Ventilation Standard

- Long term guidance towards more health —related basis
- Make standard more flexible to allow smart ventilation controls
- Target specific pollutants — Particle Filtration

RESNET: Home Energy Scoring

- Revisions to RESNET core Standard and ongoing interpretations and
additions

- New Standard for Testing Air Leakage of Building Enclosures, Air
Leakage of Heating and Cooling Air Distribution Systems, and Airflow
of Mechanical Ventilation Systems
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Codes and Standards

Two new ASTM standards:
1. Range Hood Capture Efficiency

C C

CE = exhaust ~ “~room

C C

exhaust ~ “inlet
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http://indoorair.lbl.gov/range-hood-roundup.html

‘—:ﬁﬂ BERKELEY LAB A-Z INDEX | PHONE BOOK | JOBS | SEARCH
jside
formation:

Berkeley Lab scientists have spent decades investigating how
everyday activities affect indoor air quality. We study pollutant
sources in homes and develop effective controls. Our recent study
found that cooking without proper kitchen ventilation often produces
air pollutant levels in homes that exceed outdoor air quality
standards.

INDOOR AIR AND YOUR HEALTH

We need your help to learn more. Berkeley Lab’s Range Hood
Roundup is gathering information about cogking patterns and
kitchen ventilation in U.S. homes. Please join our science team by
completing a short survey. We will use the information you provide —
along with data from thousands of others across the country —to
develop recommendations for impraving indoor air quality and
health through better building codes and product standards.

The survey has 10-12 guestions depending on the equipment in
your home. It should take just a few minutes.

Thank You!
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Presentation Notes
Which is this page. 
Click on the “Take Survey” button and you get to here…
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formation:

A-Z INDEX

BERKELEY LAB EXPERTS TALK INDOOR AIR

For decades, teams of Berkeley Lab
scientists have investigated the ways that
indoor air quality affects human health

from cognitive ability to personal comfort
Lab scientists were among the first to sound
the alarm about sick buildings, including the
health risks posed by radon, and also to
offer solutions to make buildings healthier
They continue to identify and monitor other
sources of indoor pollution—from cooking
byproducts to thirdhand smoke, and to
substantiate the health vitues and cost
savings of energy-efficient ventilation,
particularly in schools. Berkeley Lab experts
have changed—and continue to change

the national thinking about what constitutes
healthy building design and use

Recent News
Sept 2013

Berkeley Lab Indoor Air Roundup: Matural
Ventilation Comes with Health Risks, and
maore

Aug 2013

Secondhand Smoke in Bars and
Restaurants Means Higher Risk of Asthma
and Cancer

July 2013

Kitchens Can Produce Hazardous Levels of
Indoor Pollutants

PHONE B

Jun 2013

Berkeley Lab Confirms Thirdhand Smoke
Causes DNA Damage

Jun 2013

More Fresh Air in Classrooms Means
Fewer Absences

Apr 2013

Hidden Dangers in the Air We Breathe

indoorair.lbl.go

Info about LBN
research
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Presentation Notes
To answer these questions, we created a short survey on Kitchen Ventilation. We are calling it the Range Hood Roundup b/c Jeff thought that was a cool name that people would remember. And you need a cool name to get people to do your survey. 
We have the survey posted on our web site, indoorair.lbl.gov, where you can also find information about our research. 
When you click the green circle, you will go to this page that introduces the survey…
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