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Energy Use

Industry
37%

Buildings use
68%
of electricity

Most building energy goes to conditioning
the indoor environment
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lelping solve the energy problem

Need a major creative effort
by everyone involved

to design and operate
efficient and acceptable
Indoor environments

Assessment of indoor climate (feedback) is key

e Buildings (and their systems)
e People (building occupants and operators)
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Assessing indoor climate

Researchers Developing standards; design guidance

Designers Obtaining feedback about designs and use
of technology

Bldg owners Evaluating quality of buildings and their
maintenance staff

Bldg operators | Operating setpoints; diagnosing failures
and complaints

Commissioning | Feedback during HVAC system calibration
agents

Employers Employees’ satisfaction and productivity

Occupants Managing their environmental control costs
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Assessment technigues

Mobile comfort carts

Stationary indoor climate monitor
Commissioning cart with wireless sensor array
Homeowners’ energy information system
‘Right-now’ surveys

Comfort polling station

Web-based indoor environmental quality survey

N o s bR

These appear in example research projects
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Example 1: research on thermal comfort

ASHRAE research on
operating buildings in 1980’s
and 90’s

* Was Standard 55 being followed
In real buildings?

e Were the criteria correct?

Involved detailed
measurement of physical
environment and occupant
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Thermal comfort assessment carts

Mark 1

Mark 2
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“Right now” occupant survey — scales
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Analyzing the ASHRAE comfort database:

Centrally-controlled HVAC bldgs Naturally ventilated buildings
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- Predicted: Lab-based PMV model
® ¢ ¢ ¢ Observed: Field-based adaptive model

deDear and Brager used these data to develop the
Adaptive Comfort Model, now in Std. 55, for operable windows
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Example 2: Field study research on air movement

Syracuse, October 2007



Window-ventilated open-plan office building

CBE survey for background

* {wO seasons

e ~100 occupants/season (half of the
building population)

Repeated “right now” survey

T * two week test period each season
e 38 occupants/season

e Total more than 2000 surveys
<> Ambient measurements
e air and globe temperatures, humidity,
and air velocity at 38 workstations

e Continuously during both seasons
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“Right now” survey:
alr movement preference question

want less 3% want less 4%
no change 52% want more 45% no change 68% want more 28%
(n=540) (n=468) (n=699) (n=288)
Summer, N = 1040 Winter, N = 1028

Many more people wanted more air movement than less
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Automated thermal comfort polling stations

Studies of transient occupancies

Logs simultaneous physical
measurements

Polling station in a bank
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Example 3: Commissioning cart project

The commissioning cart was
inspired and funded by the New
York Times

* One of three specialized carts for
commissioning new building
systems in their headquarters

 Lighting
 Shades

» Underfloor thermal and
ventilation system
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Commissioning for thermal stratification

ASHRAE Std.55-2004
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Commissioning cart

Telescoping stratification
measurement tree

/ Cart laptop computer
o/

Lanyard for raising tree

Data acquisition boards

/ 12 VDC Battery power system
H

Pressure sensor, with plastic tubing
tether (with internal thermocouple)

Temperature profiling up to 5 meters
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Cart display screens

200 artificial loads
70 motes
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Example 4. CBE Indoor Environmental Quality
survey
Data from
e 320 buildings
* 47,000+ occupants
e 31 green buildings
For building evaluation and problem diagnosis
Other uses
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Indoor Environmental Quality survey

* Web-based, consistent questions over time
e Automatic reporting tool
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IEQ survey categories

Background I
Location H Spatial Layout I
Office Furnishings I

Thermal Comfort I
Air Quality I
Lighting I
Acoustics I
Clean/Maint General |
Comments



Drill-down questions

Satisfaction Scale

Branched to a
follow-up page

with questions

Next regarding
SUvey nature and
topic cause of

dissatisfaction
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Thermal branching page: causes of complaints
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IEQ Survey results
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Thermal satisfaction: 2 "9 lowest category

“How satisfied are you with the
temperature in your workspace?”

» 10,000

)

n

S 8,000 -

=1 190/0160/
| 016%

@ 6,000 14% 130/015% 0

S 4,000 -

O 6%

@) i

c 2,000

-]

Z = \ \ \ \ \
3 -2 1,0 1 2 3

very dissatisfied very safisfied

Overall: 58% of respondents satisfied
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Distribution of thermal satisfaction

11% of buildings meet acceptability standard
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Percent satisfied

Percent satisfied: Top 4 points (>=0) on 7-point satisfaction scale
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Air quality satisfaction: 3 " lowest category

“How satisfied are you with the air quality in your
workspace (i.e. stuffy/stale air, cleanliness,

odors)?”
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Overall: 68% of
respondents satisfied
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Distribution of air quality satisfaction

26% of buildings meet acceptability standard
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Percent satisfied: Top 4 points ( 0) on 7-point satisfaction scale
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Thermal satisfaction, by building type

Mean Scores - Thermal Comfort
LEED (n=31), mixed mode (n=5) compared to CBE datab ase (n=257)

3 :

mixed mode median: 0.62
leed median: 0.42

db median: -0.13

Mean Satisfaction Score

0% 25% 50% 75% 100%

Percentile Rank

Data for evolving green building design criteria
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Air quality satisfaction, by building type

Mean Scores - Air Quality
LEED (n=31), mixed mode (n=5) compared to CBE datab ase (n=257)
3

mixed mode median: 1.95

leed median: 1.21

’ db median: 0.21
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Overall Productivity: ranking

IEQ factors relative impact on
productivity

odds ratio
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Recent findings: summary

IEQ factors relative impact on productivity

oddsratio
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Work with Syracuse University on task ventilation

Set up the Controlled Environment Chamber in order to
resemble a typical office environment

Develop optimized TAC devices
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Eye dryness and air movement preference
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Perceived air quality vs. air temperature

with air movement

— e

P <0.002

Perceived Air Quality

P <0.04
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Conclusion: future roles for assessment

More surveying of occupant satisfaction (web)
More simultaneous measurement of physical
environment and occupant responses.
* With developments in wireless, this is becoming easier to do
e Use for building operation as well as research
Examine standards and standard practice

e Humidity limits need detailed assessment in buildings:
cause/effect links for perceived air quality, and health

Control systems with ‘ambient intelligence’ — humans
as informed and adaptive actuators
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