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Background

Large gaps between measured and simulated energy use
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Source: NBI report 2008 Energy Performance of
LEED For New Construction Buildings

Influencing factors in energy
modeling:

eOccupancy

eOperation and maintenance
eOccupant behavior
eControls

eActual equipment
performance

eWeather data

eSimplification and errors in
models!

Page 2



.
Energy Use of High Performance Buildings

Site Energy Usage Intensity
EUI (kBtu/sqft) m China m AsiaPacific m EU. m US.
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CBECS_average_office building=76.3kBtu/sqft
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Samples Distribution

Total number of Proportion of Buildings Proportion of Buildings Pr;z;;?:iof
buildings (EUI<34.8kBtu/sqft) (34.8kBtu/sqft<EUI<76.3kBtu/sqft) (EUI>76. 3kBtgu /saft)
Us 21 23.8% 66.7% 9.5%
EU 11 36.4% 63.6% 0.0%
Asia 12 33.3% 50.0% 16.7%
China 7 50.0% 50.0% 0.0%
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Background

Homestead Cohort:
Virtually identical Homes & Efficiencies...

... but 3x Variation in Energy Use
* Even greater differences at end-use level

* End-use data extremely valuable for forensic
accuracy assessment
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Courtesy: Danny Parker, FSEC
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Steps Taken by Building Operators to
Address Thermal Complaints

complaint is received to see whether it is within standards °

Adjust thermostats (space set points) to provide more comfort

75%

Check and/or readjust diffusers

49%

Encourage occupant to wear layered clothing

35%

Install data loggers to monitor temperature over a longer period of time

31%

Move occupants to other zones or areas temporarily

4%

Other (move diffusers, relocate printers or other equipment, request occupant
9% N=428

wait a moment as their desired comfort will most likely change shortly)

IFMA 2009 HVAC Survey
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Diversity of Occupant Behavior

How Do Occupants Adjust to Thermal Comfort Issues?

Personal fans 66%
Supplemental clothing 64%
Personal heaters 60%

Block or redirect vents

956%

Tamper with or adjust thermostat 51%
other [ 15% N=460

Other responses include: complain, contact facilities department, keep
blankets and sweaters within reach, and open windows.

IFMA 2009 HVAC Survey of IFMA members in US and Canada
with 452 responses from 3357 samples
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Practical Reasons that
Natural Ventilation may not work

Occupants may not open windows due to:
1.0utdoor air dusty

2.0utdoor air polluted

3.0utdoor air bad smeli

4.0utdoor too noisy

5.Raining
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Complexity of Human Behavior in Buildings

Stochastic
Multi-disciplinary

Diverse ways to turn on air-conditioning:

e Various driving factors: [ always turn on

— Individual: culture, lifestyle,
habit, environmental j/ turn on when entering

awareness

[V t hen feeling hot
— Temporal: time of the day, S/ urh on when teeling ho

day of the year :j/ turn on before sleep

— Spatial: office, home,...

| never turn on
— Indoor and outdoor S/

environmental conditions

W randomly turn on

Very limited data to help us
understand

E B C IFMA 2009 HVAC Survey of IFMA members in US and
Page 8 Canada with 452 responses from 3357 samples




Challenges

e Typical OB Category and Distribution
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Occupant behavior is a key factor

Meteorological

Condition

Building
envelope

\

System
equipment

Building

~

Energy
consumption
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Importance and Urgency

OB is a Key factor for design optimization, energy diagnosis and

performance evaluation, and also building energy simulation
Limited understanding or inadequate over-simplification on OB;
In-depth quantitative analysis urgently needed;

Over 20 groups all over the world studying OB individually

Lack of consensus in common language, in good experimental design, and

in modeling methodologies.

An international cooperation is extremely important for both knowledge

gaining and data sharing

Energy in Buildings and
Communities Programme



Focus

e Focus on how OB physically and quantitatively affect on
building performance

Comfort Occupant Environment
Culture P Building Energy usage
Behaviors
Economy Energy cost
A II
_____________ 4

: I [ Physiology l I
| I Psychology i
External impact | I I Economy J
factors I I I
wl

TT Impact of occupant
behavior on building

Principles from h I-!ulman feellﬂglsm 2 energy performance
siology, psychology,
ideology to behavior Py &Y, P y‘ &Y
economics
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Research Target

Simulation modeling Validation Application

Develop a scientific framework for OB quantitative
definition and simulation methodologies
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Targeting Building types:

Technical Approach

Residential buildings & Office buildings

Sub-Task A Sub-Task B Sub-Task C
Occupant Action Model in Action Model in
movement and residential commercial
presence buildings buildings Fundamental
Research
Integration of OB
Sub-Task D model with .
simulation tools Practical
Application

Demonstration of
Sub-Task E the applications of
OB models
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ST-A Personnel presence and movement model

Personal
Presence & Movement

Occupant’s presence and movement is strongly connected
with Space, Time and Events




ST-B Action model in residential buildings

=~ 100 CO-=mss bommmBints
w
s d Median 1-82 log lux
5% (d) (67 lux)
® Slope - 2:68loglux™!
2 rx-082
§ 10 x25107 (n=213)
g
£
5 °°[
HP
g8 2%
a B
: 0 o Cyo-i3
° 2 ® Cy.1
2 1 |08
3 oF L°EF
‘§ 0 1
@ 1 2 5 10 20 50 100 200 500 1000 2000 5000

Minimum working plane illuminance {lux)

Occupant’s actions are influenced by environmental and
physical parameters in a stochastic way
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ST-C Action model in commercial buildings

Lighting energy consumption

0.18 0.163

Single Office Medium Office Large Office

Higher possibility of interaction and negotiation among
occupants in commercial buildings
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ST-D Integration with simulation software

The Behavior Module obModels builds upon
the behavior framework obXML,
and can be used in three ways

1. Run stand-alone to ' ‘ BEM Tools
generate user profiles 3. Co-simulation
for simulations with BEM tools V'aFMI EnergyPlus

¥ obModels =

2. Direct Binding
Via DLL calls from

BEM tools or GUIs

obXML

IDA-ICE

Occupant presence, TRNSYS
movement, window
opening/closing,
thermostat,
clothing, lighting,
shading, plug-loads,
VAC operatio

Essential to integrate the OB models with BEMs to exhibit the
influence of OB on building energy and performance
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ST-E Applications of OB models

eRobust energy simulation results:
— More accurate system/equipment sizing
— More robust system for green building assessment tool
— More reliable data for government to establish relevant policies

eUnderstand the energy impact of different occupant behavior so as to:
— Design more people-centered facilities
— Control building systems smarter
— Interact and encourage the appropriate action of individuals

*Bring industry into OB applications

EBC Page 19




Outcomes & Audience

Standard definition, description and

classification of occupant behavior

_ Building Energy Researchers
Systematic measurement approach,
Energy Modellers

modelling and validation methodology Simulation Software Developers

Occupant Behavior Database with data at
different temporal and spatial resolutions

Software to simulate OB, integrated with Building Designers
BEM programs Energy Saving Evaluators
HVAC Engineers
Case studies and guidelines to demonstrate System Operators
applications Energy Policy Makers
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Participants
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WORK PLAN

2013.11 2014.11 2015.11 2017.6 2017.12 ]
e Preparation phase

— Oneyear (2013.11 — 2014.10)

e Working phase

— Two and a half years (2014.11 —

Preparation phase

2017.6)

Reporting phase
Working

phase

— Halfayear (2017.7 — 2017.12)

Reporting phase
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Summary

e OB has great influence on building energy usage and

technology evaluation

e There still lacks quantitative methods and common language

for OB description and simulation

e ANNEX 66 focuses on setting up a scientific framework for OB

definition, description, simulation and applications
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3'd expert meeting at LBNL

e One day Technical Forum + two days expert meeting

IEA EBC Annex 66

Definition and Simulation of Occupant Behavior in Buildings

-]
First Expert Meeting in Working Phase, and

International Technical Forum
Berkeley, California

March 30 - April 1, 2015
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More Information

Tianzhen Hong

thong@Ibl.gov

Annex66.org
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