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Research Background
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Beijing, China. Source: Tsinghua University

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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Annual household electricity usage of split type air-conditioners in 2006,

LEGEND: End Use (High/Low variation)
W Lighting, plugs & misc. ( (2.7x)
i Clothes Washer (10.5x)
& Freezer (4.3x)

i Refrigerator (1.8k)

I Oven + Range (50.3x)
M Clothes Drying (18.3x)

M Hot Water (4.8x)

W AirHandler (7.2x)

M Heating (10.6x)
M Cooling (5.2x)



Occupants Responses to Discomfort

How Do Occupants Adjust to Thermal Comfort Issues?

Supplemental clothing 64%
Personal heaters 60%

Block or redirect vents 56%

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



Various Ways of Operating the Air-Conditioners

m/ always turn on

W turn on when entering

3)/ turn on when feeling hot
W turn on before sleep

W never turn on

S/ randomly turn on 1wy




Occupant Behavior is one of the Key Elements to
Achieving Low Energy Buildings




Significance of Research

* Technologies alone not necessarily guarantee low
energy use in buildings

* Human behavior plays an essential role in building
design, operation and maintenance, but it is not
well understood and usually over-simplified or
ignored!

* Behavior changes, usually no or low cost, has
demonstrated 5 to 30% energy savings in

buildings, but potential savings can be much
more!



A Framework to Describe Occupant
Behavior - the concept...

1 Drivers |
Energy-Related i Needs |
—
Occupant Behavior | | o
| Actlons|

Systems |




Drivers represent the stimulating factors that provoke energy-related
occupant behavior

DRIVERS
1
Building Occupant Environmental System Time
Properties - Attributes - Climate k Properties k Day
Location - Energy Attitude - Indoor State Month/Season
- Location - Outdor
— State - Weather




Needs represent the requirements of an occupant that must be met in
order to ensure satisfaction with the environment

NEEDS
[
Physical Non-Physical
[
Comfort Biological — Entertainment
| ( — Environmental satisfaction
— Acoustical —{ Food :
— Privacy
— Thermal — Drink — -
—{ Social interactions
— Visual —{Bathroom -
' — Social reward
Indoor - Hygiene
— Environmental "
— Exercise
Quality (IEQ)
— Sleep
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Actions are interactions with building systems or activities that an
occupant can conduct in order to satisfy their needs

ACTIONS

|

Interact with system(s) | | Movement | | Inaction | | Report discomfort
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Systems are the equipment or mechanisms with which an occupant may
interact to restore comfort

SYSTEMS

| | | | | |

Building | | Clothing | | Cooking | |Heating/ | |Hot water | | Lighting | | Openings | | Plug | | Solar Ventilation
transport Cooling loads | | shading
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The DNAS Framework

Energy-Related Occupant Behavior

Climate & Weather

Building

1 Occupant

t Drivers H Needs J> ActionsJ|

Report
discomfort

! \
[

—

\ é'l'l'l Groups | =

—> (Inaction) J

SYSTEMS

Movement
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-

Building Performance
and Occupant Comfort

D
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Example 1 — Window opening

-

Driver:

Indoor
air temp

-

Need:

Thermal
comfort

\&

System:
Window

5/

14



Example 2 — Light operation

Driver: Need:

| Action: System:
Work plane Visual Lights

. ) Switch on
L|IIum|nance comfort ‘




The XML Schema - ob XML
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Applications of the Framework

* Building energy modeling

®" |mprove evaluation of building technologies and designs

= Better predict actual energy use in buildings

* Energy policy

= Energy benchmarking and performance rating
= Codes and standards

= |ncentive programs

* Long term can be part of BIM



The U.S.-China Clean Energy Research Center for Building

Energy Efficiency: Phase 2 Research Projects

EXECUTIVE COMMITTEE ON CERC-BEE (MoHURD and U.S. DOE)

Center for Building Energy Efficiency (MoHURD) and LBNL

F A B C D ’ £
Marke.t Integrated D-e5|g Building Bu-lldlng Renewable Pilot Constructio
Promotion & Operation Envelope Equipment Energy
. Al Integrated B1 Shadin D1 BIPV E1
F1 Operation & Deci g C1 Dehumidifier . id Energy Systems
Management esign Systems + Micro-gri
E2 Cx, Operation,
C2 Lighting and Evaluation
F2 TBA A2 Human B2 Air Sealing Controls D2 GSHP
Behavior
E3 Market
B3 Roofing c3 Evapt?raﬁve Research
A3 TBA Technology Cooling
B4 Hybrid

Ventilation




EBC 48)

Communities Programme

New IEA EBC Annex 66:

Definition and Simulation of

Occupant Behavior in Buildings

Operating Agents:
Da Yan, Tsinghua University, China
Tianzhen Hong, LBNL, USA



Five Technical Subtasks

[ Subtask A Subtask B Subtask C

[ Occupant Action Models in Action Models in
movement and residential commercial

I presence buildings buildings

[

[

[

Integration of OB
Subtask D framework and models
with simulation tools

Case Studies and
Behavioral Guide

Subtask E

Fundamental

Research

Practical
Applications



Outcomes & Audience

Standard definition, description and classification

of occupant behavior in buildings

Building Energy Researchers

Systematic measurement approach, simulation
i o Energy Modellers

modelling and validation methodology Simulation Software Developers

Occupant Behavior Database with data of
different temporal and spatial resolutions

Software to simulate OB, integrated with a Building Designers
building thermal and energy model Energy Saving Evaluators
HVAC Engineers

Case studies and guidelines to demonstrate

System Operators
applications of the new OB definitions and g -

Energy Policy Makers
models



Participants from 24 Countries and Regions
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Schedule

2013.11 2014.11 2015.11 2016.11 2017.11 )
* Preparation phase

— Oneyear (2013.11 — 2014.11)

*  Working phase

7,

Preparation phase

— Two years (2014.11 — 2016.11)

* Reporting phase

— Oneyear (2016.11 — 2017.11)

Reporting phase J

Working
phase



Questions?
Tianzhen Hong, thong@Ibl.gov
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