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A globally integrated world creates new interwoven building issues
$3.2 trillion value of building construction in US in 2010. Similar for 2011.

Economic Investment Increased Infrastructure Climate Footprint

recovery ROI urbanization Planning change Change

Population
growth

Growth
Investment

Natural resource Stakeholder

constraints i expectations

Conservation & =~ == Comparative
: he.. metrics

Innovation Investina .-«



Something profound is happening: our buildings are getting smarter

INSTRUMENTED INTERCONNECTED INTELLIGENT SMARTER
Facilities can be fully Building systems Intelligent interaction Information is shared
instrumented at all are interconnecting possible with to improve building

levels. in entirely new ways. externalities. operations and

occupant well-being.

© 2011 IBM Corporation



What does it mean to become Smarter?
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Measuring, Monitoring, Modeling and Managing
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Feedback to user and data source;

Incentives and actions to change behavior
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_ A Data collection

A Data Integration

A Comparison of historical
data, with newly collected
data

A Data modeling and analytics
to create insights from data
to feed decision support
and asset optimization

Source: IBM Corporate Strategy



Partnering for success
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AWorking together to deliver
proven solutions for operational
efficiency & sustainability

AlLeverage existing skills,
technologies & capabilities across
multiple companies to drive

practical results and savings

ACollaborating on customer
projects across many industries


http://www.eaton.com/EatonCom/index.htm
http://www.sap.com/index.epx

Smarter Buildings applications and benefit examples

/1;;;AF(T IS

Solving building systems

shortcomings with the most

appropriate, effective & energy
efficient approaches.

Tulane University:

Connecting to existing building
systems to collect metered data;
incorporating advanced analytics
to uncover sub optimal conditions;
bringing disparate data together to
drive better decision making and
measurably reduce overall energy

. Y
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Integration of energy and asset
management to lower operating
cost.

IBM Rochester, MN:
Incremental energy savings of
approximately 5% yearly through
various improvements and
programs; after the installation of
IBM Intelligent Building
Management, the team achieved

//;;;/\F(T IS ﬁ\\\\

Optimizing energy consumption
lowers operating costs and
reduces carbon emissions.

an incremental 8% savings.

Bryant University:

An IT initiative to create an
energy-efficient data center

shifted to a partnership between

IT & Facilities to construct smarter
buildings. A 15% reduction in
energy use and 50% reduction in
floor space in the data center are
hel ping to reduc

@print.. /



http://w3-01.ibm.com/sales/ssi/cgi-bin/ssialias?infotype=RF&subtype=CS&htmlfid=LWIS-8BP2XJ&appname=crmd

Smarter Buildings Implementations at Armonk and Rochester

Armonk, NY Rochester, MN

A Property Characteristics:

A 3.3M sq ft multi-building mixed use
light industrial campus

A Facilities date to the 1950s

A Property Characteristics
i 280,000 sq. feet
I Opened in September, 1997

A Scope:

BMS/metering integration

HVAC sensors/metering point integration
Lighting management

Perimeter pre-heat

Chiller optimization

Advanced analytics/FDD.

Dashboard for energy, carbon,
maintenance, space, etc.

A Scope:
T Metering
I PLC1T BMS integration
T Advanced analytics
T Fault detection & diagnostics
I Dashboard for energy, carbon,
maintenance, space, etc.

o o o o o o I
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First IBM implementations.

Delivered +8% energy cost
reduction in already
efficient buildings that have
seen 7% reductions/year for
the last 10 years.

Delivered 5% operational
costreductions from
condition-based
maintenance and
prioritization of preventive
maintenance.
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Interconnected: Buildings, Building and the Environment

Performance
Optimize
Energy, Cost, ROI,

System of Systems
Integration, Infrastructure

Enterprise
Mission activities

Bwldmg (v) S

Building (n)

Data

Information
Knowledge

Compliance! = Action
Awareness : =

NIBS, USGBC, Labs21 y & {& s
Policy i Means and Methods
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EO, Legislation, Treaty § _ Drivers
Standards Environment Mission, Codes, Licensure
BOMA, ASHRAE, UBC [l = People o
- Professionals, Organizations
Financing
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Integrated Buildings — Emerging Course of the

Industry

Evolution of Convergence between Building Systems and IT Systems

IT champions drive integration
™ to narrow the expertize gap.
- .
Integration Software MNetwork Integration
) ' ; -
Automated Commissioning Set implementation and
and Energy Management maintenance policies, IT
mformation = — compliance, portal strategies, etc.
Technology Building Information
(T} Modelling Demand Response Programs
""-| and Smart-grid Applications
Integration The need for interconnecting facilities
R e T Gap “= and accessing real-time data is driving
convergence
Building Smart-Grid
Systems Integration

www.frost.com

Cloud
computing-
Software as

a Service

> Growing

» | Convergence

=

Integrated Security
Sysiems

Wireless Confrols
and Sensors

-

Open protocols on
fop of legacy

2010

Cemand Response
programs

Full building intelligence systems integrated O&M

contracts

2015
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Smarter Buildings integrate with Smarter Grids.
An example of how smarter buildings are a part of a Smarter City

~

~

Homes
Energy Management - Central control and
connection of home systems - electronics and
community micro grids. Appliances
that automatically adjust power
usage based on grid status.

Smarter Buildings
Integrated and optimized physical and digital
infrastructures that are cost effective and
operationally efficient for energy, water, waste,
GHG management and can serve as micro grids

Industrial plants

1uilding complex

re .
Digital link with power company ~L - . )
to enable energy optimization .-"'H ﬂ_b
Cogen and time-of-use savings Central
. entral
Data / C/oud Electric Company Power Plant

ACustomer account management

Plug-in Electric Hybrid Vehicle

ATime of use management
/Energy management

(PEHV) Charging o ﬁ

Smart charging of hybrid & electric vehicles Distribution Company

at home and at commercial locations /Distribution management Solar ,Wind Farms,

AEnergy supply chain Energy Exploration, Hydro
- L A ANetwork operation Production and Generation
= e A Coal, Oil, Gas
— A Nuclear, Hydroelectric

A Solar, Wind, Geothermal
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Smarter buildings is about having the information to make decisions

..but most decisions are taken in the absence of quantitative information (except
just about cost) because the foundation data is fragmented or simply not collected
and analyzed.

Bute

Qualitative or cost

Smarter Make informed based decisions
i Investment-grade restricted to first cost
@ decisions

Intelligent
P Tools not available or

9 not used in property
i decisions
Inter- Analytical tools
connected
i Datais fragmented or
Instrumented Data and information not used by / available g8

to management

in & about
building systems

4
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http://upload.wikimedia.org/wikipedia/commons/e/e7/2004-09-02_1580x2800_chicago_IBM_building.jpg

Smarter Buildings Marketplace Macro Influences

A Macro Drivers and Major Trends:

I Financial Crisis i Working capital for mission is increasingly scarce.
A Most acute for governments.

I Mandates for Sustainability & Energyi Executi ve Orders &
A Targets are energy and emissions reductions. Often unfunded.

I Evolving Sustainability Awareness i Populist recognition and actions.
A Shifting from compelling reasons and best practices to data-driven models.

I Recognition of Impact of Built Environment i Action can make a difference
A Resource utilization to climate change.

I Infrastructure Market Status i Mature, Fractured, Moving to Integration
A Established practices and law.
A Fragmented value chain and non-integration among practitioners.
A Significant consolidation, especially where services are commoditized.
A Emerging adoption of instrumentation and automation.
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Interconnected: Buildings, Building and the Environment

© 2011 IBM Corporation
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Defi ni ti on A Smarter

cities, and smarter systems (e.g., smart grid)

Bui

has a life cycle managed comprehensively\in a sustainable manner, coordinating all
ects from design to demolition

is holistically managed and optimized to integrate well with other buildings, smarter

leverages technology and process for a safer, more productive, operationally

efficient building

provides an improved set of user interface tools and sensors and actuators that

monitor everything to create buildings that are:

A Cost effective for their owners and tenants
I Reducing energy and operational costs
I Maintaining high property value

A Operationally efficient 1]

A Comfortable and productive for their occupants

o

A Safer and more secure
A Environmentally responsible for the planet

© 2011 IBM Corporation
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Building Life Cycle, Groups & Activities

Executive Suite Design & Construction Facility Operations
Strategic / Portfolio Planning Tactical Building Project Delivery Validation Use Divest
Capacity Capital Master  Project Design Build Commission Occupancy Demolition
Planning Planning Planning Planning
Align Define Define Define Create and  Acquire Verify initial Inhabit. Demolish
portfolio and long scope, document bids based performance
with procure range budget, solution on design is within Operate
enterprise  funding plan and schedule  within documents.  design
mission. for sequence and planning specs. Maintain

portfolio.  of delivery criteria. Assemble
Define projects method contractors.  Owner Continuous
enterprise Coordinate accepts Commissioning
standards/ Select systems Construct delivery
guidelines delivery physical Renovate.

team. Specify asset

Coordinate materials
with and
authorities. methods

Sustainability (methods and metrics differ across life cycle)
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Silos + Phases = Operational Islands

Professional and Trade
Responsibilities
(Functional gaps)

Prelim. Design

Detail design

Working drawings & specs

Tender (oiddin
lanring & scheduiing
Construction operaton

Building Delivery Process
(Management
discontinuities)

Operational Islands
(Ineffective coordination;
poor communication)

Quantitative and qualitative impact of decisions not transparent.
BIM has addressed design/construction conflicts. Much more potential for databases.

© 2011 IBM Corporation



Existing Building Industry Ecosystem Ready for Integration

A Isolated islands, varied values and interaction limited mostly to one-off projects.
A Silos of industrial processes with changing partners and delivery models.

A Upstream and downstream impacts not always influential.
A Professional practice and permits regulated by many state and local authorities.

Local authorities

Capital pmywiﬁ Civeners sers

Designers Enginesrs Corntractors
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Feedback in the Building Life Cycle:

Informing and Forming Intelligent Policy

Planning Reslay &
Construction

=

Facility
Operations

| R S |

Planning mp  Design &
Construction

Facility
Operations

——

Real-time data acquisition, analytics and performance reporting

Intelligent Policy & Investment Grade Analytics
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Real Estate Management Challenges & Pain

e A ]

GHG emissions
Energy usage
later usage
te tracking

Environmental
MEESIES

5
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PORTFOLIO MANAGEMENT

Loss of i Rich data is
corporate P THL often_ Disparate building
knowledge to ope_ratmg i u_nexplmt_ed management
: as silos of , « in pursuit
FM suppliers or systems H TR - systems
completely and data : efficiency
Too many gunni | pnmnnil Disparate facilities
business EH providers in soft
processes T and hard services

TR G
1 1
- s G
- -

require manual
intervention

o

s e 2R W

LY 111
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Difficult to determine the
value of FM services

Difficult to identify true full
cost of operating a property

© 2011 IBM Corpolation Real Estate function has an opportunity to drive strategic business value



Smarter Building Opportunities

A Tactical Opportunities and Value Propositions:

I Cost Takeout ROI through Improved Asset Performance.
A Return, Re-purpose, and/or Recycle financial savings.

I Strategic Facility Planning and Improvement Implementation
Programs
A Alignment of asset performance with mission.

A Capital improvement planning and investment prioritization.
A Implementation master planning.

I Improved Asset Performance and Value
A Enhanced workplace environments.
A Enhanced market value i greener & lower cost of ownership
A Enhanced risk management i financial and operational

I Sustainability Reporting for Facilities and Infrastructure
A Detailed, Coordinated, Real Time, Actionable, Transparent, Cost Effective
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Key Metrics:

Informing and Forming Smarter Building

© 2011 IBM Corporation



Interconnected: Buildings, Building and the Environment

Information
Knowledge

Compliance! » ~ - Action
Awareness Vi)

NIBS, USGBC, Labs21 ..

Policy “a8

EO, Legislation, Treaty |
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Environment
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The demand for change is growing.

59 1in4

59 countries and Of companies have seen Consumers say
jurisdictions have or an increase in the they would switch
are pursuing number of advocacy brands for a given
Implementation of groups collecting and product or service if
mandatory cap and reporting corporate social  provided with a
trade systems. responsibly (CSR) more ethical

related information about alternative.
their company.
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Carbon Footprint of Buildings in the U.S.

800 The building sector has:
A argest Footprint
A-astest Growth Rate

BUILDINGS

400—

i

-4

Million Metric Tons of Carbon

Q

lJ . ' 1 ] ] [ [

I 1
1960 1980 2000

Source:EPA Report to Congress, August 2, 2007; National Academy of Sciences, National Academy of Engineers and the National Research Councilreport Amer i cads Ener gy
Future: Technology and Transformation.
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Thousands of LEED Certified Buildings Exist in the US.

San Luus Rlo
Colorado

Heroica Caborcg,

BAJA
CALIFORNIA

GREEN BUILDING

IMPACTS

LEED DELIVERS

RESULTS
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All Require Energy Management as a Tool to Advance Certification.

L L T i %
® @ Ly Thunder Bay glimmins ¥ Rimouski o)
@, o g BN F!ouyn-f“lm'anl:lalj g
24 o EE L ake Superior i o
9 i X ebe ) NEW
2 & o 132 Aty et 2] &
o o JMarguat y X Sudhuty@ North Bay @ IBRUNSWICK  P.E
i Ba ]
o v, -._ 1 ; Monctond. .
o o o = s o o i Otiawa@_..--._ IE|I\.|'I::r|mz|al 77 ey “NOY
@ o 3
LR Lake S' by T,
@ 5 L e Comwalz 5 g S . . SaintJohn 1
o 37 ole o ! B Klngstnn o @% @
8 " @
& e o o e ° . ! Tororm %b
¢ <, Sr f"n-r_'_' 997 0’%
o) T m %0, 2 g % é’%
o og 00 8 & LE ; etrml Bul'[gl 0 % 09 %
o ve & Hyee, -
* 5 o %8S 00, 8 gsiolador
2
3] & @ o ° o
& &
® @
491

@ & o L
[s] o @ lorfolk
5 Ears
@
® oo. g @ @
= @ 74° iwiile
® 7% o .
& %o o o & e Dfcksonville
Oa ‘3 c%eo‘g‘u”lmlng;lt‘::n
® ° P @ 2 % oo
® & 173
Lol s -
OE < o @ B . a°
“Noge = ‘% ? Lt &> o 502 <SkQSa'.rannah
©- La?lanea & * o s © &
Jua.. 29 - o 72 " 008 5
4 1 e T
SONORA e Pty : o @O 3 @ s o @ SocBarighee g . 3
Hermosills  CHIHUAHUA -+ I . L, sERw T o . datalie E
tter ® 1 Madara Chlhuahua 4 Acufia . 1:% S
. - Gulf of K
iuaymas_ g:l;riagdﬁn ®Cuauhtémoc- Sabinag, d)' arpus Christi 2 St Patersbui -
Iia, e
@ . Hidalgo del g,  COAHUILA%; “redo Mexico
ggén MNavojoa _ﬁ' arral R . = I:Freapott City
Rl Fuetta { % eu_.-nuo e Matamoros
BAJA Dunaueo@) saltlle_.m 1=
CALIFORNIA SINALOA Tmrgﬁn ® Mmlarrey & @Nags.au
alR ® it i S

Source: http://www.usgbc.org/DispIayPage.aspx?CMSPagelD:1718
Source: http://www.arcgis.com/home/webmap/viewer.html?services=2ea2cf4f949b4593b1ffcd272e081b7c

LEED Data {imedium
scales)

Certified - Platinum
)

Certified - Gold
o

Certified - Silver
&

Certified
o

Registered Only
O



Net Zero Targets for Buildings Make a Difference

2,500 o
Emmissions Impact 3 %

s Baseline Z o

25% efficiency : 3

2,000 55
e 50% S g

S m— 75% ;:;
= — 94% - 8
< 1,500 g
c 100% S
A= S
= g
1,000 —- 5

500 | |
2005 2020 2035 2050
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Key Metrics:

Informing and Forming Smarter Building
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Interconnected Buildings, Building and the Environment

© 2011 IBM Corporation

Performance
Optimize
Energy, Cost, ROI,

System of Systems
Integration

Enterprise
Mission activities

Building (n)

Data
Information
Knowledge
S =2, Action




Measurement Begins with Quality Criteria and Goal in Mind

Measurement Factors

Holistic. Comprehensive.
Scientific. Objective.
Cost Effective

Decision Oriented

© 2011 IBM Corporation



Measures Evolve as Better Measurement Methods Develop

Types of Performance Measures Necessary for Change

Historical. Benchmark.

Improved Practice Guidelines
Assumes new practices improve performance. LEED is example.

Predictive. Comparative Rating.

Metered Performance Verification
Numerical results essential to valuation and data driven decisions.

Essential starting point to establ i shl

Begins numeri cal evaluation by comparli

© 2011 IBM Corporation



How does a building operate today?

Portfolio
Estates Mgmt

) Water Energy
Smart Meters, ﬂy Smart Meters,
Use / Flow Sensing Demand response

Asset Mgmt Fire
Lifecycle @ Functionality
\\
checks,
N Detector service
Energy Use

Passive/Active

(Building Services |

24/7 Monitoring

R T
rjtf Condition Monitoring,
ol Parking Lot Utilization

Compliance Floors, Occup

L Environmental reports

( ) Building Syst
Industry Specific uilding systems

Elevators

Maintenance,
Performance

HVAC
Fans, Variable Air
Volume, Air Quality

Cameras, Integration
Perimeter, Doors,

-
Q
Q.
Maintenance ;_-_D*.
w )
- N 1= -
Occupancy o M|
S
pace Mgmt g
9} =
e . ~ 13 -
Tenant Services | |2
Help Desk % Lighting
3 Occupancy
Waste Mgmt S Access/Security Sensing
_ Trash/Water/Recycle | |(3 Badge in,
D
n

ancy

Hospital, hotel, etc. Building & Communications Se

rvices

Interaction with Externalities

-

4 )
Weather
Current
Predictions
g 4
4 )

Emergency
Services
Alerts, Actions
g 4

-

Utilities
Demand Mgmt,
Cost Control

.

~

-

Community

Services
Transportation,
Traffic, Events

~

Commercial

Potential
Advertisement

.
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Smarter Builldings enable reliability, efficiency & sustainability

Lower energy Improved operating Greater occupant safety &
costs efficiency satisfaction

Higher

Improved revenue

utilization ] [ performance

]

/ Solution Sets

Energy;Management Operations Management

Energy Consumption &
Optimization

Asset & Work Management

Portfolio Management
Carbon Management
Facility Maintenance
Greenhouse Gas Emissions
Tracking Condition Monitoring

Space Management

Occupancy Management
Utilization Planning
Space Optimization

Move Management

~

Core Capabilities

Condition-based Energy
Monitoring Optimization

Building
Analytics

Work Order
Management

Reporting and Service
Dashboards Requests

Operational
Optimization

Security

K\
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Building Life Cycle Energy Footprint Requires Operations Focus

Manufacturing, transport
and construction, 12%

Use, 84% (heating, ventilation,
hot water & electricity)

Maintenance and renovation, 4%

/661 FON ZE "|oA Wawuonaul pue Buipjing :a3nos
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Building Energy Consumption

"I Computers 1%
B Cooking 5%
W Electronics 5%
W Wash 5%

21% Residential -| MINN Refrigeration 9% ANNG A28y

BN Cooling 10%

I L ights 12%

I Water Heat 13%

Heating 32%:

L Other 4%

| I Cooking 2%
W Computers 3%
W Refrigeration 4%
18% Commercial - B Office Equipment 7%
B Ventilation 7% HVAC 35%
W Water Heat 7%

39% of total U.S. energy I Cooling 13%
A71% of electricity Heating 16%

I £ ights 28%
A54% of natural gas I Other 10%

A12% of all potable water

Transportation
28%

Source:EPA Report to Congress, August 2, 2007; National Academy of Sciences, National Academy of Engineers and the National Research Councilreport Amer i cads Ener gy
Future: Technology and Transformation.

© 2011 IBM Corporation



Relative Performance Indicates High Value Targets

Increasing intensity

Area Intensity, KWh/m?

900

750

600

450

300

150
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Energy intensity (per unit area) vs. total energy usage

US commercial buildings

100 150 200
Total Usage, TWh

L
LA
o

Increasing consumption
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What is a Mission Critical Building: Laboratory Example

Definition ofLaboratory
FNRY wlkyR2Y | 2dzaS 2S0ai0SNRaE ! yYIONARISR 5A00A2Y I NBS HY

AA buildingequipped to conduct scientific
experiments, tests, investigationstc., or to
manufacture chemicals, medicines, or the like.

AAny place, situation, set of circumstances,
or the like,conducive to experimentation,
Investigation, observation etc.

AFrom Medieval Latin 1595605
laboratorium =work shop
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How Does a Laboratory Differ From Other Buildings?

Alt is an EnablingVork Shop

T Support for specialized tools and instruments
T Support for specialized processes and activities

Alt is Designed to Mitigate Intentional Risk

T Scientific investigations routinely require activity with hazards
T Provide special security and environmental controls

Alt Influencesthe Rigorous Controls of the Scientific Method

T In general: Design to help eliminate variables
i Predictable, reliable utilities and environmental conditions
i Efficient and controlled access to experiments and materials
i Reliable materials management

Alt is an EssentiaComponent of Regulatory Controls

I Conformance / compliance
T Validation and design qualification
T Security

ALGQ&a hgySNB | YR hOOdzLJ yida I NB
I Preference for proven solutions
T Preference for maximum functional net area

© 2011 IBM Corporation



EHS May Develop Standard But Rarely Varies From Practict

ADirect OSHA RecommendatiqirH Face Velocity of €20 If/min.
AHowever OSHA refers to Prudent Practices which begins a referral
OFaO0OlIRSY Iff O2yUNROdziAY3I G2 a&adt

29 CFR 1910.cEmpowers Safety Committee / Safety Officer

© 2011 IBM Corporation

OSHA refers to Prudent Practices for managing chemical hazards

bl GA2yFE wSaSHNDK / 2 daROWnbin) & t

American Conference of Government Industrial Hygienists
GLYRdAzAGNR I f -1208/gii)A € I OA2YE Oy n

ASHRAE and ANSI guidelines)(30 with provisions if below 80)
Local codes (generally 820 or based onoom air change ratg
Past practices (until 2005, rarely below 80. Most still af80)
New hoods reliable at 60 If/min

Newest design can contain effectively at 30!



Energy Impact: Flow Rates

AOnec TiU® CdzyS | 22RQa
use ~ 3 typical US homes.

AOnec FaG® . A2al FSae /|
energy use ~ 1 typical US home.

A How is the flow rate selected between
60-120 If/min ?

A What is the direct measure of safety?

University of Connecticut Biomedical Research Facility, Farmington, CT
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Energy Profile: Room Air Change Rate i Lab

ATypicaI Lab:
Air Change Rate of 12 AC/Hour

Often driven by local code or prior practices.

Generally a holabver from industrial applications.

More oftena resultof exhaust flow rates or heat load. FOne

AOLYFTSNBYOSe 2F al ¥50e GAUK Y3ahb
JRCTTITROY s fdiaserc: 2 Lab Volume air.

...... . ...... 2 ‘12 “'
W oL ﬁjﬁ
O ¥ieeeeend ORI % Energy / $

Ventilation Volume

1. The principle is dilution of hazard. While there are numerical values for health risk of exposure (Threshold Limiting

Value (TLV) and Permissible Exposure Limit (PEL)), design standards evolved on the simple principle that more dilution
o SdRARTAsAfer workplace.



| 12 Hr. Work Day @ 12 ACH

ica

Typ

Energy Profile

AOne

pass
Lab Volume air.
Energy / $
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A Lab Perspective: Some ventilation needs can-bdithes more!
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Energy profile: Typical 12 Hr. Work Day @ 6 ACH
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Analytics are a key component for managing smarter buildings

Closing the loop from performance monitoring to fault detection to verified action

1. Current Condition Monitoring

- Near real time data capture 2. Data Store Enterp_rlse
from BMS - Trending analysis Fepg”'”g

- Sensors / feeds across domains - Data warehouse ee

- Asset level performance monitoring - Meta data and business rules

Targeted data acquisition

5. Reporting Transparency : hﬂWH |
- Enterprise & Operational Dashboard : il
- Drilldown capability —
- Alert Summary
- Alerting

- Work Order Management
- Maintenance of optimized
position (no back sliding)
, ; . ‘.\
— - Business Rule Trends

0]~ s, - Computational

Meta-data model
AContextualization
Alnterrelationships

3. Analytics

: i Statistics/Models modeling
4. Impr.O\./ement ACtIOﬂS \dentified for Improvement - Creation of insights
- Optimized base-line energy use Improvement that feed decisions
- Process changes actions/projects and actions
- Maintenance and operations activity — i
- Ope_ratlonal COSF el e—  Fceds to other systems:
- Capital cost avoidance Work Orders, Excel,
- Reduced energy use : Browser, Planning

- Client satisfaction
© 2011 IBM Corporation



