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KEY POINTS

= Energy use in buildings matter
« Efficiency offers the best means to substantial reduction in energy use

» External drivers defining the market — building energy performance labeling,
auditing and reporting

» Highly energy efficient buildings exist
» 50-70% energy use reduction in buildings is feasible with existing technologies
« Systems approach to design and operations is key
» Barriers to market adoption are speed and quality of design and associated costs
« Systems engineering challenges exist in all phases of building delivery

» System design and delivery methodologies can drive and persist aggressive
energy use reduction

* Integrated design methods and engineering tools
» Methodologies for extensive validation and verification of system implementations
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The Energy Demand Problem in
the Built Infrastructure...



Urbanization and Energy Demand

35,000
- P 2003 Level
= 30,000 2050 Projection based on:
The future is urban = o
Global popul atisn (Lllion) i Worst case projection-
a 5 25,000 U.S. per capita levels
o) =
7 T 20,000 - Best case projection-
B . Japan per capita levels
: £ 15,000 F
i = @
ni 1] n 1 =
||I|IIII*%==%* o)
il I l HEEEN g
— — — 5,000 BT R ’ ......... o 2003 U.S. Level
Hin rural areas Win wian areas Barce LN 0 _!. L \ L
Brazil China India EU-15

“China is building a new Japan every three
years and a new Europe every ten”

» The bulk of the increase in global energy-related CO2 emissions is expected to come from
cities, their share rising from 71% in 2006 to 76% in 2030 as a result of urbanization

* In China alone...
1 billion people will live in cities by 2030
40 billion square meters of office space will be built in 5 million buildings. 50,000 of these
buildings could be skyscrapers (the equivalent of 10 New York Citys)
* In the U.S., half the buildings needed by 2030 do not exist

Sources: Ryan and Nicholls 2004,
USGBC, USDOE 2004



Building Energy Use Matters

IEA Estimates of Emissions Abatement by Source/Sector

70
&0 Baseline emissions 62 Gt

W Power secior (J8%)

B Industry [19%)
50 —

40 —

Buildings (17%)

B Transport [26%)
30 —

20 —

Ernissions (Gt CO,)

BLUE Map emissiens 14 Gt
H]' Ll = o

0 WEO 2007 450 ppm case ETP 2008 analysis
T T T T T T T T

2005 2010 2015 2020 2025 2030 20353 2040 2045 2030

Sector 2050 BAU 2050 Blue MAP Reduction

Power - - 18.2 _— : :
generation Buildings consume precious resources: .

= 39% of total U.S. energy, similar worldwide
Industry 23.2 5.2 9.1 = 71% of electricity & 54% of natural gas in U.S.
Buildings 20.1 3.1 8.2 Building produce 48% of U.S. Carbon emissions
Transport 18 55 12.5 and nearly 40% worldwide
Total 62 14 48

75% reduction in Building Sector Energy Use Required

Sources: Ryan and Nicholls 2004, USGBC, USDOE 2004,
IEA Energy Technology Perspective 2008 5



What Will It Take
and
Is It Feasible?



WBCSD: Energy Efficiency in Buildings Project

Four year project motivated by increasing
global energy crisis

Must transform the way buildings are designed,
constructed and operated

Global market perception study revealed
market failures

See www.wbcsd.org for more information

»ée 2
tﬂFAIIGE :“; World. Business Council for /4 u n lted _
‘// Sustainable Development Technologles
A QUPIRD = ACTELIOS
i L @ BOSCH  SKANSKA . 'na PHILIPS
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L
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Complexity in Building Delivery Practices

Prelim. Design

Detail design

A il [ s

— AN
ARAR

Constiuction operalions AREWN

[ Commissioning AN W

Professional and Trade Building Delivery Process Operational Islands
Responsibilities (Management (Ineffective coordination;
(Functional gaps) discontinuities) poor communication)
Need:

* Tools to integrate process & communities
e Tools to integrate building design and operations
e Align incentives

Courtesy: World Business Council for Sustainable Development (WBCSD) Report on Energy Efficiency in Buildings, July 2008



Building Energy Economic Policies

Economic policies on whole-building energy-intensity are effective

World Business Council for Sustainable Development ﬁ':‘q

Energy Efficiency in Buildings Project “s‘?/f

Incentives on Incentives & Codes based on
Components & Renewables Whole Building Energy Intensity

= =

s 2 = Q
= Py £ Py
8 g 5 g
> o~ > o~
g 8 S 8
i S

2 [

2005 2010 2015 2020 2025 2030 2005 2010 2015 2020 2025 2030

(Analysis is an example result for single family residences.) 9



Economic Assessment — US Onl
Energy use reductions economically viable

Auto Safety
Regulations
2% First Cost Premium

Incremental Investment to

- CO2 Emission Reductions Achieve Reduction

100% $200

% 90% - $175 3
Q
__g 80% g
Required Building ° - $150 g
Efficiency Investments O i =
3% Total Cost Premium o g0, - $125 QZJ
13% First Cost Premium < 2
2 50% - $100 B
n —
g s 3
u 2

o 30% &
) - $50 2
O 20% w

10% [ $25

0% - $0
<5 year payback <10 year payback > 10 year payback

Building Fire Safety
Regulations
5% First Cost Premium

*reflects scale up of buildings contribution to IEA Blue Map scenario, 2050



Market and Regulatory Landscape
Changing... Necessitating A
Systems Approach

11



Rapidly Evolving Landscape

LEED EB Introduced

= Applications
= Certifications
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
U.S. Market Attributes EU Market Attributes
= | EED Performance: Make Energy Use Visible = Energy Use Monitoring : Make Energy Use Visible
= Certified buildings must recertify at least once — EU Buildings Directive (EPBD) 2002 |
every 5 years to maintain LEED-EB status’ (2009) — Building Energy Performance Requirements in Germany

Tightened by 30% (2009)

= EU-wide regulation for energy compliance
— All New Buildings to be Net-Zero by 2018 (EU legislation)

China Market Attributes
= Energy Conservation Regulations 2007
= Poor adherence driving reporting requirements

= LEED-NC requires measured performance (2010)

12



Whole Building Energy Performance Ratings
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Integrated

Design Process Key to Improving
Whole Building E Perf

=
i)
I
Impact from earlier use of
Integrated Design Process
'
[
1+
ol ;
E Building i Cost and
performance disruption
| 3
_] H
Preliminary design Design i Construction Operation
Time Building
Users
Source: Solidar, Bedin Germany Energy Commissioning
Consultant Agent
Building Project
_. Owner Manager
® 0o —0—0- 000000 Building Design Mechanical
Operat Engi
Prelim _ SD DD cD B&N B&N B&N Copstr. peree Team e
> > > > — > > )
Landscape Construction
V.E..).\{.E.__) Architect & Contractor &
Site Planner Inspector
. . Archii El ical
Integrative Design Process A LG e
Interior
Designer
—® T e — @ _ e e o o
’ a1 DD cD B&N Constrg Maint
Prelim___ SD 5 5 5 .i 5
e rereerrereesnaress e e e anersseRe s anes s aRe R ae Rt s ren et aaRr e sasrasssmes sl
All Hands
. Meetings
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Integrated Design for Energy Efficient Buildings

RN RBRIEARIEHE
OTIS Elevator TEDA Center *RAR

Maximize natural lighting

Reduce energy demand via integrated design
of building envelope and systems

Use of integrated design approach and system
modeling and simulation

25% primary energy footprint reduction at less
than 7% incremental cost

Payback 4.2 years total / 2.5 years new items

Minimize heat gain (shadin%

Cutoff angle
eliminates
direct sun

Shading
device for

I view glazing

Exploit natural ventilation

Optimally Sized Cooling Systems

‘i._’n')ﬂm ' /L

Water cooled slectric chillers Y Water cooled ch‘\ﬂc chillers
(Centrifugal 19XR300) 7 "--:I \. (Variable speed, Screw, 23XRV300)
Capacity: 300 kW = —— Capacity: 300 kW

15



Sustainable and Energy Efficient Facilities in UTC

LEED Platinum
st 44% energy savings

a4

~

P&W Shanghai Engine Center
e _ Sy LEED Gold

~ LEED-CI Silver

Otis TEDA facility

4 |
o _i

P&W G Bldg. Renovation

UTC LEED-EB factories
(11 factories worldwide achieving this
milestone)

Carrier's Charlotte (-17%), ~ Carrier's Huntington (-31%),
... and 24 additional are registered (2009)

16



But Integrated Design is Insufficient
and the Entire Delivery Process
Must Undergo a Transformation...

17



Energy Efficient Buildings: Reality

<- Measured Losses | Measured Savings ->

100% @ Designs over-predict gains by ~20-30%
. Cost Savi
o o Corifiad rgy Cost Savings
S 0%
oId-Flatnum a0% 4 -- - R
50% B Actual
T0%
25% B0% 4 -- - BEERE e - R o
o 50% 1 -- - iR w - - - - R -
0% iy |
[ These buildings use 40% 1
-25% | +—— more energy than the 30% 4
| code baseline!
20% 4
-50% |
[ 10% 4
-75% | 0% . . ' . "
Zion Visitor Center  MREL Themnal Test Chesapeake Bay Cambria Office Big Horn Home
I Facility Foundation Building Improvement Center

-100% Source: Torcellini et al. (2004)

0% 25%  50%  T5% 100% Source: Lessans Leamed from Case
Studies of Six High-Performance Buildings,

Proposed Savings % M. Frankel (ACEEE, 2008) P Torcellini, 5. Pless, M. Deru, B. Griffith, N.

Long, R. Judkoff, 2006, NREL Technical
Repart.

Large Variability in Performance Predictions
Performance simulations conducted for peak conditions

As-built specifications differ from design intent, resulting in compromise of
energy performance due to detrimental sub-system interactions

Uncertainty in operating environment and loads

18



Challenges in Delivering Energy Efficienc

N Concept & Design \ Build N Operations & Maintenance
. Property Managers &
I A & E Firms I Contractors I Operations Staf
100kwh/m?/y
Low
Energy
Design Not
Cutrent Scalable
State Systems Not Robust
300kwh/m?/y

Benefits Do Not Persist

19



S0, are there proof points for very low
energy consumption buildings?

What do we know about them?

20



Highly Energy Efficient Buildings Exist

Deutsche Post

Bonn Germany

1M ft2, 75 kW hr/m?

6331 HDD, 1820 CDD

No fans or ducts, slab cooling,
fagade preheat, night cool

Energy Retrofit
10-30% Reduction

Cityfront Sheraton
Chicago IL
1.2M ft2, 300 kW hr/m?
5753 HDD, 3391 CDD
VS chiller, VFD fans, VFD pumps Very Low Energy
Condensing boilers & DHW >50% Reduction
.):-‘- t
loll §S
4 =) '“l’[
f' 3 jrl m‘-&h&hll It

LEED Design
20-50% Reduction

Tulane Lavin Bernie
New Orleans LA
150K ft2, 150 kW hr/m?
1513 HDD, 6910 CDD
Porous radiant ceiling, humidity control,
zoning, efficient lighting, shading

21



Case Studies in Germany

* Visits to building sites and design companies in Germany and Switzerland
conducted July (2009) to understand the design and delivery of low energy buildings

« The buildings typically targeted energy intensity of 100 kWh/m?2/year (excludes plug
loads); less than half of typical German energy usage and a third of those in U.S.

* Most buildings have sustained, measured low energy performance

KfW Westar-
cade

KfW Ostarcade

DFS

Westend Duo

Debitel

Theater Haus

Mercedes

DS-Plan

Euweg

Vi

"
Frankfurt Frankfurt Frankfurt Frankfurt Stuttgart Stuttgart Stuttgart Stuttgart . .
Zurich, Switzerland
Germany Germany Germany Germany Germany Germany Germany Germany
Bank campus fo- | Bank campus National flight Green office build- |Tower developed |Low budget re-use |Premium space that | A small low ener- |A low energy office

cused on low
energy. Under
construction

focused on low
energy.

training school.
Owner occupied
office complex.

ing. Sustainability
with tenant flexibili-
ty.

for owner occupan-

cy. Now tenant
occupied.

of space for theater
complex. Willing
to compromise
comfort for cost.

while using low
energy techniques is
focused entirely on
comfort and style.

gy office building.

building.
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Commercial Office Building Energy Use

700

600

2 Internal Loads
500

T Internal Loads (est)

E
<
=
=
2
£ 400 m HVAC + Lighting
§ (breakout not available)
[= . .
- Lighting
g 300
5 B Ventilation
g
£ 200 m Space Cooling
a
Space Heating
100
——
—
0 T T T T T 1
US Average Japan Germany WestEnd Duo Debitel Deutsche DS-Plan
Average Ave!'age Post

T
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Robust, Low Energy Performance Through

Climate Adaptive’

) .( 2
“One size fits all” "-& :

« Standard equipment

* No shading

* Highly sealed envelope

Weather (wind, solar,
rempearature, humidity)

Fagade
and
Envelope

Lighting

Heating,
Cooling,

Ventilation

Information
Management
and Controls

.\c
K™
R |
1

4

| 7arger Buiiding Operating Conaitions (usage, occupancy) =5

Facade

~ “Climate adaptive design”

* Dynamic Thermal Storage
* Active shading
* Natural ventilation

Weather (wind, solar, I Targer Bullding Operating Conditlons (usage, occupancy) ]
temperature, humidity)

and
Envelope

Lighting

Heating, Cooling
Conditioning

Ventilation

Information
Management
and Controls
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Monitoring and Tuning Necessary to Achieve

KfW East Arcade Building
~# Case Study

Ergebnisse (Ostarkade)

Primérenergiebilanz

Spezifischer Primarenergieverbrauch [kWhim?a]
250

Primary Site Energy

Various Loads

0 Gebaudeleittechnik
Umluftkiihler (Strom)
O Umluftkihler (Kalte)

1111
‘ = air duct
flat 4 11111
flat | ey | fat
\[office| ) R office
office i jatrium\-, bfﬂce
office| | y \ office
74 . !
office| | t office
i 2
office confrc]aarﬁnce office

200 [ Beleuchtung
B Liiflung
l:' Warmwasser (elektrisch)
150 -+ M Dienste Warme (Pumpen+Kessal)
E Heizwarme
u Dienste Kalte (Pumpen)
: B Kalte
100 +
E o .
I 1 —
50
||
]
0 L — — I
1.Jah 2. Jahr 3.Jahr Ausblick
Universitat Karisruhe (TH) EnOBR chgebiet Bauphysik
Forschungsuniverstat « gegrindet 1825 & Technischer Ausbau Q

Tuning the controls for night purge

(pre-cooling thermal mass)
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Low Energy Building Delivery Process

\ T T
: > D Operations &
Concept & Design %~ < Build
P g \\5% Q, Maintenance
| A & E Firms q Contractors JI Properfy Jlagaders &
Operations Staff
Specialists | Climate Engineering Firm Performance Assurance Firm
Design principles T —— _ Post- =
to optimize thermal ] = occupancy . sl
interactions s wew Detailed _ b performance
' Control et tuning
Specification | ——

Interaction

Control

\ Specification
i | Document

N

PAIT

Energy Interaction
Design & Analysis

Monitoring to Ensure
Performance

Quality Assured Installation

Sources: Transsolar, DS-Plan, Fraunhofer Institute for Solar Engr. 26



Challenges in Delivering Energy Efficiency In
The Built Infrastructure

* Integrated design methods, engineering software and tools

Tools for architectural tradeoffs and selection with modeling and simulation tools
that can handle heterogeneity, uncertainty and multi-scale dynamics

Tools for rigorous requirements capture and tracking
Uncertainty quantification and risk assessment tools

Methodologies and tools for automated system failure analysis to establish
tolerances critical to achieving and sustaining target energy performance

Capability to update design models with commissioning and operational data
(dynamic Building Information Models)

* Methodologies for validation and verification of system implementations
Model-based validation and verification of building systems and controls
Tools to assist in auditing and regulation of building energy performance

27



What's Next? Efficient Buildings To Eco Cities

u:‘l‘r Vi ' | .
,Z' ,.Tr New Songdo City
South Korea
Dongtan
Sustainable Development at District — City Scale China

Potential for larger impact and benefit
More complex decision making
Larger scope of infrastructure and system alternatives

28



Thank You...
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