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The Problem Statement — The Program

218,000 GSF
*$64,000,000 FFP
800 Staff Capamty

Entrance



The Problem Statement — Performance

L EED Platinum required
Natural Ventilation required

L EED Daylight Credit required
*50% better than LEED Platinum

energy use - required ‘




NREL Campus
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Today’s Office Building

Range View |

Program
¢55,000 GSF, 4 floors

e$4.7 MM core/shell
(2002)

eDesign/const +/-18




Today’s Office Building

Range View |

Performance

 LEED Silver
Equivalent

« Rooftop Package U NS
e Naviiicnht Cradt




Today’s Office Building
Range View | Open Office

ed Offic
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ZEB Goal

Passive design

Massing, orientation and
roof area

Very Efficient MEP and IT
Integrated Workplace $$




Integrated
Design

/7 Innovation
7/
V4
V4
V4

Systems
Thermal Mechanical + electrical
Lighting Efficiency
Comfort Systems integration

Passive
Thermal Architecture
Lighting Effectiveness
Comfort Integration

Fundamentals
Orientation ASHRAE envelope
Build depth

Window to wall ratio

Environmental Context Assessment
Site
Climate

Resources
Systems

Optimize Energy Performance
(Optimization Wedges)



Integrated Design

Cost Transfer 4

COST
TRANSFER

TOTAL BUILDING COSTS

v

CONVENTIONAL GREEN
BUILDING BUILDING




Integrated Design

Design Simulations
 Energy modeling

e Daylight modeling

e Natural ventilation modeling
 Thermal mass modeling

 And all must meet the Cost Model



Energy and Architecture
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PRE-CAST SANDWICH
PANEL:

3" CONCRETE

2" RIGID INSULATION

6" CONCRETE

ElGURE #1

———{—— TRANSPIRED

LIGHTLOUVER
BOUNCES LIGHT
DIRECTLY INTO

iI | DOUBLE PANE
| LOW-E GLASS

COLLECTOR

NREL




The Section




The Section
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Workplace
UFAD

Labyrinth



Library

Closed
offices

Meeting
spaces
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Open office:




Zero Energy Strategies
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The Section - Daylighting
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Top Floor




Natural Ventilation - Summer Day

50 F to 75 F SR




Natural Ventilation - Summer Night




The Section — Thermal Mass
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Is It replicable?



| HOw 1O
F’ Design and
3 Build a

ZEB




Cost / Construction — Envelope

Energy driven form Conventional form
145,000 SF 65,000 SF



Integrated Design

Cost Transfer 4

COST
TRANSFER

TOTAL BUILDING COSTS

v

CONVENTIONAL GREEN
BUILDING BUILDING




Cost / Construction — Modularity




Cost / Construction — Modularity




Replicable - Cost

e $54.5 Million construction cost
e Excludes site work

Includes interiors including
furniture

213,000 SF
$250 / SF




The Moves — changing the
Core/Shell L

+ Uselowenergy HVAC — ———=—=7 "
» Hydronic heat and|cool/ >~/

» Displacement ventllation/UFAD FT1_ | N —

e Use climate & exp
glazing

e Use thermal mass
cool




The Moves — changing the
Core/Shell —even more

 Operable windows (!) to support
night cooling.

 Low energy Data Centers
e Bias toward south/north exposure




The Moves — changing the

Interior

e More open interior design —
design for daylighting and natural
ventilation

* In-board offices & modest pa—
heights ‘

« Material selections to enhan¢== Q{ ‘V - y
daylighting ‘ e






MISSION CRITICAL

Attain safe work performance/Safe Design

Practices
LEED Platinum
Energy Star first “Plus”

HIGHLY DESIRABLE
800 staff Capacity
25kBTU/sflyear
Architectural integrity
Honor future staff needs
Measurable ASHRAE 90.1
Support culture and amenities
Expandable building
Ergonomics

Flexible workspace
Support future technologies

Documentation to produce a “How to”
manual

“PR” campaign implemented in real-time
Allow secure collaboration with outsiders
Building information modeling
Substantial Completion by 2010

IF POSSIBLE

Net Zero/design approach

Most energy efficient building in the world
LEED Platinum Plus

ASHRAE 90.1 + 50%

Visual displays of current energy efficiency
Support public tours

Achieve national and global recognition and
awards

Support personnel turnover




NREL Building Delivery & Real Estate

*Build to own

DB Delivery

Bldg. Orientation/Glazing Area
Power Purchase Agreement




ZEB Definitions

Net Zero Site Energy Building
Net Zero Source Energy Building
Net Zero Energy Cost Building

Net Zero Energy Emissions Building



/EB Definitions

=

A nEtonal aboentnoy of this LS. Defsartmmint of Energy
Ofice of Enamgy Efficiescy & Renewable Cnangry

"_‘#;#“ MR=L national Renewable Energy Laboratory

Zero Energy Buildings: Conference Paper
A Critical Look at the Definition SR
Preprint

P. Torcellini, S. Pless, and M. Deru
National Renewable Energy Laboralory

D. Crawley
U. 8. Department of Energy

To be presented al ACEEE Summoer Study
Pacific Grove, California
August 14-18, 2006
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Designer

MEP +
Energy

Stantec

Structural

Builder

E] ‘ Haselden

Construction, LLc

Daylighting + LEED

/&
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ARCHITECTURA[ ENERGY
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Integrate d Engineere d Solutions

Civil
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Beauty In the Numbers










Natural Ventilation

Manual
Auto

South AFT

Auto

Manual

North






Power Purchase Agreement (PPA)

» Gets clean, » Gets 30% Federal tax e Gets to claim
renewable energy credit renewable energy

» Gets a competitive » Gets Solar RECS from toward renewable
long term power Utility portfolio standard

contract . Gets 20 year contract . Provu:_les net
« Provides roof or site for power metering
area for PV

e Installs and maintains
equipment
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‘Wiew locking from the Lunchroom into the West Courtyand

Indoor & Outdoor Cafe Space
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Solar Parking Lots and Bio-swales



B — RENEWABLE ENERG

Solar
Elegtric

Solar
Electric




ZEB - CLASSIFICATIONS

AA |Off-grid

A+ |Low-energy building, 100% RE within building
footprint

A |Low-energy building, >50% RE within building
footprint, remainder RE within site

A- |Low-energy building, <560% RE within building
footprint, remainder RE within site and campus

B+ |Low-energy building, >50% RE within building
footprint, site or campus, remainder RE off site




ZEB - CLASSIFICATIONS

B |Low-energy building, <50% RE within building
footprint and site, remainder RE off site

B- |Low-energy building, 100% RE off site

C+ |Low-energy building, >50% RE within building
footprint, site or campus, remainder green
power

C |Low-energy building, <50% RE within building
footprint, site or campus, remainder green
power

C- |Purchase green power




SITE ZEB/B%-503

Solar
Elegtric

Solar
| Electric




7 Elegtric




7 Elegtric

~ Electric




7 Elegtric

~ Electric
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Integrated Design

The Traditional Model iIs Fragmented!

e Separate disciples act in silos — over the wall
approach

* Hierarchal organization
 Team Is separated over time
e True cost identified late.»




Integrated Design

The Integrated Model Is Multidisciplinary!
e Collaboration among disciplines

* Flat networks and alliances

e Team begins together

e Cost identified early and often




Integrated Design

An Integrated Start

e Set project and sustainability goals and
performance targets

* Eco-charrette — Iintegrate energy/form/site/program

e Brainstorming — think: big, elegant, simple; follow
nature

e Research — take the timey
opportunities




Dayllghtlng

Glare Control + View Window
Daylight Control + Daylight Window

Daylight Enhancement
' |

OUTSIDE INSIDE

= LY <
[LightLouver Unit } - e N
© I "\ ><—[S’[ruc:tural Design ]
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z | - /Celllng Reflectanc\
{ Daylight Window | 859,
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