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At a Glance
Quick Facts

• 50,000 sq ft high-performance office 
building for approximately 210 occupants

• Construction complete May 2011

• Designed and constructed to LEED Platinum 
standards

• Overall potable water use is only 12% of a 
conventional building

• Expected to generate more electricity than 
needed, excess to Ames distribution systemneeded, excess to Ames distribution system

Background & Team

• 2007 Renovation by Replacement winner

• William McDonough + Partners, design 
architect

• AECOM, architect of record, building 
engineering, landscape architect, interior 
design

• Swinerton Builders, general contractor
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Objectives

• Create a highly flexible, collaborative and supportive 
work environment using strategies shown to increase 
productivity and occupant satisfaction
– Glare-free daylight and views to the outdoors

– Fresh air

– Individual control of the environment

– Safe, healthy materials– Safe, healthy materials

– Workplace flexibility

• Create a high-performance building using sustainable 
design principles
– Reduce building’s impact on environment

– Minimize operational costs

– Reduce maintenance costs

• Create an evolving sustainability research testbed
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Design Studies and Modeling
• Energy

– Passive strategies
• Daylighting

• Natural ventilation

• High-performance building envelope

• Building integrated shading

– Active Strategies
• Intelligent controls

• Efficient electrical lighting

• High-performance HVAC system

– On-site generation
• Photovoltaics

Daylighting – Radiance

The Radiance modeling 

tool was used to 

optimize glare-free 

daylighting and 

develop electric lighting 

design

The ETABS structural 

modeling and analysis 

tool was used for the • Photovoltaics

• Solar thermal

• Fuel cell

• Water

– Low-flow fixtures

– Greywater treatment

– Landscape design

– Non-potable sources

• Material

– Preference given to recycled, rapidly 

renewable, and locally available 

materials
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Structural Analysis – ETABS

Thermal  and Ventilation Modeling

tool was used for the 

building structural 

design

A virtual model of 

Sustainability Base was 

created to assess 

thermal and ventilation 

performance of the 

design



Architecture
• “Native-to-Place”

– Building oriented to maximize daylighting based on sun’s arc 

and airflow based on local wind patterns

– Exoskeleton support structure reflects wind tunnel structures 

and allows for large, column-free interior spaces

– Native, drought-tolerant plants

• Design emphasizes daylighting

– Tall floor to floor heights, large windows and narrow building 

floor plates provide excellent natural lighting deep into the 

interior of the building

Exoskeleton

interior of the building

– Skylights included on 2nd floor for additional natural light

– Higher first floor ceiling height allows more natural light

• Well insulated metal panel system with high performance 

glazing

• Exterior horizontal and vertical aluminum shades reduces 

solar gain in the summer and glare

• Well insulated PVC Cool Roof reduces cooling load on 

building

• Raised access floor throughout open area allows user 

controllable fresh air distribution
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Skylights & PVC Cool Roof

Raised Floor



Electrical
• Fuel cell

– Solid Oxide Fuel Cell

– No large moving parts, no visible exhaust

– For now, using natural gas as fuel

– Expected electric conversion efficiency 55% (almost twice 

conventional power generating plant efficiency)

– CO2 emissions reduced by 40%

• Solar panels

– 432 panels in 24 strings of 9 modules on each building 

Bloom Energy SOFC

– 432 panels in 24 strings of 9 modules on each building 

(north and south)

– Generates 30% of building electricity

– Conversion efficiency 19%

– Provided through UESC (Utilities Energy Services Contract) 

funding agreement

• Energy efficient lighting systems

– LED fixtures in many areas of the building

– Sophisticated lighting control system automatically dims 

lights to adjust for ambient conditions and time of day
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SunPower E19 Solar Panels

Programmable Lighting



Mechanical
• Ground source heat pump system 

– 106 well bores, 58 deg F ground temp year round

– 4 heat pumps

– Radiant cooling ceiling panels, 40% less energy use than 

typical VAV systems 

– Hot water radiant wall heating panels 

• Air supply

– Dedicated Outdoor Air System (air handlers located on roof)

– Underfloor air supply distribution with individual (manual) 

NXW 360 Water Furnace 

Reversible Chiller

– Underfloor air supply distribution with individual (manual) 

control

– Natural ventilation with automated windows to allow 

flushing during evening hours

– Operable windows for occupant comfort

• No cooling towers required
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Radiant Cooling Ceiling Panels

Automated (top) and Manual 

(bottom) Windows

Geothermal wells 

located in “parade 

grounds”



Plumbing
• Dual piping systems reduce water and sewer 

use

– Separate drain piping from lavatories and 

showers segregates greywater for treatment 

and reuse

– Forward osmosis water recycling system (in 

conjunction with reverse osmosis system), 

originally developed for human space travel, 

treats greywater
Reverse Osmosis (left) and Forward Osmosis 

(right) Systemstreats greywater

– Separate piping to toilets and urinals supplies 

treated greywater for flushing

• Low flow fixtures used throughout: urinals 

use only 1/8 gallon per flush

• Solar collectors on roof provide domestic 

hot water

• Indoor water use is estimated to be 56% of a 

conventional building
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Solar Collectors (w/ Protective 

Covers) for Hot Water

(right) Systems



Landscape
• Intelligent landscape design using drought tolerant and 

California Native plants

• 100% of irrigation water will be provided by treated 

groundwater

• 6000 gallon underground tank located on-site

• Drip irrigation used extensively for groundcover areas

• Bioretention swales provide storm water storage and 

filtration

• Outdoor workspaces and meeting areas with wireless 
Bioretention Swale

• Outdoor workspaces and meeting areas with wireless 

data communications
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Outdoor Workspaces



NASA and Partner Research

• Employ NASA innovations and technologies 

developed for aeronautics and space 

programs to expand the possibilities of high 

performance buildings

• Leverage taxpayer investment in aerospace • Leverage taxpayer investment in aerospace 

research to improve the quality of life here on 

Earth

• Function as a testbed for emerging 

technologies from NASA and its partners
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NASA Technology Demos

SB Data, 
Knowledge
SB Data, 

Knowledge

• Modeling and State Estimation

• Distributed Sensing

• Decentralized Control

Experiment Zone

Control Zone

Wireless Sensor

Experiment  Laptop/GUI

Wireless Actuator Nodes

PrognosticsIntelligent Control

• Heat pump degradation modeling

• Remaining useful life prediction

• Operations recommendations
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NASA 
Technologies

NASA 
Technologies

Computational Fluid DynamicsData Mining

• Decentralized Control

• Internal and external flow 

simulations

• Inform control strategies

• Build knowledge bases of nominal 

building operational data off-line

• Monitor building operational data 

on-line for anomalies

• Operations recommendations



Intelligent Integrated Control

Hypothesis:  Overall building performance can be improved, energy usage can be reduced, and 

individual occupant comfort can be better achieved through integrated building control utilizing 

intelligent, decentralized, and adaptive control strategies.

Building Actuators

Windows, shades, fans, 

HVAC, radiant cooling 

panels, heating panels, 

under floor vents, DOAS, 

lighting control, power plug 

control.Schedules

User Calendars 

and Room 

Schedule 

Decentralized Controllers

Distributed network of 802.15.4 

local controllers

Building

Supervisors
Web and Mobile Interface

Personal user preferences, 

monitoring, and control.

Numerical Optimizer

Multi-Objective Real-Time 
Building
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Weather 

Forecast

Schedule 

Database 

Physical Building Environment

Distributed Building Sensor 

Network

802.15.4 measuring 

pressure, temperature, 

humidity, light.
Experiment Zone

Control Zone

Wireless Sensor

Experiment  Laptop/GUI

Wireless Actuator Nodes

Multi-Objective Real-Time 

Numerical Optimization Engine

Building

Occupants

Modeling and Distributed Estimation

SAVANT: Adaptive Topology Bayesian Fluid-

Thermal Modeling and Estimation Engine



Prognostics Health Management

FMCS HVAC Control

Actual performance & 

energy consumption

Actual building Condition-based 

Sensors

Feature 

Extraction
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Heat Pump
Sustainability 

Base

Optimization 

D
e
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g

Operational 

specifications
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Heat pump 

aging model

Bldg. energy 

simulation Estimated performance 

& energy consumption

Fault mode 

& dimension

Model update

Actual building 

specifications

Condition-based 

maintenance strategy

Prognostics

Model-based

Reasoning
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Data Mining

Real-time 
Data

Select parameters 
and weights

Archived 
nominal 

operations 
data

Identify/Derive 
Salient System 

Features

“Wrapper” code (e.g., 
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IMS Monitor: 
Compare vector to 

clusters

IMS KB: 
nominal ops 

clusters

Remove outliers

Cleaned 
training data

IMS learning

“Wrapper” code (e.g., 

normalizes, weights)

Anomaly scores
Off-line

On-line



CFD: Preliminary Simulations

External Simulations 

• Streamlines showing wind paths -

surfaces colored by pressure

• Upstream structures can significantly 

alter local flows and mixing
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CAD

Triangulation

• Assists identifying hot/cold spots, thermal 

stratification, effects of interior layout

Internal Simulations 



Sustainability Base Partnerships
Lawrence Berkeley National LabIntegrated Building Solutions
Reference Model 

Actual Building & Equipment Data

+

-
Σ

• Energy dashboard

• Smart workspace

• Green awareness

• Real-time building 

energy simulation

• Database infrastructure

Sustainability 
Testbed

Sustainability 
Testbed
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Impact TechnologiesUC Berkeley and

Carnegie Mellon University

• Green awareness • Database infrastructure

• Model-based diagnostic software 

• Integrates NASA developed 

Hybrid Diagnosis Engine (HyDE) 

with Matlab / Simulink

Partner 
Technologies

Partner 
Technologies

• Wireless mesh sensor research

• Real-time distributed monitoring

• Mobility and sustainable design


