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Hawaii
100% renewable 

power by 2045

Rise of Renewables - States 

California
50% renewable 
power by 2030

New York
50% renewable 
power by 2030

Oregon
50% new renewables by 2040

80% total renewables by 2040 



Cities with Renewable Pledges in 2016

San Diego
by 2035

San Francisco
by 2030 Palo Alto

100%

Grand Rapids
by 2020

Georgetown
by 2017

Aspen
100%

Burlington
100%

Greensburg
100%

Source: Business Insider 

Rochester
by 2031



Cities with Renewable Pledges in 2017

San Diego
by 2035

San Francisco
by 2030

Palo Alto
100%

Grand Rapids
by 2020

Georgetown
100%

Aspen
100%

Burlington
100%

Greensburg
100%

Source: Business Insider 

Rochester
by 2031

Sarasota
by 2045

Columbia
by 2036

Santa Barbara
by 2030

Pittsburg
by 2035

Atlanta
by 2035

South Lake 
Tahoe
by 2032

Abita Springs
by 2030

Pueblo
by 2035

Moab
by 2035

Portland
by 2050

Kodiak 
Island, AK

100%

Rock Port
100%

As of June 22nd 2017, 36 US 
cities have committed to 

100% renewables

Taos Ski Valley
by 2030

Taos 
by 2030

St. Petersburg

Southampton
by 2025

San Jose
by 2022

Salt Lake City
by 2032

Red River
by 2030Questa

by 2030

Park City
by 2032

Montery
by 2040

Madison

Hanover
by 2050

East 
Hampton

by 2030

Eagle Nest
by 2030Del Mar

by 2030

Cambridge
by 2035

Boulder
by 2030

Angel Fire
by 2030



Net Zero Energy: PAE Projects

Georgia Tech 
Atlanta, GA

Achieved

Pursuing

Osage Nation
Pawhuska, OK

Confidential Project
Montana

Rocky Mountain 
Innovation Center

Basalt, COCorn Creek 
Visitor Center
Las Vegas, NV

Conrad N Hilton 
Foundation

Agoura Hills, CA

EWU Sustainability Center
Cheney, WA

Bullitt Center
Seattle, WA

Desert Rain 
Residence

Bend, OR

Karuna House
Zenger Farms

Portland, OR

Sokol Blosser Winery
Dundee, OR

Oregon Zoo Educational 
Center

Portland, OR

Golden Gate Park 
Tennis Club

San Francisco, CA

Presidio Park
San Francisco, CA

Alcatraz Landing 
Renovation

San Francisco, CA



The Bullitt Center
Seattle, WA

Architect: The Miller Hull Partnership







Add PAE Office image



Net Zero Energy in Seattle

Energy Use + Solar Budget



Architect: Miller|Hull

Bullitt Center

HVAC System Overview 



Bullitt Center Performance

Actual EUI ~ 12 kBTU/SF/yr,  lower than Modeled EUI of ~ 16



2007

Reduction Plug Loads



2017

Reduction Plug Loads



Plug Loads

Progression of PAE Computer Energy use



“Negawatts”



1. Tenants pay for 
Baseline 

2. Measure the saved 
energy with a meter

3. Buy and sell it 
through PPA just 
like generation

MEETS Concept

Authorized for use by MEETS AC licensees by EnergyRM 05-09-2014

DeltaMeter®

MEETS Concept

Metered Energy Efficiency Transaction Structure 



Predicted vs. Actual

Bullitt Center Performance
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Predicted vs. Actual

Bullitt Center Performance
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Bullitt Center Performance



Results



Authorized for use by MEETS AC licensees by EnergyRM 05-09-2014

MEETS Benefits



Financial Considerations

Direct Construction Costs

$350 / SF
Includes City infrastructure 
improvements and costs 

associated with the PV array.

$265 / SF
Does not include PV, water 

system, or city infrastructure 
improvements.





RMI Vision

RMI’s vision is a world thriving, 
verdant, and secure, for all, for 
ever.





Rocky Mountain Institute Innovation Center
Basalt, CO

Architect: ZGF Architects



Rocky Mountain Institute Innovation Center
Basalt, CO

Architect: ZGF Architects











Climate
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Thermal Comfort



Thermal Comfort in the News
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ASHRAE Scale of Thermal Sensation 

3 HOT

2 WARM

1 SLIGHTLY WARM

0 NEUTRAL

-1 SLIGHTLY COOL

-2 COOL

-3 COLD
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Thermal Comfort Theory



Room Data Sheet

2nd Floor Open Office (as designed)



As Designed

1. Upper boundary is based 

on the Elevated Air Speed 

Model, ASHRAE Standard 

55-2013 Appendix G

2. Lower boundary is based 

on implementation of the 

CBE Personal Comfort 

System
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CBE Thermal Comfort Tool

http://smap.cbe.berkeley.edu/comforttool
http://smap.cbe.berkeley.edu/comforttool


Controlling Peak Loads



Simplified model to examine:

− Energy Use

− Peak Loads

− Comfort 

Earliest Modeling



Heating
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Cooling
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Cooling
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Personal Comfort - Hyperchair



Personal Comfort



Capture the Heat



Expected Energy Use



Breakdown of Plug Loads

65

Task Lights
4% HyperChairs

4%
Printers

5%

Desktops
7%

Monitors
8%

Video Conference
32%

Apple Laptops
13%

Kitchen Appliances
13%

Other
14%

June 2016 (kWh)



Results: Actual Performance
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Actual EUI is 15.9 kbtu/ft2/yr, lower than modelled EUI of 17.2 kbtu/ft2/yr
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Key Findings – Occupant Surveys



DC Power and Storage

RMI, Georgia Tech, and Confidential Project



What Happened?



Direct Current



Plug Load Losses



Ahead of Our Time?



AC + DC Distribution

DC Distribution



USB - C



Current Requirements:
− Peak shaving
− Test demand response 

scenarios, including rate 
structures

Future Requirements:
− Islanding
− Integration with bi-

directional electric 
vehicles

− DC distribution

RMI Battery System



Installed!



Battery Performance

77

− Goal was to keep peak demand below 50kW to avoid peak 
demand charges

− Most of the time below 10 kW
− Performance tests held under 10kw “demand peak”



Demand Charge Avoidance – Geli Study moving RMI 
to California

Geli Case Study



Traditional PV/Storage - RMI

Separate Inverters



Shared DC Bus PV/Storage – Georgia Tech 

Shared Inverter



Shared DC Bus PV/Storage – Confidential Project

PV Panels

Battery 
Storage

Utility

DC – DC 
Converter

DC – AC 
Inverter/Rectifier

380v DC 380v DC
24v DC

48v DC

380v DC Distribution Panel

DC – DC
Bi-
directional 
Charger 
(Future)

Electric car

Lighting Controls

Power over Ethernet

IT Server 
Equipment

Lighting

Lighting Controls

Laptop

Lighting

Phones

DC USB-C
Combination 
Outlet

24v DC

Ceiling Fans Underfloor 
Terminals



Shared DC Bus PV/Storage – Confidential Project

PV Panels
Battery 
Storage

Utility

DC – AC 
Inverter/Rectifier

DC – DC 
Converter

380v DC Distribution Panel



Shared DC Bus PV/Storage – Confidential Project

380v DC

48v DC

Lighting Controls

Power over Ethernet

IT Server 
Equipment Lighting



Shared DC Bus PV/Storage – Confidential Project

380v DC
24v DC

Lighting Controls

Laptop

Lighting

DC USB-C
Combination Outlet

24v DC

Ceiling Fans Underfloor 
Terminals

Phones



Shared DC Bus PV/Storage – Confidential Project

DC – DC
Bi-directional 
Charger (Future)

Electric Car



RMI



Creating a better 
environment 

Paul Schwer PE, LEED AP
paul.schwer@pae-engineers.com



• By the numbers

DESIGN TARGET UNITS EXISTING (U.S.) BETTER BEST PRACTICE RMI DESIGN

Delivered energy intensity kBTU/sf-y 90 40-60 <30 17.2
Lighting power density: connected load W/sf 1.5 0.8 0.4-0.6 0.49
Lighting power density: as-used net of controls W/sf 1.5 0.6 0.1-0.3 0.27

Installed computers/appliances/tasklighting W/sf 4-6 1-2 <0.5 0.88
Glazing R-value (center of glass) sf-F°-h/BTU 1-2 6-10 ≥20 12
Window R-value (including frame) sf-F°-h/BTU 1 3 7-8 6.5

Glazing spectral selectivity* kₑ = Tvis /SC 1.0 1.2 >2.0 1.5-2.3

Roof solar absorptance and infrared emittance α, ε 0.8, 0.2 0.4, 0.4 0.08, 0.97 N/A, PV Covers Roof
Whole-building airtightness cfm/sf @ 0.3" w.g. 1.0 0.4 <0.25 0.20

Installed mechanical cooling sf/ton 250-350 500-600 1,200-1,400+ None

Cooling design-hour efficiency** kW/ton 1.9 1.2-1.5 <0.6 0.00
Level of installed perimeter heating - extensive minimal none minimal

*A measure of how well the glacing lets in light without heat

**Whole system, including pumps, fans, and cooling towers as well as chillers

ADDITIONAL DESIGN TARGET ITEMS

Wall R-value sf-F°-h/BTU R-50

Roof R-value sf-F°-h/BTU   R-67 
1

Window to wall ratio % 26%

Heat recovery effectiveness % 90% (Winter)

Installed mechanical heating BTU/h-sf 7.5 BTU/h-sf

1. Individual roof sections vary between R-40 and R-80 for different shapes and constructions.  This value represents an area-weighted average. 

This table (except for the "Additional Target Items") is from a Book entitled "Re-inventing Fire: Bold Business Solutions for the New Energy Era" by 

Amory Lovins (2011).  It is Table 3- "Benchmarking a New U.S. Office Building"  (p. 108).   These targets were developed by the Rocky Mountain 

Institute and are typical of a new midsize -to-large Class A office in an average US climate like the Mid-Atlantic states.


