
SUSTAINABILITY TRACK
Session 6



Sustainable Building Technologies
for a Carbon Conscious World

Harvey Bryan, Ph.D., FAIA, LEED-AP
Professor

School of Architecture 
School of Sustainability
Arizona State University



The Building Sector’s CO2
Mitigating Potential for 2030



After: James Woods

ASHRAE 90 Over the Last 30 Years



How Low Can We Go



Setting Targets and Benchmarks

• EO 13423 & EISA – 30% better than ASHRAE 
90.1-2004 (now)

• ASHRAE 189 – 30% better than ASHRAE 90.1
2007 (now to 2011)

• Architecture 2030 – 50% better than Average 
US Stock (now), 100% better or Zero Net 
Energy by 2030

• California AB32 – Zero Net Energy by 2030



Architecture 2030

Year Percentage Energy Reduction

Today 50
2010 60 
2015 70
2020 80
2025                             90
2030 100 (Carbon Neutral)



California PUC’s Application of AB32 to Buildings

Grueneich, 2008



Average CBECS

50% CBECS

93

EPA Has Modified the CBECS Database



Example Building for this Case Study

• 21,000 square foot office building
• Located in Washington D.C. (ASHRAE

Climate Zone 4A)
• 50 person occupancy
• 50 hours per week operation
• Envelope performance, internal loads and 

HVAC efficiency are dependent on the 
version of the code used



EPA Target Finder



EPA Target Finder



EPA Target Finder



Energy Modeling



EUI for Small Office Building – Zone 4A

33.83-0.3327.766.40189

41.08036.624.4690.1-2007

33.30026.316.9950%
CBECS

66.60052.6213.98Ave. 
CBECS

TotalRenewablesElectricGasScenario

Units: EUI (kBtu/ft2-yr)



CUI for Small Office Building – Zone 4A

13.37-0.1512.770.75189

17.36016.840.5290.1-2007

12.92012.100.8250%
CBECS

25.83024.201.63Ave. 
CBECS

TotalRenewablesElectricGasScenario

Units: CUI (lbs-CO2/ft2-yr)



Proposed Sustainable Building Technologies

• 25% of the electricity usage from Solar PV



Proposed Sustainable Building Technologies

• Solar Thermal for space and DHW needs



Proposed Sustainable Building Technologies

• Advanced Daylighting Devices



Proposed Sustainable Building Technologies

• LED Lighting and Controls



Proposed Sustainable Building Technologies

• Advanced HVAC Equipment



Proposed Sustainable Building Technologies

• Radiant Heating & Cooling



Proposed Sustainable Building Technologies

• On-site Generation of Electricity



Proposed Sustainable Building Technologies

• 25% of the electricity usage from Solar PV
• Solar Thermal for space and DHW needs
• Advanced Daylighting Devices
• LED Lighting and Controls
• Advanced HVAC Equipment
• Radiant Heating & Cooling
• On-site Generation of Electricity
• Combination Scenarios (the red technologies)



CUI for Small Office Building – Zone 4A

4.46-6.6810.350.79Combination Scenarios1,2,3,4

6.60006.60On-Site Generation

11.27-0.1511.040.38Radiant Heating & Cooling4

13.04-0.1512.480.71Advanced HVAC

11.57-0.1510.930.79LED Lighting & Controls

9.93-2.9412.080.79Daylighting3

12.96-0.5612.770.75Solar Thermal Heating2

10.19-3.3312.770.7525% Solar Electric1

13.37-0.1512.770.75189

17.36016.840.5290.1-2007

12.92012.100.8250% CBECS

25.83024.201.63Ave. CBECS

TotalRenewablesElectricGasScenario

Units: CUI (lbs-CO2/ft2-yr)



Carbon Performance Standard (CPS) 2008



Conclusion

• 4.46 lbs-CO2/ft2-yr is a 65% reduction from 50% CBECS.  
To move to ZNE or carbon neutrality we could increase 
the contribution of on-site solar electric (to 50%) or 
purchase off-site renewables.

• 2030 is 22 years away, undoubtedly there will be 
numerous technological advancements that will help this 
building move to ZNE or carbon neutrality in a cost 
effective way.

• Moving toward ZNE or carbon neutral buildings can be 
achieved. Architecture 2030 or California’s AB32 are 
achievable. 



Thank You
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Don’t forget to fill out and drop off your session 
evaluations!


