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Joshua New, Ph.D., C.E.M. 
• Career 

– 2009+ Oak Ridge National Laboratory, R&D staff 
• ETSD, Building Technology Research & Integration Center (BTRIC), 

Building Envelope & Urban Systems Research Group (BEUSR) 

– 2012+ The University of Tennesee, Joint Faculty 

• Education 
– The University of Tennessee, (2004-2009), Knoxville, TN 

Ph.D. Computer Science. 
– Jacksonville State University, AL (1997-2001, 2001-2004) 

M.S. Systems&Software Design, B.S. Computer Science, 
Mathematics and Physics minor. 

• Professional Involvement 
– IEEE, Senior Member 
– ASHRAE, defines international building codes 

• TC1.5, Computer Applications, Voting member and officer 
• TC4.7, Energy Calculations, Voting member and officer 
• TC4.2, Climatic Information, Voting member and officer 
• SSPC169, Weather Data for Building Design Standards (24% 

of page count of building code), Voting member 
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40 Years: Energy and Quality of Life 
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A brief history of energy and life quality 
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Sustainability is the defining challenge 

• Buildings in U.S. 
– 41% of primary 

energy/carbon 73% 
of electricity, 34% of 
gas 

• Buildings in China 
– 60% of urban 

building floor space 
in 2030 has yet to be 
built 

• Buildings in India 
– 67% of all building 

floor space in 2030 
has yet to be built 
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US Energy Consumption 
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Energy Consumption and Production 
Commercial Site Energy 

Consumption by End Use 

Buildings consume 73% of the nation’s electricity 

130 million U.S. buildings 
$435 billion/yr energy bills 

 
Goal of the DOE Building 

Technologies Office: 
30% energy reduction by 2030 

compared to 2010 baseline 

Building Energy Modeling – building 
descriptions + weather = estimated 

building energy consumption 
 

$9B/yr – ESCO; $7B/yr – utility EE 
$14B/yr – DR management systems 
0.3% modified, BEM < 10% of those 

45% Buildings 
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ASHRAE Climate Zones 

• Based on 
weather 
stations, most 
w/ 18+ yrs of 
quality data 
(1961-1990) 

Updated every 4 years (2021) 
Climate Zone 0 (extremely hot): 
   10,800 < CDD 50°F 
   Int’l Energy Conservation Code (IECC) 
      adopts for 2018 code 
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ASHRAE Design Conditions 
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Purpose of the work 

• Open Questions: 
– What would scientifically-defined CZs look like? 
– What is the difference between current CZs and today's climate? 
– What about the changing climate? 

 
• Objectives: 

– Statistical, multivariate definition of CZs 
– Assessment of ASHRAE's CZs for the contemporary climate 
– Impact of CZ differences using advanced scientific data 

• High-resolution weather data 
• IPCC climate models 
• Building density 
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Redefine CZs using model data 
• Resolution: 2 km x 2 km grid cells 
• Extent: Continental United States 
• Present Conditions (1950-2000): WorldClim 
• Future conditions (2050, 2100): PCM and Hadley GCMs; for 

multiple scenarios (IPCC AR4 A1FI, B1) 

• 12 energy-related variables 
• Temperature 
• Humidity 
• Radiation 
• Elevation 
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Clustering and Similarity 

• Similarity/Dissimilarity: Euclidean distance of any location (Pj) from the 
mean climatic condition (Pi) of its Climate Zone. 
 
 
 

• where, = 1-12 (climate variables), 
• Pi,j = climate conditions at point j , 
• P= mean climate state for the zone 
• Assumption: Building codes are designed for mean climate conditions for 

the zone. 
• Desired: Optimal clustering of grid cells so that cell locations within a 

zone are maximally similar to the mean climate conditions for the CZ 
(Lower the Euclidean distance in multi-variate space the better). 
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Data-derived CZs and assessment 
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Make it accurate where the buildings are 
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Building-adjusted CZ improvement 
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What about the future? 

• Buildings are designed for 30-100 year life span 
• BUT our climate zones are based on historical climate data 
• What's the applicability of these zone for predicted climate 

change future scenarios? 
• Can we use our best understanding of predicted climate to 

design these zones not for the present but for the future? 
– Current plan is to redefine climate zones in 2021 to account for 

climate change by extrapolating historical trends, rather than using 
the latest climate models 
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Why does it matter? 

Source: https://www.nasa.gov/sites/default/les/thumbnails/image/2016temperature.png 
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Why does it matter? 

Definitions, analysis, and standards around weather data for buildings: 
Typical Meteorological Year (TMY) 
Actual Meteorological Year (AMY) 
Future Meteorological Year (FMY) 

eXtreme Meteorological Year (XMY) 
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Why does it matter? 

• As the climate changes, overall 
cooling demand will increase while 
the heating demand will decrease. 

• Under a +3.7 C scenario by 2100, 
the worldwide reduction in heating 
energy demand due to climate 
change may reach 34% in 2100, 
while cooling demand may increase 
by  70% (IPCC AR5). 

• Extremes are worse – equipment 
sizing, comfort, and death 
prevention become more 
challenging 

• Electrical grid resiliency and 
buildings-to-grid impacts are 
not well understood 
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Climate Change Impacts 
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Future work 

• What data sources should be leveraged? 
• What climate variables should be included (or dropped)? 
• What other (e.g. political) variables should be included? 
• What weightings should be given each variable? (e.g. sensitivity 

analysis-informed study of impact to building energy consumption?) 
• How does this shift with climate change? 
• What building, or building component, lifetimes should CZs be optimized 

for? 
• How could the nation's energy security and infrastructure resiliency be 

improved by incorporating future scenarios into policy and the built 
environment? 

• How much energy and $ could be saved by having a forward-
looking climate policy? 
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Model America - calibrated model for every US building 



• Database and image sources for urban model generation 
– Satellite and airborne imagery 

– Cartographic data 

– Ground level images 

 

– Elevation data 

– Building information databases 

– 3D building model databases 

 

 

 

 

Data Sources 



Manual Segmentation of DC 



Automatic Road Extraction 



Automatic Building Footprint Extraction 

Algorithm: Deep Learning extended and using GPUs for fast building footprint and area 
extraction over large geographical areas. 

Multi-company Competition Precision/Recall – 30/35;  Current Precision/Recall – 60+/60+ 



Automatic Building Footprint Extraction 

Portland, OR (25,393 m²) 
Imagery: June – July 2012 
Lidar: September 2010 

Part of Knox County, TN (18,527 m²)  
Imagery: June 2012 
Lidar: October 2014 

Frankfort, KY (14,801 m²) 
Imagery: June 2012 
Lidar: June 2011 

• 220,005 NAIP images 
• 1 meter multispectral 
• 2012-2014 
• 5.8 TB compressed 
• 9.8 trillion pixels 
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Processing Street-Level Imagery 



Prototype Buildings 



Oak Ridge National Laboratory 

4500N 4020 4500S 

4512 6000 6008 



Oak Ridge National Laboratory (interactive) 



The University of Tennessee (2 days) 



Chattanooga, TN (100,000+ buildings) 



1) Benchmark – understanding existing energy consumption associated 
with existing and projected building infrastructure is an important first step to 
plan for retrofit reductions and offset measures. 
 
 

2) Reduce – using expertise in existing building energy modeling, retrofit 
libraries are applied to prioritize energy conservation measures, leading to 
large-scale reductions in demand across the city, and phase strategies for 
more efficient energy supply. 
 
 
3) Offset – for remaining carbon emissions, we apply strategic workflows 
and toolsets to evaluate new forms of energy generation. 

A unique process focused around three steps… 
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