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2.67 billion people
By 2060, world population is expected to increase by about

Source: World Bank



2.75 billion people
By 2060, world urban population is expected to increase by about

Source: UN Population Division

absorbing the entire population growth estimate.



1.5 million people
are being added to cities worldwide.

Or, every week about

Source: UN Population Division



223 billion m2

Today, global building floor area is about  

Source: Global Status Report, GABC



230 billion m2

By 2060, global building floor area will increase by

or double the current worldwide building stock.

Source: Global Status Report, GABC
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reach ZERO emissions by 2050  

Peak CO2 emissions by 2020, and  
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Urban environments are responsible for 

75% of all human-produced global greenhouse gas emissions.

Source: UN Habitat, Paulson Inst., city data, etc.

New York City 71%

% emissions
CITY from buildings 

Seoul 63%

Boston 73%

London 60% - 78%

Washington DC 76%

Mumbai 60%

Beijing 53%

Copenhagen 76%

Chicago 71%
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Residential/Commercial Building Energy Consumption
Source: Multnomah County Greenhouse Gas Inventory (1990-2014) 
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Source: Energy Information Administration
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Source: Energy Information Administration
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(2001 - 2014)
Source: Building Energy Research Center Tsinghua University
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INDIA BUILDING ENERGY CONSUMPTION

(1980 - 2012)
Source: TERI Energy and Environment and Overview 2014/2015 

50

1985 2015  2010  2005  200019951990



Source: Architecture 2030, Adapted from EIA ïInternational Energy Outlook 2017 (biomass not included)

GLOBAL BUILDING SECTOR ENERGY CONSUMPTION BY FUEL TYPE

Quads (Quadrillion BTU) 
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Source: Architecture 2030, Adapted from IEA ïTracking Clean Energy Progress 2017     

Building Energy Codes

or codes



or codes

Africa

18.0

57.2
India

15.8
Southeast 
Asia15.6

North America

38.1
Western 

Europe

29.8

Eurasia

9.8

Japan
Korea 9.8

Australia
New Zealand

2.1

Latin America
Caribbean

19.3

Middle
East 8.0

Source: Architecture 2030; Global ABC, Global Status Report 2016     

Existing Building Floor Area(2015, Billion m2)

China

BUILDING STOCK



or codes

Building Floor Area Growth 2016 to 2030 (Billion m2)

Source: Architecture 2030; Global ABC, Global Status Report 2016     
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Africa

25.6

China

5.3
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Korea 0.2
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East 5.6

Building Floor Area Growth 2030 to 2050 (Billion m2)

Source: Architecture 2030; Global ABC, Global Status Report 2016     

BUILDING GROWTH



cities with emissions 

reductions targets:

Global Covenant of Mayors

9,149          



OPERATIONS

S
Worldwide zero-net-carbon building 

energy codes for commercial, 

institutional, and mid- to high-rise 

residential buildings and major 

renovations 



U.S. & InternationalZERO Code Standards

OPERATIONS

S
Worldwide zero-net-carbon building 

energy codes for commercial, 

institutional, and mid- to high-rise 

residential buildings and major 

renovations 





Prescriptive Path 

BUILDING ENVELOPE

HVAC

LIGHTING

Requirements for minimum 
building energy efficiency

Performance Path 
Modeled energy performance meets or exceeds 
the minimum building energy efficiency 
requirements

OTHER EQUIPMENT

ASHRAE 90.1 2016 
(minimum)

PNNL

COMcheck

Å Trade-Off Option

Å Prescriptive Req. MODELING

Å EnergyPlus

Å DOE - 2
Base

building

MEETING THE CODE



Meeting the

Prescriptive Path 

BUILDING ENVELOPE

HVAC

LIGHTING

Requirements for minimum 
building energy efficiency

Performance Path 
Modeled energy performance meets or exceeds 
the minimum building energy efficiency 
requirements

OTHER EQUIPMENT

ASHRAE 90.1 2016 
(minimum)

Estimated 
Energy Consumption

Creates a predictable and reliable
market for renewable energy. 

On-site and/or Off-site
Renewable Energy Required

Calculator



Implementing the

b.  Upgrade/Adopt Code:
ASHRAE 90.1 2016

1. Efficient Building
Energy Code Standard

a. Existing Code:
ASHRAE 90.1 2016 (min.)

2. Renewable Energy

a. Establish and adopt Renewable  
Energy (RE) requirements.

(Refer to the ZERO Code Renewable 
Energy Technical Support Document for 
guidelines on establishing on-site and 
off-site RE procurement requirements.)



ASHRAE 90.1 2016



ASHRAE 90.1 2016





U.S. Commercial + Mid to High Rise Housing 
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Zero Net Carbon 

ZEROCODE
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Energy Efficiency
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Renewables 

(40.2 kBtu/ft 2-yr)

ASHRAE 90.1 2010
TYPICAL OFFICE BUILDING

Cincinnati (CBECS 2003)

(91 kBtu/ft 2-yr)

CINCINNATI
100,000 ft2

Office Building
(10 story)

ENERGY CONSUMPTION

(29.4 kBtu/ft 2-yr)

ZERO Code
ASHRAE 90.1 2016



U.S. Commercial + Mid to High Rise Housing 
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TYPICAL OFFICE BUILDING
Cincinnati (CBECS 2003)

(91 kBtu/ft 2-yr)

PORTLAND
100,000 ft2

Office Building
(10 story)

Energy Efficiency

On-Site / Off-Site
Renewables 

Zero Net Carbon 

ZERO Code

(29.4 kBtu/ft 2-yr)

ZERO Code
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CINCINNATI
100,000 ft2 High School Building (2 story)

49.7 90.1-2010



Annual energy upgrade rate
(efficiency, renewables, electrification): 

Å 1.5% - 2% developing countries 

Å  2% - 3% developed countries 

Thousands
pledges, incentives, financing plans, programs

Efficiency upgrades 
of 0.5% - 1% of the existing building stock annually

POLICIES



Policies for Existing Buildings



Seattle, WA

2.8% of Seattle buildings (> 20k sf) produce 45% of building sector GHG emissions



Bronx

Queens

Brooklyn

Staten Island

Manhattan

2.7%of NYCôs buildings (> 50k sf) produce 48% of building sector GHG emissions

New York City



Long Beach

Less than 1% of Long Beach buildings (> 10k sf) produce 40% of building sector GHG emissions

Long Beach: Population 470,000,  1,463 buildings > 10k sf,  190,191 buildings < 10k sf



Los Angeles



Boston, MA



Minneapolis, MN



Phoenix, AZ



Philadelphia, PA


