b

B l----‘

e~

\ =

L o

W | R

- The CMU Intelligent Workplace CBPD Zoelly BCJ
o i s o O e ] M

Vivian Loftness, FAIA

University Professor & Paul Mellon Chair in Architecture
Center for Building Performance & Diagnostics, Carnegie Mellon University
LEED Fellow, Senior Fellow of the Design Futures Council, Scott Institute & New Buildings Institute




Accelerating Decarbonization NAS Committee

“The National Acadennis of

CONSENSUS STUDY REPORT

ACCELERATING DECARBONIZATION Fedferal actlon§ over the next ten year.s to put the US on
OF THE U.S. ENERGY SYSTEM a fair and equitable path to net-zero in 2050.

Sectors considered include CO,, transportation, electricity, industry,
buildings, and biofuels.

Not whether the nation should move to net zero, but how to get there.
Other GHGs, sinks created by forestry practices, and cropping practices
that enhance soil carbon are not discussed in detail.

This report is broadly compatible with recent announcements from the
Biden Administration. It was developed by an expert panel without
prior consultation with the Administration.

nap.edu/decarbonization
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Timothy C. Lieuwen, Georgia Institute of Technology Jennifer Wilcox, University of Pennsylvania
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2030 Technology Goals

Electrify energy services in \,\ Produce carbon-free electricity
transportation, buildings, and industry |=== Double the share of electricity generated
50% of vehicle sales EV by 2030, by carbon-free sources from 37% to 75%.

deploying heat pumps in 25% of residences.

Qo Expand the innovation toolkit

Improve energy efficiency and productivity Triple federal support for net-zero RD&D.

Total energy use for new buildings should be

duced by 50% by 2030, existing buildi
recuced by ° By existing bulldings _a. Plan, permit, and build critical infrastructure

reduced 3% per year from now. B

Industrial energy productivity (dollars of A\ Expand grid capacity and transmission lines
economic output per energy consumed) should by 40% to distribute renewables, establish
be increased from 1 to 3% per year. EV charging network, CO, pipeline network.
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2030 Socio-Economic Goals

m Strengthen the U.S. economy ‘{\3‘ Promote equity and inclusion
S ‘( Ensure equitable distribution of benefits,

Use the energy transition to accelerate US ®
innovation, reestablish US manufacturing,

increase the nation’s global economic

competitiveness, and increase the

availability of high-quality jobs.

risks and costs of the transition to net-zero.
Integrate historically marginalized groups
into decision-making.

Ensure entities receiving public funds
report on leadership diversity to ensure
non-discrimination.

f}% Support communities, businesses, and workers i- Maximize cost-effectiveness

Proactively support those directly and adversely
affected by the transition

The National Academies of
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Deep decarbonization requires immediate action

Fuel transformation / distribution
Large hydropower plant A
Nuclear power plant A
Coal-fired power plant A

Transmission and distribution networks A

Pipelines A
. . . Combined-cycle gas-turbine plant A
Actions required during the Oil efineries | &

Offshore wind turbines A

first ten years are robust to Onshore wind turbines | &
. . Solar photovoltaics A
the uncertainty about the final
End-use equipment
make-up of the energy system. Urban infrastructure s

Building stock A

Cement plant A
o A
Long-lived assets must be ol .

Aircraft 4
rep|aCEd by nEt'zero Manufacturing equi;:rrz:lnt A

Residential space heating and cooling

alternatives when they reach & smmbreil healif snd cooled

o o Refueling stations
the end of their life cycle. sl
Household appliances
Residential water heating
Consumer electronics
Light bulbs (fluorescent) | &
Office equipment ||A

A

0

Lifetimes of Energy Assets
(Adapted from IEA, 2020a)

>
>
>>>>>

Light bulbs (incandescent)

25 50 75 100 125 150 175 200 225 250

Lifetime range A Typical lifetime
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U.S. 2018 GHG Emissions by Sector

Created 2020 by Carnegie Mellon Center for Building Performance and Diagnostics, based on US data:
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks March 23, 2020

Both Electricity and Fossil Fuels Contribute to Greenhouse Gas Emissions.



Agriculture

9% Notan end-use

Commercial Sactor

7%

Residential
6% Electric power
27%

Transportation
28%

U.S. GHG emissions with
electricity as an end-use sector

Agriculture
11%

Building
32% Commercial
e 16%

Residential""u..
16% Transportation
28%

Industry
29%

U.S. GHG emissions with electricity
distributed to end use sectors

Building materials &

Agriculture
1%

Commercial

....... > Transportation
28%

U.S. GHG emissions with industry
production for building reassigned

Fully Assigning GHG Emissions to End Use Sectors for Decarbonization Policy & Action

Created 2020 by Caegie Mellon Center for Building Performance and Diagnostics, based on Inventory of U.S. Greenhouse Gas

Emissions and Sinks 1990-2018, US EPA; Rock at al., 2020

Electric Power is not an End-use Sector.
CO2 and GHG charts must be corrected to clearly reveal that 44% of the environmental challenge is in
building construction and operations, and then add in the impact of planning on transportation GHG.



Figure 10:Variation in Source Energy Use Intensity (EUI) Within Five Sectors
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Buildings are the sloppiest use of fossil fuel and electricity.
with demand reductions of 40% easily achievable by 2030 and 80% reductions in building energy use
demand (EUI) achievable by 2050, combining new and retrofit construction.
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AlA 2030 HOK 2018 pEUlI REDUCTION RESULTS
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2011 2012 2013 wemmm 2014 S 2015 S——— 2016 SN 2017 2018 eceee AlA Average == == = AIA 2030 Target

The building sector has demonstrated 60 -70% reductions in
new and major retrofit large buildings worldwide.

AlA 2030
Target 70%

2018 AIA

.: Average 46%
~  Reduction

2017 AIA
Average 44%
Reduction



Cost of abatement, Euro per tC02e
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Plug-in hybrid electric vehicles
Residential electronics
Residential envelope
Residential appliances
Residential HVAC
Tillage and residue mgmt
Residential insulation
Residential windows
Recycling materials

Gas plant CCS retrofit
Coal CCS retrofit
Iron and steel CCS new build

Coal CCS new build

Reduced intensive
agriculture conversion

Solar PV

Low penetration wind
Cars plug-in hybrid
Degraded forest reforestation
Nuclear
Pastureland afforestation
Degraded land restoration

Commercial insulation
Commercial lighting to LED
Residential lighting to LED
Commercial HVAC

Building efficiency
new build
Organic soil restoration
Grassland management
Reduced pasturland conversion

15t generation biofuels
Efficiency improvements other industry
Electricity from landfill gas
Clinker substitution by fly ash

Global GHG Abatement Cost Curve
Beyond Business-as-Usual: 2030

Source: McKinsey's Global GHG Abatement Cost Curve v3.0; BAU building
on Interational Energy AgencyWorld Energy Outlook 2010

The V3.0 curve presents an estimate of the maximum potential of all
technical GHG abatement measures below 60 Euro per tCO,e if each lever

_Other low cost levers (buildings and industry)
5 10 15 20

was pursued agressively.

25 30 35

Abatement potential, GtCO2e per year

Carbon reductions through building energy efficiency are
the lowest cost per ton with the highest return on investment
(http.//www.mckinsey.com)
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AEO 2019
/ Electric distribution
100 savings

Baseline Aviation efficiency Appliances and
9
5% 2% equipment

Improving freight movement 4% 12%
Reducing driving 5% Zero energy new commercial
buildings 8%
Truck and bus efficiency 7%
‘ Zero energy new homes 4%

i i
Car and light truck ‘ Smart buildings 4%
Smart homes 3%

90

80
B Appliances and equipment

H Zero energy buildings

70 m Smart buildings

Energy use (quads)

m Buildings retrofits

60 | mExisting buildings electrification

efficiency 11%
sy T
® Industrial efficiency Building retrofits 4%

Home retrofits 4%

50 u Vehicle efficiency
o ) o . Industrial emerging Existing building electrification 0%
. Efficiency case A
Driving, freight, and aviation technologies Existing home electrification 2%
o . 3

W Electric distribution savings 12% Industrial current

40 measures
2020 2025 2030 2035 2040 2045 2050 13%

Building energy and carbon goals can be met in the near term through strategic building investments.

Key number is to get to a demand reduction of 50 Quads per year by 2050
ACEEE 2019 report “Halfway There: Energy Efficiency Can Cut Energy Use and Greenhouse Gas Emissions in Half by 2050



Appliance and Equipment Efficiency

(Energy Star Standards and Low-Income Replacements)
5.6 Quads, 210 M MtCO2 reductions

2000

1800 + Power supplies

(kWh/home/yr)

1978 Cal Standard \
/ 1987 Cal Standard ’

1990 Federal /
Standard /

1993 Federal

1600 + .
Refrigerators

1400 - (kwh/unit/yr)

1200 +

P

1000 + 1980 Cal Standard

800

600

Average Energy Use per Unit Sold (kWh per year)

400

200

Next gen Energy Star: 70% of the savings coming from a dozen products:

residential water heaters, central air conditioners/heat pumps, showerheads, clothes dryers,
refrigerators, faucets, and furnaces, as well as commercial/industrial fans, electric motors,
transformers, air compressors, and packaged unitary air conditioners and heat pumps.




Zero Energy New Homes and Commercial Buildings

Standards and ARRA for Low-Income
5.7 Quads, 265 M MtCO2 reductions

70% energy savings relative to reference case efficiency levels,
with the remaining 30% coming from a mix of on-site or off-site renewable energy systems.



Smart Homes & Commercial Buildings — New and Existing

WPA Installation Program and FM Education
3.2 Quads, 125 M MtCO2 reductions

Cooling Season

ASHRAE Comfort Range in Cooling Season: 74-78 °F
0.5 Clo, RH 60%
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environmental surfing!
Measured 36% Too Cold

58% Dissatisfied

information and communications technology (ICT), access to real-time information, and smart algorithms to help
optimize energy-using systems (Elliott, Molina, and Trombley 2012) for residential and commercial BAS systems. A
simple example of an intelligent efficiency measure is a learning thermostat that monitors home temperature and
occupancy, weather, and other parameters and finds ways to improve heating and cooling system operation after
learning a household’s patterns (e.g., when people are home and which temperatures they like).



District & Combined Heat, Cooling and Power — New and Existing
4 Quads, 150 mTCO2/year

The potential of co- or poly-generation of power, heating, how water and cooling with district energy systems can reduce
emissions by 150 million metric tons of CO2 each year by installing new CHP plants with a total capacity of 40 GW by

2020 (Park et al 2019).



Existing Home and Commercial Building Envelope Retrofits

with local employment, equitable homes
3.8 Quads, 125 M MtCO2 reductions

Figure 1. Energiesprong project before (left) and after (right) renovation

Photos courtesy of Energiesprong (left) and Rocky Mountain Institute (right)

Retrofits that improve air tightness, envelope insulation, and window quality such as Home
Performance with ENERGY STAR can reduce energy use by 20-30% (Belzer et al. 2007;
Liaukus 2014). A study on 10 deep energy retrofits of federal buildings found average savings of
38%, with savings in individual projects ranging from 18-100% (Shonder 2014).8



Deeply Efficient Electrification of Space Heating and Water Heating

in Existing Homes & Commercial Buildings (in combination with renewables)
0.9 Quads (after measures above),76 M MtCO2 reductions

If high-efficiency heat pumps use
electricity from low- or no-carbon
generation, they can achieve substantial
energy savings as well as emissions
reductions. Converting to heat pumps at
the time an existing air conditioner,
furnace, or boiler needs to be replaced
will reduce operational costs, but first
costs need to be incentivized for a
transition to an all-electric future.
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Buildings have a critical role in electricity generation, peak load management & storage.

Distributed energy generation, peak load shifting, and heat/coolth/electricity storage



THE TRUTH

ABOUT

JOB CREATION

INVEST 1,000,000 IN THE FOLLOWING INDUSTRIES, YOU GET THIS MANY JOBS:
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evaluate for measuring inequality and inequity in urban systems

distrubutions of:

D
=

distance to
grocery stores

=R

exposure to
hazards

‘bads’

B e &

health risk

income

access to
recreation

‘goods’

transportation
reliability

etc.

*goods: where more of the quantity is desirable

*bads: where it is desirable to have less of the quantity

To demonstrate, we evaluate residents' distance to nearest grocery store

SRR
evaluate subgroups
2 4m (e, demographics)
= black « enabling equity
g analysis
[} 3 <—J
£ everyone
N
0
g 2
wn
8 compare alternative
£ 1 scenarios
(e.g, different cities,
changes over time,
0 different interventions)
] T 0 b = & ] © ) £
T ¢ o ¢ € 0 5 & € 0
1} 1] © - T -
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$ £ e 2 3 o s © o 0
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Focused attention on decarbonization of the built environment yields equity, resiliency and health.

Logan, T., Anderson, M., Williams, T., and Conrow, L. “Measuring Inequality in the built environment: an approach for evaluating the distribution of amenities and
burdens”. Computers, Environment and Urban Systems.



“The University of Texas at Austin will reduce
energy consumption at the building level by an
average of 20% per square foot per degree day by
August 31, 2020 using 2009 as the base year. “

2% a year over 40 years will get to net zero.
Cockrell Engineering Building

UT Austin
ENNEAD Architects



CONSENSUS STUDY REPORT

ACCELERATING DECARBONIZATION
OF THE U.S. ENERGY SYSTEM

Download the report and report resources at
nap.edu/decarbonization

Subscribe for updates on the study website at
nationalacademies.org/decarbonization

Join the conversation on twitter with #USDecarb
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