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Buildings can be part of the
solution.



@ What is Passive Building?
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The Transition to a Renewable Future

Requires Systems Level Thinking

How do the decisions at this scale... Impact the decisions at this scale?
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A bit of Background on
Grid-Electricity



“The biggest machine on earth”
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GENERATION RESOURCES

U.S. electricity generation by source, all sectors
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SEASONAL LOAD PROFILES ON GRID

General daily patterns / grid loads are predictable, variability is mostly based on space conditioning loads.

“Peaking Load” Power WINTER Power SUMMER

Natural gas “peaker plants” YEwE demand
Hydro \
ﬁﬁ\
_/intermediate \.

“Load Following”
Naturalgas CC
Some renewables

intermediate

base load base load
“Baseload”
Coal
Nuclear
Some reneWObleS Timenfday’ Timenfday

“Baseload power is mostly
constrained to a constant output



Electricity Generation Sector — Load Duration Curve
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@ Meeting the Electric Load
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Electricity Generation Sector - Scheduling
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New England ISO - February 24, 2020
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THE GRID IS CHANGING

DECENTRALIZATION

Makes customers active
elements of the system, though
requires significant coordination

r Il I I B B S .
| Key technologies: I

energy efficiency, |
| solar PV, distributed |
| storage, microgrids,

demand response, l
N 8 N N B B |

ELECTRIFICATION

Critical to long-term carbon
goals and will be a relevant
distributed resource

Key technologies:
Electric vehicles,
vehicle to grid/home,
smart charging, heat

pumps

Key technologies:
Network technologies

(smart metering, remote
control and automation

systems, smart sensrs)

DIGITALIZATION
and beyond the meter

Allows for open, real-time, (optimization and
automated communication and aggregation platforms,

operation of the system smart appliances and
devices, IoT)
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California ISO (CAISO) - February 24, 2020
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California ISO (CAISO) - February 24, 2020
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CalifornialSO (CAISO) - February 24, 2020
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@ THE GRID IS CHANGING

Electrifying heating systems in
buildings will shift the grid
peak to the winter.

Dispatchable fossil fueled
generationresources are
being replaced with variable
renewable energy resources.

The grid is digitalizing,
allowing buildings to respond
to grid signals and support
more variable resources.

The total load is increasing
from electrification of
buildings and cars.
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@ THE GRID IS CHANGING

Electrifying heating systems

in buildings will shift the grid
peak to the winter.

Dispatchable fossil fueled
generationresources are
being replaced with variable
renewable energy resources.

The grid is digitalizing,
allowing buildings to respond
to grid signals and support
more variable resources.

The total load s increasing
from electrification of
buildings and cars.
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@ THE PEAK IS CHANGING: WINTER IS COMING

Electrifying heating systems in buildings will shift the grid peak to
the winter.

Winter Day Load Winter Day Load
Typical New Building Passive Building
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@ 3 Typical Building Winter Peaks

Winter Day Load — with coincident peaks 12 ““m """"""

Building 1 Building 2 Building 3 Grid Load




@ 3 Passive Building Winter Peaks

Winter Day Load — with coincident peaks

Building 1 Building 2 Building 3 Grid Load




@ 3 Passive Building Winter Peaks

Winter Day Load — with load shifting

Passive building enclosure acting as thermal storage.

Building 1 Building 2 Building 3 Grid Load
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@ Why this matters

Passive building reduced winter peak load by a factor of 3.

This peak determines the grid capacity needed.

A If you consider planned redundancy, 3x reduction in peak is more like a factor of 6 to 7.
A Grid capacity needed is directly correlated with the cost of transition to renewable
energy grid.

Peaks are often met with the most expensive and high
carbon-emission generation resources.

A And likely will continue to during the transition to a renewable energy grid, due to their
responsiveness and compatibility with intermittent generation sources.
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CASE STUDY PROTOTYPE - PEAK SHAVING

Single Family building

Location: Minneapolis, MN

5 occupants, ~1,800 sf

All Electric — Elec resistance heating only
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Hourly Daily Monthly Heatmap Profile Statistics PDF / CDF Duration curve Scatter
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Hourly Daily Monthly Heatmap Profile Statistics PDF/CDF Duration curve Scatter
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@ THE GRID IS CHANGING

Electrifying heating systems in The gridis digitalizing,
buildings will shift the grid allowing buildings to respond
peak to the winter. to grid signals and support

more variable resources.

Dispatchable fossil fueled

generation resources are The total load s increasing
being replaced with variable from electrification of
renewable energy resources. buildings and cars.
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CHALLENGES OF RENEWABLE ENERGY INTEGRATION
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export excess power
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GRID IMPACT - ‘NET ZERO’ CASE STUDY PROTOTYPE

Multifamily Building — DOE Prototype
Location: Chicago, IL

32 units, 96 occupants, ~35,000 sf iICFA
All Electric

Two ‘Net Zero’ buildings studied:

1. Baseline “Renewable Oriented” (code compliant):
290 kW PV Array
All south facing, 10 degree tilt

2. Passive building (Phius certifiable):
159 kW PV Array
All south facing, 10 degree tilt



Baseline building

Yearly Profile: Building Load vs Renewable Energy Production
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Hourly PV Production
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Daily Loads & PV Production

[ ]
Winter & Summer
January 15 - Daily Profile January 15 - Daily Profile
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@ In Reality...

“Net Zero” %g “Zero Impact”

Only about ~35% coincident production-and-use of on-site PV.
The grid must cover the rest.

Reducing the annual load reduces dependency on the grid to cover the
remaining load.

The marginal emissions at the time of renewable energy production may be
different than when the building is using grid energy.
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@ Net Load on Grid/Ramping Analysis

Community Scale - 1000 Multifamily Buildings
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