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1992 to 2010:

A 1,333 significant US electric
grid disturbances occurred
In the United States

A 78% of them being weather
related

A Affected more than 178
million metered customers
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Cause

% of events

Mean size
in MW

Mean size
In customers

Type

Impact
Region

Predictability

Span/area

Affecting
time

Earthquake

0.8

1,408

375,900

Tornado

2.8

367

115,439

Hurricane/tropical storm

4.2

1,309

782,695

Hurricane,
tropical
storm

Coastal
regions

24-72
hours,
moderate
to good

Large
(radius up
to 1,000
miles)

Hours to
days

Ice storm

5.0

1,152

343,448

Lightning

11.3

270

70,944

Tornado

Inland
plains

0-2 hours,
bad to mod-
erate

Small (ra-
dius up to
5 miles)

Minutes
to hours

Wind/rain

14.8

793

185,199

Other cold weather

5.5

542

150,255

Fire

5.2

431

111,244

Blizzard,
Ice Storm

High lat-
itude re-
gions

24-72
hours,
moderate
to good

large, up
to 1,000
miles

Hours to
days

Intentional attack

1.6

340

24,572

Supply shortage

3:3

341

138,957

Other external cause

4.8

710

246,071

Earthquake

Regions
on fault
lines

Seconds to
minutes,
bad

Small to
large

Minutes
to days
(after-
shock)

Equipment failure

379

57,140

Operator error

489

105,322

Voltage reduction

153

212,900

Tsunami

Coastal
regions

Minutes
to  hours,
moderate

Small to
large

Minutes
to hours

Volunteer reduction

190

134,543

Drought,
Wild Fire

Inland
regions

Days, good

Medium to
large

Days to
months




NYC Manhattan Outages
post Hurricane Sandy
2012

Many places left without
power for > 5 days
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conditions when sources such as electricity,
water, or heating fuel are cut off.

- Alex Wilson, 2005
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L { | w THemal Environmental Conditions for Human Occupan:
Standards5-2004

Indoor Summer Comfort Range:°F& 83°F

Indoor Winter Comfort Range: 8¢ 79°F

Acceptable for naturally ventilated spaces: $0c 93°F

Homeothermy:form of temperature regulation used by humans, where the body
maintains the same internal core temperature (9%:5 regardless of external influences.
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conditions when sources such as electricity,
water, or heating fuel are cut off.



Metrics for passive survivability
Core body temperatures shown below.
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Metrics for passive survivability
Interior/room temperatures shown below.
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PASSIVE SURVIVABILITY

Determine resilience design week

Model worst case unit of multifamily buildings\MUFIplus
Simulate 5day outages on worst case units

Note interior conditions
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Overview of 8 Unique Building Types

ASHRAE 90
PHIUS+ 201
ASHRAE 90
PHIUS+ 201
ASHRAE 90
PHIUS+ 201
ASHRAE 90

WOOD FRAMED CONSTRUC
20% WWR

ICF/CONCRETE CONSTRUC

WOOD FRAMED CONSTRUC
60% WWR

ICF/CONCRETE CONSTRUC

DN~ [W[IN]|F

PHIUS+ 201
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1) Window to wall ratio
20%, 60%

2) Building Performance Standards
ASHRAE 90.1, PHIUS+ 2015

3) Construction Types / Thermal Mass
Wood-framed, concrete/insulated concrete forms

4) Orientation of units
Southwest, Northeast

14
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8 Unique Building Tvpes

Main Characteristics

Window to Wall Ratio 20% WWR 60% WWR
Construction Type WOOD FRAMED CON ICF/CONCRETE CONWOOD FRAMED CON ICF/CONCRETE CON
Performance Standard ASHRAE 90|IPHIUS+ 201pASHRAE 90|IPHIUS+ 201bASHRAE 90({IPHIUS+ 201pASHRAE 90/IPHIUS+ 201
Wall R13+7.5ci| R22 + 8ci R13.3 ci R24 ci R13+7.5ci| R22 + 8ci R13.3 ci R32 ci
Opaque Roof R49 Attic R49 Attic R3O Ci R36 o] R_49 Attic R49 Attic R30 Ci R36 ci
Building | Floor Slab | Uninsulated| Uninsulated| Uninsulated| Uninsulated| Uninsulated R4 Slab | Uninsulated R4 Slab
Envelope Perlmeter Insulatlon. R20 for 24" N/A R20 for 24" N/A R20 for 24" N/A R20 for 24" N/A
Spec['gcTE;f‘zt_(F:]apac” 11 (Lightweight) 23 (Mixed) 11 (Lightweight) 23 (Mixed)
Operability All operable
Windows SUH\(Z; (glﬁi;gy) 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.2
-Value,
Window [BTU/hr ft2.F 0.46 0.25 0.46 0.25 0.46 0.28 0.46 0.28
: Interior Blinds 80% (20% shaded)
Shading . .
Site Shading 80% (20% shaded)
CFM75/ft2 0.4 0.08 0.4 0.08 0.4 0.08 0.4 0.08
Infiltration CFM50/ft2 0.31 0.05 0.31 0.05 0.31 0.05 0.31 0.05
ACH50 1.95 0.32 1.95 0.32 1.95 0.32 1.95 0.32




SILE ENERGY

ANNUAL SITE ENERGY (KWH/YR)

m Miscellaneous loads ' Lighting M Large appliances ® Auxiliary energy/fans = Hot water M Space cooling M Space heating
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ASHRAE 90.1, PHIUS+ 2015, ASHRAE 90.1, PHIUS+ 2015, ASHRAE 90.1, PHIUS+ 2015, ASHRAE 90.1, PHIUS+ 2015,
20% WWR, 20% WWR, 60% WWR, 60% WWR, 20% WWR, 20% WWR, 60% WWR, 60% WWR,
wWOoQOD WOOD WOOD wOoQOD CONCRETE CONCRETE CONCRETE CONCRETE
FRAMED FRAMED FRAMED FRAMED
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A32 dynamic simulations

ASimulate outage during-5
day resilience design
week

Cover all
combinations of:
- 8 buildings

- 2 unit locations
- 2 seasons



