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WEATHER RELATED POWER DISRUPTIONS
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1992 to 2010:
Á 1,333 significant US electric 

grid disturbances occurred 
in the United States

Á 78% of them being weather 
related

Á Affected more than 178 
million metered customers 
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NYC Manhattan Outages 

post Hurricane Sandy 

2012

Many places left without 

power for > 5 days

Picture Courtesy of New York Magazine
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Hurricane Florence

Sept 2018, North Carolina



PASSIVE SURVIVABILITY
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! ōǳƛƭŘƛƴƎΩǎ ŀōƛƭƛǘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƭƛǾŀōƭŜ 
conditions when sources such as electricity, 
water, or heating fuel are cut off.

- Alex Wilson, 2005



!{Iw!9Ωǎ Thermal Environmental Conditions for Human Occupancy 
Standard 55-2004 

Indoor Summer Comfort Range: 74oF ς83oF

Indoor Winter Comfort Range: 67oF ς79oF

Acceptable for naturally ventilated spaces: 50oF ς93oF

Homeothermy: form of temperature regulation used by humans, where the body 
maintains the same internal core temperature (98.6oF), regardless of external influences. 

METRICS FOR PASSIVE SURVIVABILITY



PASSIVE SURVIVABILITY
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! ōǳƛƭŘƛƴƎΩǎ ŀōƛƭƛǘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ƭƛǾŀōƭŜ 
conditions when sources such as electricity, 
water, or heating fuel are cut off.



Metrics for passive survivability
Core body temperatures shown below.

~98oF ~100oF~95oF~80oF ~108oF

Picture Courtesy of Holmes, S, et al. Overheating and passive habitability: indoor health and heat indices. 



Metrics for passive survivability
Interior/room temperatures shown below.

93oF50oF~??? ~???67-83oF

Picture Courtesy of Holmes, S, et al. Overheating and passive habitability: indoor health and heat indices. 



Assessment overview
PASSIVE SURVIVABILITY
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ÂDetermine resilience design week

ÂModel worst case unit of multifamily buildings in WUFIplus

ÂSimulate 5-day outages on worst case units 

ÂNote interior conditions 

ÂΨwŀǘŜΩ ŦƻǊ ǇŀǎǎƛǾŜ ǎǳǊǾƛǾŀōƛƭƛǘȅ



1 ASHRAE 90.1

2 PHIUS+ 2015

3 ASHRAE 90.1

4 PHIUS+ 2015

5 ASHRAE 90.1

6 PHIUS+ 2015

7 ASHRAE 90.1

8 PHIUS+ 2015

Overview of 8 Unique Building Types

20% WWR

WOOD FRAMED CONSTRUCTION

ICF/CONCRETE CONSTRUCTION

60% WWR

WOOD FRAMED CONSTRUCTION

ICF/CONCRETE CONSTRUCTION

ASSESSMENT OVERVIEW
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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

ASSESSMENT OVERVIEW - VARIABLES
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Picture Courtesy of Curbed Chicago

BUT IN REALITYé



ASHRAE 90.1PHIUS+ 2015ASHRAE 90.1PHIUS+ 2015ASHRAE 90.1PHIUS+ 2015ASHRAE 90.1PHIUS+ 2015

Wall R13+7.5ci R22 + 8ci R13.3 ci R24 ci R13+7.5ci R22 + 8ci R13.3 ci R32 ci

Roof R49 Attic R49 Attic R30 ci R36 ci R49 Attic R49 Attic R30 ci R36 ci

Floor Slab Uninsulated Uninsulated Uninsulated Uninsulated Uninsulated R4 Slab Uninsulated R4 Slab

Perimeter Insulation R20 for 24" N/A R20 for 24" N/A R20 for 24" N/A R20 for 24" N/A

Specific Heat Capacity 

[BTU/ft2.F]

Operability

SHGC (glass only) 0.3 0.3 0.3 0.3 0.3 0.2 0.3 0.2

U-Value, Whole 

Window [BTU/hr.ft2.F]
0.46 0.25 0.46 0.25 0.46 0.28 0.46 0.28

Interior Blinds

Site Shading

CFM75/ft2 0.4 0.08 0.4 0.08 0.4 0.08 0.4 0.08

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

Misc Electric Loads 

(kWh/yr)

Lighting

Appliances

Misc Electric Loads1

Lighting
1

Hot Water
Gas Fired Water Heater 

(% efficiency)
0.80 0.90 0.80 0.90 0.80 0.90 0.80 0.90

ERV - sensible recovery 

efficiency
50% 75% 50% 75% 50% 75% 50% 75%

Continuous Airflow 

Rate (cfm)

Location Central 
Per Unit + 

Corridors
Central 

Per Unit + 

Corridors
Central 

Per Unit + 

Corridors
Central 

Per Unit + 

Corridors

Number of Ventilation 

Units
1 36 1 36 1 36 1 36

Fan Efficiency (W/cfm) 1 0.8 1 0.8 1 0.8 1 0.8

Heat Pump/VRF (COP)  - 3  - 3  - 3  - 3

Gas Fired Boiler (AFUE) 0.82  - 0.82  - 0.82  - 0.82  - 

Cooling Heat Pump/VRF (SEER) 14 14 14 14 14 14 14 14

1: Defined in Wright, G., & Klingenberg, K. "Climate Specific Passive Building Standards." U.S. Department of Energy. July 2015

Window to Wall Ratio

Heating

3040

0.5 W/ft2 (17,767 kWh/yr)

Performance Standard

Construction Type

1986

Opaque 

Building 

Envelope

Windows

Shading

Infiltration

Internal 

Loads 

(common 

space)

Internal 

Loads 

(residential)

Mechanical 

Ventilation

80% (20% shaded)

80% (20% shaded)

80% RESNET 

80% RESNET 

All Energy Star Median 2016

ICF/CONCRETE CONST.

60% WWR20% WWR

WOOD FRAMED CONST.ICF/CONCRETE CONST.WOOD FRAMED CONST.

All operable

23 (Mixed) 11 (Lightweight)11 (Lightweight) 23 (Mixed)

8 Unique Building Types
Main Characteristics



SITE ENERGY 



Å32 dynamic simulations 

ÅSimulate outage during 5-
day resilience design 
week

Cover all 
combinations of:
- 8 buildings

- 2 unit locations

- 2 seasons

OUTAGE SIMULATION SETUP


