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When the Grid Goes Down
Saving Lives With Your Building’s Envelope 
and Back-up Power 

The death toll rose to 14 at a nursing home Hollywood, Florida 
due to a power outage caused by Hurricane Irma.   Source: CNN



When the Grid Goes Down…

What we’ll cover:
– The LEED pilot credits on 

resilience – how they 
work

– Credit on passive 
survivability and back-up 
power in more detail

– Modeling passive 
survivability for a 
hospital in Nantucket

– Interactive exercise to 
help you understand 
passive survivability and 
the pilot credits

Who We Are:

Jim Newman, 
Linnean Solutions

Alex Wilson, Resilient 
Design Inst. and 
BuildingGreen, Inc.

Katie Courtney, 
Cannon Design



Power outages to become more frequent

 Climate change related:
– More intense storms
– Sea level rise
– Coastal storm surge
– Heat waves stressing 

electrical loads
– Drought
– Wildfire

 Non climate-change 
related
– Earthquakes
– Space weather
– Equipment malfunctions
– Terrorism

Percent increase in very heavy precipitation 1958-2012 (defined 
as the heaviest 1% of all events). Source: 2014 National Climate 
Assessment



Introducing the LEED pilot credits 
on Resilient Design



When the grid goes down

Option 1: Vulnerability Assessment and Planning

Option 1: Emergency Plan



When the grid goes down

Design for Enhanced Resilience

Address the vulnerabilities identified in IPpc98

Follow specific recommendations for mitigating the 
identified vulnerabilities

Example: 
Flooding
Option 1: Flooding-Specific design measures
RELi V2.0 Standards

Option 2: Flooding-Specific design measures
Meet Executive Order (EO) 13690 Federal Flood Risk Management Standard. But 
flood elevation must be at least 3 feet (1 meter) above the known Base Flood 
Elevation (100 year level flood). 

https://www.iwr.usace.army.mil/Missions/Flood-Risk-Management/Flood-Risk-Management-Program/About-the-Program/Policy-and-Guidance/Federal-Flood-Risk-Management-Standard/


Credit 100 – Providing for Passive Survivability 
and Back-Up Power During Disruptions



Introducing “passive survivability”

The New Orleans Principles
Charrette on Gulf Coast reconstruction in the fall of 2005—
introducing “Passive Survivability.   Photo: Alex Wilson



Addressing passive survivability

New York City – Greening the Codes Task 
Force Report - 2010



Building Resiliency Task Force in New 
York City – Final Report, June, 2013Recommendation from the Building Resiliency Task Force

Addressing passive survivability



May 2013 RDI charrette in NYC on metrics of passive survivability. Photo: Alex Wilson 

Addressing passive survivability



Defining “passive survivability”

May 2013 RDI charrette in NYC on metrics of passive survivability. Photo: Alex Wilson 



Habitability isn’t just about temperature



Baby It’s Cold Inside report from Urban 
Green - June, 2013

Better insulated buildings keep us safer



LEED Pilot Credit: Passive Survivability

Requirements:
 Demonstrate that a 

building will passively 
maintain “habitable 
temperatures” during a 
power outage that lasts 4 
days during peak 
summertime and 
wintertime conditions of a 
typical year. 

Operable windows at Spaulding Rehab Hospital in 
Charlestown, Boston. Photo: Anton Grassl/Esto, 
Courtesy of Perkins+Will



LEED Pilot Credit 100: Thermal Habitability

• Three methodologies for 
demonstrating compliance
1. Psychrometry (WBGT 

or Heat Index)
2. SET methodology
3. Passive House 

certification

Temperature fluctuations during power outage in NYC.   
Graph: Urban Green Report: “Baby It’s Cold Inside”



SET Methodology for compliance
Requirements:
 Demonstrate through thermal modeling that a building will 

passively maintain “habitable temperatures” during a 
power outage that lasts 4 days during peak summertime 
and wintertime conditions of a typical year. 

Livable temperature: 
 Cooling: Not to exceed 9 °F SET-

days (216 °F SET-hours) above 
86°F SET for residential buildings.

 Cooling  Not to exceed 18 °F SET-
days (432°F SET-hours) above 86°F 
SET for non-residential buildings.  

 Heating: Not to exceed 9 °F SET-
days (216 °F SET-hours) below 54°
SET for all buildings. 

Key Definitions: 
 Standard Effective Temperature 

(SET) factors in relative humidity 
and mean radiant temperature 

 Habitable Zones:  Defined by team
 Occupant Density: necessary to 

accommodate the total building 
population in the habitable zones. 

 Ventilation: All habitable zones must 
have access to natural ventilation 



Passive House certification for compliance

 The Int’l Passive House 
standard and the U.S. 
adaptation of that 
standard are good 
indicators of passive 
survivability

 Thus, Passive House 
certification is accepted 
as an alternative 
compliance path for 
passive survivability in 
the LEED pilot credits

 With natural ventilation

Passive House-certified Levy residence (built of AAC)  
in Woodstock, NY - photo: Alex Wilson



Back-Up Power – 2 compliance paths 

1. Meet Passive Survivability 
requirements (part 1 of credit) 
using back-up power

2. Satisfy critical loads in building:
• First identify critical loads
• Provide back-up power for at 

least three critical loads from 
a list of options

• Duration requirements vary 
by building type: 4 days for 
residential bldgs., lodging, 
healthcare

• Duration requirement halved 
when back-up power 
provided by renewable 
energy system

Photo: Alex Wilson



Nantucket Cottage Hospital
Passive Survivability Modeling Case Study







Site Plan



IPpc100 Compliance Path
Passive Survivability and Functionality During Emergencies

Option 1 – Thermal Resistance

Option 2 - Back Up Power Redundant Fuel Fired Generator System

Operable Windows

Option 3 - Potable Water Two Municipal water connections

Fixtures - 10psi without booster pumps





Passive Survivability Credit Criteria 

Hot Summer Week Not to exceed 216 °F⋅SET-Hour above 86 °F 
SET

Cold Winter Week Not to exceed 216 °F⋅SET-Hour below 54 °F 
SET

Natural ventilation Old credit language: 5 CFM/person ≈ 3-5 
ACH

HVAC and Internal Loads Off 

Natural or Designed Shading May be Included 



Energy Modeling Assumptions/Challenges

Standard Effective Temperature (SET) vs. Operative Temperature  (OPT)

Design Thermal Properties:
R-30 Roof & R-13 + R-7.5 (c.i.) Walls

Glazing U-0.29 and SHGC 0.38

Outdoor Air Temperature (OA)

Summer:  OA < 86 °F &  less than 9 °F warmer 
than Indoor Temp

Winter: OA > no limit & less than 18 °F colder 
than Indoor Temp

Natural Ventilation Criteria
No Ventilation
4-inch effective window heights
1-inch effective window heights

No Shading Mechanism Modeled 



Nantucket Climate Data 



Summer – Peak Cooling

BI Dashboard

https://app.powerbi.com/view?r=eyJrIjoiOGJkNWE5OTctM2I4Yi00YWU4LTkzZWYtZWQ2NmU4MWFkOWVhIiwidCI6IjJhNjI4MzI5LTQ3YzItNGUyNS1hODczLWE4NDdmMjk2MTM3MSIsImMiOjN9


Winter – Peak Heating

BI Dashboard

https://app.powerbi.com/view?r=eyJrIjoiOGJkNWE5OTctM2I4Yi00YWU4LTkzZWYtZWQ2NmU4MWFkOWVhIiwidCI6IjJhNjI4MzI5LTQ3YzItNGUyNS1hODczLWE4NDdmMjk2MTM3MSIsImMiOjN9


Summary

Summer Hot Week 
Degree-Hours Meet 

Credit Criteria 

Winter Cold Week 
Degree-Hours Don’t 
Meet Credit Criteria 

Comfort Temperatures 
vs. Minimum 
Ventilation is 
complicated! 

Ventilation 
requirements need 

clarification

Modeling Software 
Capabilities Don’t Align 
with Reporting Needs



1. More energy-efficient 
buildings are more 
resilient

2. Keeping people safe 
can be a motivation for 
creating highly energy-
efficient buildings

3. While this is an 
adaptation strategy, it 
also reduces energy 
consumption and CO2
emissions—so it is a 
climate change 
mitigation strategy

Three take-away points:

Alex’s renovated, net-zero-energy house in 
Dummerston, Vermont – photo: Alex Wilson



Exercise:

– Form groups of 6 to 8

– Introduce yourselves

– Pick one project that someone has actually done

– Determine what you would need to do to achieve 
IPpc100 for the chosen project

Three take-away points:



Report Out:

Answer the question:

How has this exercise changed how you 
would go about projects?

Three take-away points:



Nantucket 
Hospital

Passive 
Survivability 

Modeling Case 
Study



Site Plan



Floor Plans



Site Wind Rose



Site Wind Rose



Passive Survivability Credit Criteria 

Hot Summer Week Not to exceed 216 °F⋅SET-Hour above 86 °F SET

Cold Winter Week Not to exceed 216 °F⋅SET-Hour below 54 °F SET

Natural ventilation Old credit language: 5 CFM/person ≈ 3-5 ACH

HVAC and Internal Loads Off 

Natural or Designed Shading May be Included 



Energy Modeling Assumptions/Challenges

Standard Effective Temperature (SET) vs. Operative Temperature  (OPT)

Design Thermal Properties:
R-30 Roof & R-13 + R-7.5 (c.i.) Walls

Glazing U-0.29 and SHGC 0.38

Outdoor Air Temperature (OA)
Summer:  OA < 86 °F &  less than 9 °F warmer than Indoor Temp

Winter: OA > no limit & less than 18 °F colder than Indoor Temp

Natural Ventilation Criteria
No Ventilation
4-inch effective window heights
1-inch effective window heights

No Shading Mechanism Modeled 



Summer Week



Summary

Summer Hot Week 
Degree-Hours Meet 

Credit Criteria 

Winter Cold Week 
Degree-Hours Don’t 
Meet Credit Criteria 

Comfort Temperatures 
vs. Minimum Ventilation 

is complicated! 

Ventilation requirements 
need refinement

Modeling Software 
Capabilities Don’t Align 
with Reporting Needs



Summary

Summer Hot Week Degree-Hours Meet Credit Criteria 

Winter Cold Week Degree-Hours Don’t Meet Credit Criteria 

Comfort Temperatures vs. Minimum Ventilation is complicated! 

Ventilation requirements need refinement

Modeling Software Capabilities Don’t Align with Reporting Needs
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