Resilient Buildings
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Resilient design is a series of guidelines for practical,
on-the-ground solutions for the built environment.
In a building, resiliency can offer functionality in the
face of hardships such as equipment failure, grid offtime, or seismic events, and can elevate wellness with
improved indoor air quality. Addressing these issues
ensures that our designs will continue to contribute
to sustainable goals and strong communities.
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GENERATORS
Faced with backup power challenges, most facilities turn to
diesel generators for their primary backup plan. Be mindful,
though—these systems are generally designed for short time
emergency backup use only. For longer operational time and
increased resiliency, these systems work better if integrated
with photo-voltaic (PV), battery energy storage systems (BESS),
and a micro-grid components, allowing for islanding and
extending system uptime using renewable energy.

OPERABLE WINDOWS
Operable windows are a key element to passive building design techniques
that enhance resilience. With limited to no power, operable windows allow
continued air flow, even in emergency situations. Effective cooling techniques
such as night flushing and solar chimneys are both achieved with the use of
operable windows and require little to no energy use.

IN SUNNYVALE CIVIC CENTER
As utility power shut-offs become more common in the West Cost due
to high-temperature summers and overloading of the utility grid operable
windows a great asset. Operable windows were considered for the
Sunnyvale City Hall, but they were VE’d out as since the building operational
resiliency was already high with the combination of Generator, PV, Battery,
and Microgrid design.
SUNNYVALE CIVIC CENTER

IN SUNNYVALE CIVIC CENTER
Earthquakes and other disruptive events can cut off power
and resources to buildings for potentially weeks. Sunnyside
Civic Center has a design that integrates a generator backup
with PV’s, BESS, and Microgrid to ensure power is restored to
the buildings quickly and in a reliable way via generators, and it
Robustness is the ability to maintain critical operations and functions
then maintained long term using the PV/BESS combo to save
in the face of crisis. MEP building design examples include operable
generator fuel and building operation.

Robustness
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windows, ability to increase filtration level in AHU’s, uptime and
islanding via micro-grid (PV, battery storage, generator, and grid
interactive controls), power over ethernet lighting, and increased
seismic design for MEP equipment and infrastructure (usually by
matching the building structure seismic design).

Phase 1 of the 20-year Civic Center campus masterplan includes a new
City Hall building, tenant improvements for the Department of Public
Safety (DPS), and a new Emergency Operations Center (EOC).
LEARN MORE ABOUT THE PAE LIVING BUILDING
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IN SUNNYVALE CIVIC CENTER
The Sunnyside Civic Center is being designed
to a higher seismic standard as it includes an
emergency operations center building. The
MEP equipment and infrastructure will be
anchored and seismically restrained to meet
the stringent requirements used in hospital
design in California or seismic category F.

IN SUNNYVALE CIVIC CENTER
As the West Coast prepares for a massive earthquake, or other disruptive events
that may cut off power and resources for weeks potentially, Sunnyside Civic Center
is making sure that it can still function with this triple punch energy system.

RESOURCESFUL

IN SUNNYVALE CIVIC CENTER
The recent wildfires in the West Coast have resulted
in the need for higher MERV filtration and/or specialized
filters. Designing projects and selecting AHU’s with
provisions to add extra filtration in the future cost very
little and allows buildings to adapt to a broad range
of future needs. The Sunnyvale Civic Center project
AHU’s were all selected with this flexibility in mind.

MICROGRID + PV + BESS
Islanded on-site energy production and use is not always achievable for a project but
being smart on how energy is stored and used can make it possible. By combining
forces, managing energy through both normal and crisis operations is attained by:
1. Collecting power through PV
2. Storing power with Batteries (BESS)
3. Managing power functions with Microgrids

ROBUSTNESS

AHU FILTRATION FLEXIBILITY
In most air handling systems, providing extra space
and motor power to allow for future increases in
filtration results in a marginal cost increase to the
project. However, this future-proofing strategy for AHU
systems allows the building operator to adapt to future
conditions by adding higher MERV (Minimum Efficiency
Reporting Values) filtration media or specialized UltraViolet or Photo-Catalytic Oxidation filters to address
smoke, odors, and biological elements in the airstream.

MEP SEISMIC DESIGN
Today’s building codes use six seismic design
categories. To prepare for major earthquakes,
design goes beyond the scope of structure
and must include a full Mechanical, Electrical
and Plumbing systems. For certain projects
that are “emergency operation centers”
the MEP systems must be anchored and
seismically braced to a standard higher than
code that matches the structural design and
can withstand increased seismic forces.

SUPPLY CHAIN AGREEMENTS
Supply chains are one example of how resilience exists beyond
the project’s boundaries. Listing where materials and sources are
coming from and having agreements with those resources will
increase the project’s ability to bounce back from a debilitating event.

STAFF TRAINING
Resilient buildings are different than the average designed building. A lot of thought and effort goes into
engineering a structure that can quickly adjust to a major event, and this often means new, more flexible
systems and technologies are implemented. Training staff on resilient protocols for the new equipment
and systems is essential to achieve highest levels of resilience.

IN BEAVERTON PUBLIC SAFETY CENTER
Designed to be the community resource epicenter during an emergency, emergency operation centers
need to also have resilient communication and supply chain plans in place in order to replenish resources
the building needs to remain in operation. Some examples may be sourcing diesel fuel to extend
generator operation, bottled water/food to keep occupants fed, and space equipment parts that may
break during an event.

Resourcefulness

IN BEAVERTON PUBLIC SAFETY CENTER
Supply chains are one example of how resilience exists beyond the
project’s boundaries. Listing current and knowing alternates where
materials and sources are coming from and having agreements with
those resources will increase the project’s ability to bounce back
from a debilitating event.
BEAVERTON PUBLIC SAFETY CENTER
The all-electric building is a unique collaboration between the community,
city, and electrical utility. By using systems with multiple benefits, the project
was able to achieve its public safety, resiliency, and sustainability goals. This
innovative solution is replicable for other emergency operation centers.
LEARN MORE ABOUT BEAVERTON PUBLIC SAFETY CENTER
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Resourcefulness is the ability to skillfully prepare for, respond to and
manage a crisis or disruption as it unfolds. MEP building design
examples include building facility staff training to be able to monitor
automatic switch-overs (via building controls) or force manual system
switch-overs of MEP systems, ability to disconnect from the grid and
operate buildings when “islanded,” and having supply chain agreements
in place to refuel diesel generator to prolong building operations.

ROBUSTNESS

REDUNDANCY

IN BEAVERTON PUBLIC SAFETY CENTER
The multi-source microgrid was designed for operation by the
electrical utility. The pilot utility microgrid project provides an
opportunity for utility control over customer sited distributed energy
resources to ensure facility electrical resiliency during grid outages.

R APID RECOVERY

IN BEAVERTON PUBLIC SAFETY CENTER
As a public safety epicenter for the community
with access 24/7, the building resources are
accessible and maintained for safety and building
control, especially during critical events.

IN BEAVERTON PUBLIC SAFETY CENTER
BPSC owners work with the building management to
create a plan for manually operated systems. Part of
the plan details how systems function during normal
operation versus critical events that best serves life
safety and accessibility for Beaverton residents.

ISLAND FROM GRID
Losing power from the grid is a common event that happens in both
catastrophic events and everyday life. Designing a building with goals
to sustain power for a few hours, days, or even weeks will determine
what resources the building needs to island from the grid.

RESOURCESFUL

BUILDING CONTROL ACCESS
As technology advances, building control access
becomes more and more electronic. Knowing
how the building’s security reacts when power
glitches or stops, and how the staff can manage
the building control access can help keep things
operational.

MANUALLY OPERATED SYSTEMS
When power is cut off or limited, having systems that are
manually operable expands building usage and saves
power for more critical functions. Implementing these
systems are also a great way of achieving net zero energy
and reducing the building’s carbon footprint.

STORAGE
Adding equipment for redundancy and additional
power sources will require extra storage, and how
much depends on both the amount of redundancy
and types of equipment. Working together and
communicating their needs, owners, architects and
engineers can achieve the project’s resilience goals.

IN PAE PORTLAND LIVING BUILDING
Upgrading its structure from a Category 2 to a
Category 4 to withstand a major earthquake, the
PAE Living Building was able to increase its internal
square footage, allowing more space for seismically
resilient systems without losing leasable space.
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SUPPLY CHAIN PLANS
Hurricanes, wildfires, and earthquakes are just a few examples of catastrophic
events that can completely break down supply chains. Understanding what
supply chains the building and its tenants depend on (such as fuel, staff
transportation), how these supply chains can be affected, and having backup
systems set in place will enhance the building’s resilience.

IN PAE PORTLAND LIVING BUILDING
Preparing for a massive earthquake and major flooding, the PAE Living Building
has worked diligently to achieve a truly sustainable building through its resilient
features. With a 71,000 gallon cistern under the building to collect rainwater, PV
located on the roof, and the staff set up to work remotely, PAE’s Living Building
supply chains have been carefully considered and prepared.

Rapid Recovery
Rapid Recovery the ability to return to and/or reconstitute normal
operations as quickly and efficiently as possible after a disruption. MEP
building design examples include having an operational plan of action
for critical staff to be able to reach the building, having an operational
plan of how to operate the building when certain failures happen, have
facility staff store enough building repair components to recover from
critical failures within a reasonable time, and have a supply chain
recovery plan for equipment that cannot be stored onsite.

PAE LIVING BUILDING
The building embodies PAE’s vision to help solve the planet’s energy and
water challenges. Set to be the world’s first developer-driven Living Building,
the five-story, mixed-use building will demonstrate replicable and costeffective solutions for sustainable design removing barriers to entry for highly
sustainable projects while revitalizing the community.
LEARN MORE ABOUT THE PAE LIVING BUILDING
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IN PAE PORTLAND LIVING BUILDING
To achieve resilient operations, the building has a PV and
BESS microgrid that can island the building to operate
independently of the utility grid. The level of operation will
vary depending on time of year and other conditions, but
enough basic services will be available to support critical
operations in a long duration emergency.

IN PAE PORTLAND LIVING BUILDING
The Staff Disaster Recovery Plan includes having a pre-planned Business Continuity
foundation that is robust, scalable, and secure. With systems that connect information
and people, our staff have access to operational agility that increases recovery time
and capabilities before, during, and after major events.

R APID RECOVERY

BUILDING OPERATIONS
Buildings operate differently under normal conditions
versus under duress situations. Different equipment is
utilized to achieve the building’s needs and where those
needs are met. Staff operations also fluctuate during
these periods, and the retained staff must know how the
emergency equipment works and how these systems are
interconnected.

STAFF DISASTER RECOVERY PLAN
The biggest pillar to resilience is the people. Having a dedicated Staff Disaster
Recovery Plan that lays out who is responsible for what (and their backups!) when
a major event hits will cumulate a universal understanding of tasks that will increase
recovery time and make a difficult situation easier on everyone.

UTILITY CONNECTIONS
Telecommunications, water, power and gas are just a few of the
utilities to be aware of in a major event. Know how each utility
could be affected by a specified event, what the utility provider’s
Disaster Plan is and what the building can do in the interim.

IN THE RESIDENCE
Eliminating natural gas loads and going all electric allows the
project to rely on fewer utilities. Zoning the house to critical areas
and reducing loads to a critical capacity allows the residence to
provide selective, critical services with a smaller off grid system
(i.e. PV, batteries) when the grid is down during a major event.
Rainwater harvesting is also utilized and can maintain critical
water needs for the home if city water supply is interrupted.

Redundancy
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Redundancy is comprised of back-up resources to support the original
resilience features in case of failure. MEP building design examples
include N+1, 2N, or other redundancy design levels for MEP system
components, to ensure any critical equipment or infrastructure failure
can be backed-up or replaced to keep the building operational. For
example, having one extra (N+1) chilled water pump, chillers, boilers,
electrical utility connection, and generator are prevalent in data centers,
hospitals, laboratories, and emergency operation center projects.

IN THE RESIDENCE
Considering batteries, solar panels, and generators along
with being selective in mechanical equipment sizes to ensure
comfortable living space, this project is optimizing the building
loads to best meet the occupants’ needs during an emergency.

PRIVATE RESIDENCE
This 13,000 square foot lakehouse residence is breaking
ground on how resiliency can be achieved in high-end
residential construction. Preparing for flooding, snowstorms,
and a massive earthquake, this project is defining residential
resiliency requirements to ride through a major event that could
last anywhere from a few hours to two weeks or more.

R APID RECOVERY

RESOURCESFUL

IN THE RESIDENCE
Pairing down energy usage to critical
services in critical areas informs the backup
equipment sizes, ensuring highest efficiency
of equipment, that will prioritize solar panels
and batteries, but will potentially include
generators to guarantee optimal resilience.

BUILDING EQUIPMENT
To strengthen resiliency, the amount of equipment typically
increases and alternative types of equipment are often explored,
such as microgrids. Choosing the right engineers
will ensure the most efficient building equipment selection
and help the owner and architect design a resilient building.

ROBUSTNESS

IN THE RESIDENCE
This home in Washington utilizes redundancy in both its energy and
water systems. The house uses grid electricity during normal conditions
and can switch to an off grid, renewable energy source when grid power
is unavailable. The water is supplied by the city under typical operation.
An additional rainwater collection system is provided to serve the critical
needs of the residence should the city supply fail.

GENERATORS
Losing connection to the electrical grid is
a common consequence from a disaster
situation. Generators allow for onsite energy
storage and use when other energy sources
have failed. Designed to be operable even
after long bouts of disuse, generators are
relied on to operate in standby mode or
power up when called upon.

REDUNDANCY

LEVEL OF REDUNDANCY
Adding (N+1) or duplicating (2N) equipment and systems to the building’s
design ensures any critical equipment or infrastructure failure can be
backed-up or replaced to keep the building operational. Determining
what systems and how much of your building still need to function when
equipment fails is key to knowing what level of redundancy you need.

