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FACES OF RESILIENCE

OPERATIONAL
IMPERATIVES
EXTERNAL INTERNAL
THREATS THREATS
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IMPERATIVES




EXTERNAL THREATS AND SYSTEM IMPACTS

Building From immediate threat > > to lona term concern
System . . .. . :
| 4 Activist, Earth- Fire in or  Tornado, Storm, Pandemic  Climate Obsoles-
mpacts : . .
terrorist quake outside hurricane flood change cense -
Global Resilience
Structure D D D D D -
E | / Nation
nvelope y - - N - Stability
Exterior L D = L L Political / Economic
Belioyles) D D : | D
Finishes City / Region
Transportation
Domestic Water ) D D y Utilities & Services
SCWCF K Lab [‘J Organization
Waste " Business Continuity
Storm Drainage D

Ventilation /
Exhuast

Heating / : D _ : __ _ __ - -
Cooling ' " ' ' : - - ‘

Normal Power

Standby Power

Data/
Communic. D = Direct threat to building
| = Indirect threat via disruption of supply

R = Regional threat from infrastructure failure

Service /
Supplies
|
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EXTERNAL THREATS - FLOOD RESILIENCE

\ With protected risers, a Penthouse
might suit substations, generators,
other primary MEP infrastructure.

J\

_____—Main levels tend to best suit full and
B consistent lab floor plates, but
infrastructure magy need to intrude.

J \

Raised or Mezzanine levels may suit

/ fire pumps with outside access. And

_ one may need a raised main elevator
lobby, with a shuttle/ramps to egress.

J \

TG g - _ Grade level space is at a premium. Yet
; : flooding may obviate main elevators
from this level.

- T Traditional basement levels may be
obsolete for infrastructure—as
Hurricane Sandy informed NYC.

J\
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EXTERNAL THREATS - CASCADING EVENTS

= An external or internal threat that
seems Mmoot to a lab can cascade
Into events that cripple it

= System O&M stress—in or out of
the lab—is often a contributor

= Deferred maintenance may let an
“N+1” system yield to a shock

ILL-MAINTAINED
DRAINAGE
INFRASTRUCTURE

SEVERE STORM

.
,
A

.‘ll

STRESS SHOCK / INITIAL HAZARD

....... ® 2L LLES  SECONDARY
FLOODING f HAZARD

CASCADING EVENTS

HINDERED

LANDSLIDES POWER OUTAGE EMERGENCY
) ] RESPONSE
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INTERNAL THREATS - SYSTEM CAPACITY

BASELINE Air Change Rate (OCCUPIED)
AIR CHANGE RATE/HR

8

Chemical Physics / Biology Chemistry Vivarium Scale-up /
Sensing Engineering Heavy
Airflow Chemistry

Response
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INTERNAL THREATS - VERTICAL PATHWAYS

= Manifolded Exhausts

— Energy and flexibility advantages

* |Independent Exhausts

— Perchloric, radioisotope, bio-safety cab. exhaust

= Consider

— Dust-Laden Exhaust

— Chemical Compatibility
— Duct Material Compatibility

=
N |
Y

—

4 116"x14" RAXZ[

o

- - P - -vnr«
2 b i = = 1

P
3
-

N S1G ol i |
AV-2300-
® 240eA\1] N\ E

VAV-2206-SA

. il
== £513 12 = L ElVAV-2202-EA [ H : 2
= 429 CFM g T M223) M224) (RY) 280 cr
! vgzgs: L B G ! e “FCAV-2R05-EA 1 \ :
&l AV-2201-EA = 5= U |2 ‘ - =120 EA T
e == - e [ 2 e
VAV-21006Rh § 1o A | - 48“x24";\
' ot e i B ™
| | & > I W 1
"] VAV-21p0.5-RA | E"r - \
= B . [ \ , | . ' e ™ LR | [ J
ACCESSIBLE SHAFTS WITH
SPACE FOR FUTURE NEEDS
|

Lab
General
Exhaust

(Typical)

Damper

D=

Fan (

typical)

1

¢

A

e B e W g

_P. B
7 (\# 7

n

{2 L2 | [

|

-

A

v
7
rd

H

7
2
‘ 7
&
i

#
N,

&
M

&
LY

|I2SL Best Practice Guide
Manifolding Laboratory Exhaust Systems

April 2007

Static
Pressure
and Fan
Speed
Controller

Outside
Air

Bypass
Damper

Static
Pressure
Sensor
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OPERATIONAL RESILIENCY

dystems Options
Resilience From conventional I::-EII:L:L.IF.I = > to resilient and sustainable p||:|r1r1'|ng
Structure Hardening Low vibration
Envelope / Exterior | Air barriers Hardening
Interior / Finishes Hardening Raised lobby/MEP
Domestic Water Flow-through storage | On-site fire storage
Sewer / Lab Waste SRETHETLL
Storm Drainage Site hold/pump S’I:;;nmitigatinn
Heating / Cooling Alt. campus sources Geothermal
Ventilation / Exh. Alt. equipment/flows Filtration
Normal Power Dual feeds Utility collab. on subs
Standby Power UPS Dual feeds
Data / Communic. Prioritization Alt. 2N connectivity
Stockpiles Contracted alt. sources

Service / Supplies

Systems resiliency options, from conventional to resilient/sustainable.

|
Empowering Design for Research Environments: Strategies for Climate Resilience



OPERATIONAL RESILIENCY

Pathway to Performance

Baseline

Reduce
Demand

Repurpose Recover
Thermal Energy
Energy

Capture
Renewable
Energy

Laboratory Characteristics - Case 1

Lahoratory Type v Cooling Load (W/SF) v

Research ~ 8.00 ~

Fume Hood Count / Size Fume Hood Usage Furme Hood Type
G ~  Heavy A% High Performance
Minimum Cccupied ACH Point Exhaust Count

5] v s] ~

Energy Conservation Measures - Case 1

AHU Design welocity (FPRY Point Exhaust Control Strategy

Laboratory Characteristics - Case 2 ﬁ

Laboratory Type Cooling Load {W/SF)

Research ~ 8.00 ~

Furme Hood Count / Size Furme Hood Usage Fume Hood Type

= v Heavy ~ High Performance \vs
Minimum Ocoupied ACH Point Exhaust Count 4
4 ~ 4 v

Energy Conservation Measures - Case 2

AHU Design velocity (FPM) v Point Exhaust Control Strategy

500 A% Occupancy based - all on/off v 400 A% Individual snorkel control ~
DCY (Alrcuity) Chilled Bearns Exhaust Energy Recovery DCY (Aircuity) Chilled Bearrs Exhaust Energy Recovery v
False ~ False v Run around h' False \vs False ~ Run around + ERW ~
Energy Cost Equivalent Carbon Emissions Legend
_
X Pumps
0 8 B Fans
o 2 B cooling
8 g B AHU Level Heating
ot 2 B Zone Level Reheat
"] = . e g .
Q < Humidification
Q v 52,818
= 18,935 =
o o Airflow Driving Factor
= -
w 13 718 g 38,534 (% annual hours)
n
3 ’ & 27% 9% 8% 26%
< [ " ' ' .\
b = Case 1 Case 2
= <L
£ 3
E = 64% 67%
L“ £
E M Cooling ACH Requirement
M Fume Hood Exhaust
Case 1 Case 2 Case 1 Case 2
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OPERATIONAL RESILIENCY

Shifting to off-peak generation to slash carbon and reduce cost

.

- . 190 °F

4-PIPE HEAT RECOVERY
AIR-SOURCE
R-744 HEAT PUMP

LITHIUM-ION BATTERIES  ICE/CHW STORAGE  190°F WATER STORAGE

GREEN HYDROGEN STORAGE

/

DEEP GRID STORAGE

|
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BEHAVIORAL RESILIENCY

THREE ASPECTS OF RESILIENCE AND HUMAN BEHAVIOR

Amnesia
Optimism
m Inertia
Simplification
_ y L Y L y Herding
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BEHAVIORAL RESILIENCY

-
l* Labs2/ero

MEP The AIA 2030
Committingto Zero Commitment
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CASE STUDY - VIRGINIA TECH ICAB

Virginia Tech
Innovation Campus

Academic Building 1

North Potomac Yards

iv RGINIA

Alexandria, VA ‘ l | ‘ \ ‘ T““

||n4
._<|

« 285,000 gsf

* 11 Floors

» Computer Science

« Computer Engineering

» Electrical Engineering

|
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CASE STUDY - VIRGINIA TECH ICAB

NORTH POTOMOC YARD

Il m© ~
) bl
= & (IR

HASES |
" (NI

1

"

INNOVATION
CAMPUS

VIRGINIA TECH

CREATING A
COMPLETEM
SUSTAINABLE

SMALL AREA PLAN

‘. .. /' o »

& d / U 4

4 J i i

; @ APPROVED ON JUNE 13,2017 ’i“ |
J [ )

The intent of the Plan is to encourage
district-wide sustainability measures
that will be integrated in a coordinated
and comprehensive manner...
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CASE STUDY - VIRGINIA TECH ICAB
VT GUIDING PRINCIPLES

The VT Experience and ldentity
Universal Design

East of Movement

Health and Wellness

Green and Social Spaces
Connectivity

Flexibility

Visual Connectivity and Transparency
Integrated Technology

Sustainability and Resilience
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CASE STUDY - VIRGINIA TECH ICAB
BASELINE MODELS

ZONING
TOTAL RADIATION 4,455,415 kWh 5,286,726 kWh (+19%) 5,354,319 kWh (+20%)
___________________________________________________________ >
RADIATION / SF 113 KWh/SF 117 kWh/SF (+4%) 139 kWh/SF (+23%)
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CASE STUDY - VIRGINIA TECH ICAB

MAXIMIZING PV GENERATION

USING COMPUTATION AND AI-ENHANCED METHODS
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Total Surface Area: 136,221 SF

PV Surface Area: 35,225 SF (26 %)
Total Radiation @PV: 3,984,513 kWh [-117%)
Radiation / SF @PV: 113 kWh/SF (+00 %)
Total Floor Areas: 281,954 SF
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CASE STUDY - VIRGINIA TECH ICAB

A SOLAR POWER PLANT
Total Power Generation: 351,332 kWh/yr
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1. Photovoltaic Glass Fins: 73,763 kWh/yr
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CASE STUDY - VIRGINIA TECH ICAB
SYSTEM STRATEGIES

OPTIMIZED DEPTH FOR DAYLIGHTING

Radiant ceilings are used throughout ICAB
Uses water to distribute heat and cooling, much more

CLEAN ENERGY efficient than moving air
Visual experience is just perforated metal

GENERATION

I
I
I //
: OPERABLE WINDOWS
DECOUPLED / | DISPLACEMENT
INCREASED VENTILATION
I
VENTILATION ,
RADIANT :
HEATING/COOLING ! lfF, SO (T +
: — . —
NATURAL MATERIALS : o
I

INDOOR VEGETATION
*—I I

— I 00
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CASE STUDY - VIRGINIA TECH ICAB

NESTED SYSTEMS

1) Academic Building 1

@ Innovation Campus

@ Innovation Campus +
adjacent natural assets

@ District physical and natural
assets for synergistic benefits

CHALLENGING SCALE

» Phase a campus central plant?

LOAD DIVERSITY

« Campus program too similar?

*  Opportunity to leverage the
broader development (i.e.,
district-scale system?)

NATURAL ASSETS

» Use adjacent greenway for
GSHE?

» Tap the public sewer main?

*

Pump Transfer

Station
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CASE STUDY - VIRGINIA TECH ICAB
INFRASTRUCTURE CONCEPT

HIGH-PERFORMANCE BLDG

@ DOAS w/parallel conditioning mm——
(radiant, ACB, chilled box) ot

PRIME THERMAL GENERATION J
@ Heat-recovery chillers

MULTI-SOURCE

@ Deep foundation energy piles
@ Vertical borefield (70-100#) (FUTURE)

AUXILIARY HEATING,
COOLING, HEAT REJECTION

(6) AsHP

@ Electric boiler

ENERGY EXCHANGE "
@ Municipal pump station with sewer
thermal heat recovery (FUTURE)

|
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CASE STUDY - VIRGINIA TECH ICAB

SEWER THERMAL EXCHANGE

(1) NPY Phase |
(ICAB I only)

PUMP STATION
NPY Phase |
(ICAB I, Il, 1I1)

(3) 50% NPY Phase | &I

(4) NPY Phase | &I
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CASE STUDY - VIRGINIA TECH ICAB
SEWER THERMAL EXCHANGE

INNOVATION DISTRICT PUMPING STATION ////

SITE PLAN s // . y .
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HOW TO IMPLEMENT RESILIENT BUILDING INFRASTRUCTURE...

c AREAS

PRIORITIZE CRITICAL

s

.

Identify the potential hazards

Focus on most vulnerable and
essentials parts of the infrastructure
i.e roofs, foundations, envelope

Set goals with the community and
organizations

‘ SITE

IDENTIFY THE

INTEGRATE
SUSTAINABILITY

s

PLAN OPERATIONS
& MANAGEMENT

s

Management plan
Operations personnel

Next steps

Site ownership

Size, configuration, and capacity
Transportation and access
Building condition

Critical assets

- Use locally sourced and recycled
material

- Plan forrenewable energy

* Incorporate adaptive materials that can
withstand extreme conditions

J

SECURE FUNDING &
IMPLEMENTATION

7

Feasibility
Grant funding
Management

Further steps

¥

LEVERAGE MODULAR
CONSTRUCTION

» Allows for project phasing

+ Leverages new construction
building technology



...WITH BUDGET CONSTRAINTS

0 COSTS

PRE-CONSTRUCTION

FOUNDATION AND
STRUCTURAL WORK

BUILDING

e SYSTEMS

s

.

Permits
Inspection
Surveys

Fringe Benefits

N 4

J L

* Excavation
* Foundation laying

* Framing

Mechanical
Electrical
Plumbing

Fire Protection

Structural

CONTINGENCY
FUNDS

e EXTERIOR WORK

s

Management plan
Operations personnel

Next steps

J L

* Roofing
« Siding
» Landscaping

* Driveways

4

INTERIOR FINISHING

Drywall
Flooring
Cabinetry

Painting




ENERGY TAX CREDIT

@<« < > >

Inflation Reduction Act
(IRA)

Investment Tax Credit
(ITC)

Section 48
Energy Credit

Geothermal Heat Pump
Property




WHO IS ELIGIBLE FOR "ENERGY TAX CREDIT"?

State- Local Federal
Government Government



WHO IS ELIGIBLE FOR "ENERGY TAX CREDIT"?

“Elective Pay” or “Direct Pay”
State- Local
m
Y Y Y N

“Credit”

Y



INFLATION REDUCTION ACT FUNDING

!

Qe Pl

1

— e

Credit Contant

Sx Bonus

UNITED
STATES

Low Income
(2023)

(2022) (2023)
Solar Technologies (2022) 6%  30%  2%/10%  2%/10%  10%/20%  6%-70%
Small Wind (2022) 6%  30%  2%/10%  2%/10%  10%/20% _ 6%-70%
Ground Source Heat Pump (2022) 6%  30%  2%/10%  2%/10% 0% 6%-50%
Microturbine 2% 10%  2%/10%  2%/10% 0% 2%-30%
CHP (2022) 6%  30%  2%/10%  2%/10% 0% 6%-50%
Microgrid Controller (2023) 6%  30%  2%/10%  2%/10% 0% 6%-50% ,
Standalone Energy Storage Systems (2023) 6%  30%  2%/10%  2%/10% 0% 6%50% | ‘\‘ gl p
Thermal Energy Storage Systems (2023) 6%  30%  2%/10%  2%/10% 0% 6%-50% | NTP/arcEs net doe.gov/portal/apgs/experencet e /experience/ id=a2ce 470472 14T 770 TDI0R08A50 10
Fuel Cell (2022) 6%  30%  2%/10%  2%/10% 0% 6%-50% Alh
Geothermal Electricity(2022) 6%  30%  2%/10%  2%/10% 0% 6%-50% S ol S D
Biogas (2022) 6%  30%  2%/10%  2%/10% 0% 6%-50% s
Waste Energy Recovery Electricity (2022) 6%  30%  2%/10%  2%/10% 0% 6%-50% B el il
Interconnection Property (2023) 6%  30%  2%/10%  2%/10% 0% 6%-50% R
Electrochromic Glass (2023) 6%  30%  2%/10%  2%/10% 0% 6%-50%

2024 MSAs/non-MSAs that are Energy Communities

MSAs/non-MSAs that meet both the Fossil
. Fuel Employment (FFE) threshold and the

unemployment rate requirement and are

an energy community as of June 7, 2024



TAKEAWAY

A resilient building stands ready to support its community when it
matters most. Invest with that purpose in mind because the

structures that endure can continue to serve, uplift, and help close
social and economic gaps.

But buildings don’t exist in isolation. They’re part of a broader
ecosystem. Whenever possible, advocate for master planning that
considers resilience at the neighborhood or district scale. One

resilient building is powerful. A network of them? That’s
transformative. That’s regenerative.

Empowering Design for Research Environments: Strategies for Climate Resilience
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