Rural America’s
Growth Plan

Rural America is the next place to innovate
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Creative
Placemaking
Goals

e FEconomic and social

development

e Increase population and/or

tourism

e Improve overall quality of life
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1. Population and housing shortages have been
real for decades

2. The perfect storm of pandemic, climate and
economic migration is accelerating this
concern

3. Now is the time to address the shortages
nationwide, with bold action

@ @eoLoulsT



For every $1,000 increase to
the price of a home, 153,967
families are priced out.

— National Association of Home Builders [ March 2021

@~r». @eLouIsT



Alquist 3D
Goals

Use 3D printing technology to
create exceptional design
while lowering the cost of
housing and infrastructure in
economically distressed and

underserved communities
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Why Rural?

@ms R ALOUIST



Myth:

There are no good paying jobs in rural America.



Reality:

We need people to take the jobs.



Incentives for
Companies




Incentives for People




New Ideas for a Post
COVID-19 World



Rural America is the Next
Place to Innovate.



American migration
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Population Change, 50 Years Vs. 10 Years
19702019

2010 2019

¥ Rural, Pop Loss ] Rural, Pop Gain [JJj Urban, Pop Loss [ Urban, Pop Gain

Two-Thirds of all rural counties lost population between 2010 and 2019
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Net Changes in
Congressional
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We Are In the Rise of the Third City

POPULATION GROWTH
2010 - 2019



Housing Production Trends

National New Construction and Existing Home Sales Data

[ Recessions s New Home Sales s Existing Single-family Home Sales

250
200

150

Percent

100

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Source: U.S. Census Bureau - Survey of Construction, National Association of Realtors




Housing Production Costs

National Lumber Cost Data

Historically, Lumber reached an all time high of 1000 in September of 2020. Lumber - data, forecasts,
historical chart - was last updated on February of 2021.

@ 1Y 5Y 10Y 25Y MAX JhiChart 23 Compare & Export APl [d Embed
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Source: https://tradingeconomics.com/commodity/lumber



rMONEYEﬂX
Logjam!
From the artic‘e: A journey to the heart of the lumber shortage.

BY HENRY GRABAR MAY 07,2021 « 11:23 AM

"..the price of lumber futures on the Chicago
Mercantile Exchange surged above $1,500 for the
first time, a 300 percent rise from this time last
year. Two-by-fours are suddenly very, very
expensive, sending the cost of building a new
home up by about $36,000 on average,
according to the National Association of Home
Builders. Lumber companies are reporting record

p rof i tS n W TWEET The late-pandemic supply chain crisis never smelled quite as good as it did on Wednesday

. morning in Searsmont, Maine. The air on the 80-acre campus of Robbins Lumber was thick

f suare with the scent of eastern white pine—the tallest trees in the Maine forest—being sliced into

boards. Yet the warehouse, a cavernous hangar designed to store pallets of finished lumber
for shipment, was virtually empty. The company cannot keep wood on the shelves.

JRN— S/a te MO 2027 “Traditionally, these tiers are about four deep with lumber on both sides—you can hardly get a
unit of lumber down the middle,” said Alden Robbins, the company’s vice president. “Look at it

now. We're running at about a quarter of our inventory, and we're running at full speed, that's

@ COMMENT

how much demand thereis. And if we produced 10 times as much as we produce, we could sell
it all right now.”






Next 5 Years / COVID-19 Migration

Second Cities
Kansas City, MO
Minneapolis, MN

Denver, CO
Austin, TX
Nashville, TN

Pittsburgh, PA

Charlotte, NC
New Orleans, LA

Third Cities
Richmond, VA
Des Moines, |IA

Tulsa, OK

Memphis, TN

Little Rock, AR
Birmingham, AL
Wichita, KS
Boise, ID

Fourth - Sixth Cities
Pulaski, VA
Dodge City, KS
Okemah, OK
Paducah, KY
Neosha, MO
Russellville, AR
Murphysboro, IL
Clarksdale, MS

@ms R ALOUIST



Fleeing Big Cities

THE WALL STREET JOURNAL.

Remote Work Could Spark Housing Boom in Suburbs, Smaller Cities .,”

BROOKINGS
“(;:t:id Big Tech’s move to permanent
remote work save the American

heartland?

Mark Muro - Tueschyy, May 26, 2020

AXIOS

Coronavirus may prompt migration
out of American cities

Coronavirus is making some people rethink
where they want to live

BoSton
Will Coronavirus Cause an Urban
Exodus?

&he New Pork Times

America’s Biggest Cities Were Already Losing
Their Allure. What Happens Next?

The urge among some residents to leave because of the
coronavirus r temporary. But it follows a deeper, more
powerful demographic trend.

@

ATLAS
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Workforce

. These needs must be
ngh Speed Infernet met in order to attract
a workforce
Quality of Life

Rural Hierarchy
of Needs




%

15% of the American
workforce =
30 million people



5 Major Findings in the 2021
State of the Nation’s
Housing Report

Erom Joint Center for Housing Studies of Harvard University



https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

1. The Inventory of Homes for Sale Is at

Historical Lows

e By December of 2020, there were just 1.03
million homes for sale.

e Measured by months of supply (how long it
would take for homes on the market to be
sold at the current sales rate), the inventory
of homes for sale was just 1.9 months

e Asof April 2021, there were still just 2.4
months of supply, or 1.16 million homes for
sale nationwide.

From Joint Center for Housing Studies of Harvard University

Figure 1: Inventories of Homes for Sale Fell to a Record Low in

Early 2021
Homes for Sale (Thousands) Months of Supply
4,500 18
4,000 16
3,500 14
3,000 12
2,500 10
2,000 8
1,500 6
1,000 4
500 2
0 0
2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
Inventory e==Months of Supply (Right scale)
Note: Months of supply measures how long it wouid take the number of homes on the market to sell at the current rate, where six months is typically considered a balanced market.
Source: JCHS tabulations of NAR, Existing Home Sales
Mo |
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https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

2. Home Prices Are Rising Rapidly

e Backin June of 2020, prices were rising at

an annual rate of 4 percent, but by March of Figure 2: With Inventories at Record Lows, Existing Home
. . Prices Continue to Head Up

20211 prlces We re over 13 percent hlgher Months of Supply Change in Prices (Percent)

than a year earlier. " v
e Inthe first quarter of 2021, home prices b ;

were up by double digits in 85 of the 100 : :

large markets. : :
. H O m e p riCeS We re u p m O re t h a n 20 pe rCe nt 2010 2011 2012 2.013 2014 2015 2016 2017‘ ‘2018 2019 2020 2021

e s e e e ot s s
Over the pa St yea r in Some met rOS rs“:&f:é JCHS tabulations of National Association of Realtors (NAR), Existing Home Sales; S&PCoreLugmCaseSh\HerUSNa’fujnaj }:{uch uex‘r ) o "

community
studios

From Joint Center for Housing Studies of Harvard University @AT._AS @ ALOUIST


https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

3. Rents Are Down Sharply for High-End
Apartments in Some High-Cost Urban

Markets

e Rents are down sharply over the past year in

several high-cost markets such as San

Francisco (-20 percent), San Jose (-16.5
percent), New York (-15 percent), and Boston

(-8 percent).

From Joint Center for Housing Studies of Harvard University

Figure 3: Rents in Several High-Cost Markets Were Down
Sharply as of Early 2021

Year-over-Year Change in Rents (Percent)
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New York  Washington, DC  Los Angeles Chicago Houston Miami Dallas Philadelphia
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https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

4. Renters and People of Color Fared the
Worst During the Pandemic

e Inthe first quarter of 2021, 17 percent of all
renter households reported being behind on Figure 4: Households of Color and Renters Are More Likely to
. . . Have Fallen Behind on Monthly Housing Payments
rent. Shares rise to 21 percent for Hispanic
renters and 29 percent of Black renter |
households, which is nearly three times the
share reported among white renters. - - L
e Over 16 percent of Black, Hispanic, and Asian -
homeowners were behind on mortgage i

payments, which is more than double the 7
percent share among white homeowners.

Share of i Housing (P

aught up at the time of survey. Black, white, and Asian households are non-Hispanic. Hispanic

ry-March 2021
Joint Center for Housing Studies of Harvard University JCHS.

community
studios

From Joint Center for Housing Studies of Harvard University @AT._AS @ ALOUIST


https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

5. A Growing Number of People Are
Experiencing Unsheltered Homelessness

d The number Of people eXperIenClng Figure 5: The Number of People Experiencing Unsheltered
unsheltered homelessness grew in 2020 for himgtesees ok e lin i

People

the fifth year in a row, and is now up by o

225

50,000 people since 2015. I I I I I I

2015 2016 2017 2018 2019 2020

From Joint Center for Housing Studies of Harvard University @ATLAS ﬁ/ ALOUIST


https://www.jchs.harvard.edu/blog/five-major-findings-2021-state-nations-housing-report?fbclid=IwAR1ull0kPaKKKQtK4WhC2fQ2TrAfwaQlHfkqH4r_Wu9I3y536Txm8XQvG44

3D Technology





http://www.youtube.com/watch?v=H0k_lSt-_NA

Copenhagen,
Denmark

THE BOD

201 8 e % First 3D printed building

in Europe
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www.cobod.eu
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Current Project:
Collaboration with Virginia
Housing and Virginia Tech



Goal: 1550 sq ft, 3BR/2BA
Single Story, Slab on Grade
Home



Kitchen

LLaundry

Den/Living
Room

Front Porch — | |

__________________

Ed Levy, Cromwell Architects Engineers (Little Rock, AR)

Macster Bedroom

Master Bath

@~r». @eLouIsT



Design | Exterior

ATLAS
Phase O: Planning Phase 1: Pre-Construction Phase 2: Construction Phase 3: Post-Construction @ community @ ALQUIST

studios



Design | Interior

ATLAS
Phase O: Planning Phase 1: Pre-Construction Phase 2: Construction Phase 3: Post-Construction community @ ALQUIST

studios



Design | Interior

ATLAS
Phase O: Planning Phase 1: Pre-Construction Phase 2: Construction Phase 3: Post-Construction community @ ALQUIST

studios





http://www.youtube.com/watch?v=q6EeeeeQaVk

OVERVIEW OF THE PROCESS

4 Design & BIM Modeling )

Surface Modeling

N
3D Printing Simulation

ATLAS R ALOUIST



Building Performance Simulation | Thermal

Goal: understand thermal performance
of the enclosure; identify thermal
bridges

Impact: comfort and energy use
Result: window-wall intersection
represents significant thermal bridge
(will adapt detail)

Team Lead: Yash Parmar, M.S. Student




Building Energy
Performance
Simulation

e Site Electricity Use: 8,869 kWh/yr

e Utility Cost: 1,042 $/yr

e Energy Use Intensity: 64.5
kWh/m2-yr

Savings of $648/annually
or 50% of normal costs

Utility Cost

SItAeV Energy Use

soey

=
>
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Building Performance Simulation | Wind/Fire

e Goal: withstand tornado and

hurricane strength / heat and flame
resistant

e Impact: sustainability and longevity

Phase O: Planning Phase 1: Pre-Construction Phase 2: Construction

Phase 3: Post-Construction @ATLAS 6/ AL O UIST



Virginia Tech Building data Lite Comes Standard

Light Sensor Humidity Sensor Motion Sensor Flame Sensor

“— )
@ %
L

Sound Sensor

4

RaspberryPi

Vibration Sensor Temperature Sensor LPG Sensor Smoke Sensor

5 & = &

@ATLAS R ALOUIST



Personal 3D
printer comes
standard in every
Alquist home

@ms R ALOUIST


http://www.youtube.com/watch?v=3ChV0ZSx4bc

The future of
home repairs
& renovations

Lowes, Home
Depot, etc...

@A“AS R ALOUIST





http://www.youtube.com/watch?v=lFtSzi77QYE

The future of
extrusion
profiles

R ALOUIST
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https://docs.google.com/file/d/1aJHdU2mMCd00YxaUtb3Iiv_gPw7jfouX/preview

The Architect’s Newspaper ConstructUtopia
New Beginnings in Old Dominion

Habitat for Humanity and Alquist partner for the Will 3D Printed House Bring
East Coast’s first 3D-printed Habitat home More Affordable Homes to
Virginia?
Us News \hljfli:i:l;r“e‘:il'rl;:rt‘:ﬁ‘s::;:;yn:::;t:rr;:tl:?;:.e;\ges and work out details as they test the revolutionary
3D Printed House Shows Potential Affordable
Housing Solution
GreenBuilder Media Richmond BizSense

. 3D-printed home to rise on Richmond’s
This builder has a 3D answer to the nation’s . . . .
Al qUI St rural housing shortage. SOUthSlde n pIIOt prOJ ect

Architect Magazine
TECHNOLOGY

Week in Tech: A 3D-Printed Option for

a Hot Housing Market
9 @~r». @eLouIsT



Workforce
Development

e Gateway to other trades
e Collaboration with Virginia Tech



Housing Camp

What is Housing Camp?

A menu of 250-minute courses focused on the housing industry

Self-paced and real-time instruction by faculty with industry experience

Offerings in diverse topic areas: construction, design, policy, law, finance, & data analysis
Highly flexible: work with your employer to chart a path and timing

Browse courses here

The Housing Camp advantage

Earn competency-based credentials through badges backed by Virginia Tech and VCHR
Build an online portfolio of skill and knowledge evidence linked directly to your badges
Requirement of in-person, experiential course content

Retain access to courses for life: as a course evolves, your learning can grow with it

commun
studios

1tel

lh Virginia Cer
w for Housing Research

. @ALOUIST


https://www.vchr.vt.edu/housing-camp/modules

Construction

Finance Design

Stay in a
swim lane

(to plca I Homso fadon in Local Housing \ HOUSAE DTS
area) OR

Zero Energy Hous. Analysis 1

Humidity Control in Low Income Housing
Housing Tax Credits

Innovation in ‘ederal Rental Humidity Control in
Residential Constr. sistance Policies Housing

Moisture Control & Fundamentals of Residential Constr.
Durability Resid. Construction Technologies

Pathways toward Net

Zart Ervaegy Fousling Make your own curriculum,
with badges along the way

Fundamentals ¢
Residential Cor ..

Sample of Summer 2020 course offerings

Residential Constr.
Technologies

ALAS RALOUIST






Richmond, VA July 2021 Williamsburg, VA  August 2021

R ALOUIST




Next Steps

e Research and Development

o Materials

Quikrete
Sika
Laticrete
LaFarge

Hempcrete

Speed

m 300 mmps
Heat/Moisture
Structures

m 3story

m  Curved walls

m  Retaining walls
3D Interiors
Panelization
Imprinting

Movement tracks

studios

. §@ALouIsT



Controlling the
Supply Chain




VISION
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Easy to Use, Inexpensive,
Completely Disruptive

PulseWave is cheaper to operate & more capable
than traditional “mechanical” equipment

The PulseWave NRD Mill operates on the novel principle of
resonance disintegration that reduces the particle size of various
materials by applying the physics of resonance, shock waves and
vortex-generated shearing forces, as opposed to the crushing and
grinding processes of conventional millingmethods.

Pulsewave

ReVOI u tl ona ry As a result of it's “no contact” operation, the mill requires far less
M | | | | n g energy than existing equipment.

Te C h no | Og y The science isscalable —both largerand

smaller mills are currently indesign.

The Mill has successfully run over 150
different products, ranging from horse
manure to mine tailings andfrom fiberglass
to carbon black.




REVIVE

INDUSTRIAL

Consumer Product

HEM P

[BLACK BOX MFG]

Industrial hemp can be used in an estimated 50,000 different products across a wide

Building Materials

Sustainable building practices are on the rise to create
more resource-efficient models for construction,
renovation, operation, maintenance and demolition.

Paper Products

For the last 130 years, hemp has been all but eliminated
from the papermaking process with the development of
wood-based pulping techniques.

Composite for Automobiles

High-end automobile manufacturers suchas BMW,
Mercedes, Jaguar andVolkswagen have been using
hemp-based composites and plastics for various parts.

Hemp Based Food

There are dozens of hemp-based food brands lining

shelves at natural grocers like Whole Foods, Sprouts and
Trader Joe's as well as big-box retailerslike Sam's Club,

Costco and Target.

spectrum of industries.
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Nanomaterials

One of the most exciting innovations in the last few years
isthe development of graphene-like nano-sheetsused for
supercapacitor electrodes created from industrial hemp
bast fiber.

3D Printing Filament and BioPlastics
For the last 130 years, hemp has been all but eliminated

from the papermaking process with the development of
wood-based pulping techniques.

Farm Tech and Agriculture

CBD products are being sold throughout the U.S.in
foods, tinctures, salves, lotions, beverages, capsulesand
patches.

Soil Remediation & Reclamation
Industrial hemp has long been considered a good rotational

crop because of its ability to detoxify and replenish
the soil with nutrients from crops that use pesticides, ‘
herbicides and fertilizers. [e)
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BLACK ¢
BUFFALO

ATLAS R ALOUIST



Next Alquist Prints*

° Malvern, IA (pop 1,015)
o 40-60 Single Family Units
o March-August 2022
° Pulaski, VA (pop 9,086)
o 10-20 Single Family Units
o June 2022
° John Day, OR (pop. 1,875)
: iii:?iz::;gzlooo 59 It units *Turned away over 1000 units in 9 states
o Veteran Housing
° East Stroudsburg, PA (pop 10,333)
o 4-6 2-Story Quads
o June-October 2022
° Roanoke, VA (pop. 99,229)

**Potential homes for Afghan Refugees

o 150 units of single and multi-family

o October 2021 - October 2023

o Innovation Campus @ﬂ'ﬁs:, @ AL O UIST

studios



Services

e Consulting

o 3DCP Printer Selection

o 3DCP Printing Services and Troubleshooting
e Print Services

o  Full Sub-contracting

o Full Development BLACK '
e Partnerships BUFFALO

o Sub-contracting

o Development

o 3DXChange Leasing 3DX©HANGE ®ATLA5 ﬁ/QL.OUIST



Workforce

. These needs must be
ngh Speed Infernet met in order to attract
a workforce
Quality of Life

Rural Hierarchy
of Needs




30 Million Americans are
looking for a new place to
live, work, and play.

The time is now.
The time is urgent.

@ms R ALOUIST



Rural America is the
Next Place to Innovate.



“The remote work revolution promises to change the way that Americans
work and live. It will allow smaller cities, suburbs and rural areas to
compete with the superstar cities on the basis of price and amenities. It
will shift the main thrust of economic development from paying
incentives to big employers to investing and building up a community’s
quality of life. As communities attract more remote workers, their tax
bases will grow, allowing them to improve schools and public services,
benefiting everyone. Eventually, companies will come too. That holds out
the possibility of a better, virtuous circle of economic development.”

Richard Florida | University of Toronto School of Cities
Wall St. Journal, March 6, 2021

@~r». @eLouIsT



Habitat for Humanity
Home:

Williamsburg, VA





http://www.youtube.com/watch?v=8pOuYyGTwjg

©AL0UIST30
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Zachary Mannheimer, Founder and CEO
zmannheimer@Alguist3D.com
www.Alquist3D.com



mailto:zmannheimer@alquist3D.com

