Regenerative Design:
A Bridge between Sustainability and Resilience
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Weeks after Tesla founder Elon Musk and Gov. Ricardo Rosselio spoke about the tech company aiding Puerto Rico, Tesla
says it has restored electricity to a children’s hospital, using solar energy and batteries.
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SUSTAINABLE BUILDING 2030

NET SITE ENERGY TARGETS

MINNESOTA SB 2030 : : S :
Medium Office Building in Minneapolis

Goal of net-zero energy

= 160
Average building: E
+ Based onthe ASHRAE198990.1 % MINNESOTA 6 2030
Energy Code 3 B 2030 CHALLENGE
* Calculated with the SB 2030 120 . OFF-SITE RENEWABLE ENERGY
Energy Standard Tool
100
2030 CHALLENGE 80
Goal of carbon neutrality 60 7 |
Average building: A,
* Based on existing building 46 ,
energy use (CBECS 2003 data) ) e,
* Calculated with the EPA Target 20 { "*vee.,
Finder I %75
Ny N
Average 2005 2010 2015 2020 2025 2030
Bullding

Regenerative Design: A Bridge Between Sustainability and Resilience
February 26, 2019



MINNESOTA SUSTAINABLE BUILDING 2030

CASE STUDY METRICS — www.casestudies.b3mn.org

\
MnSCU Mankato Clinical Tettegouche Visitor Center and
Sciences Building Rest Area

Hennepin County 911 Facility

Kendall's Payne Avenue Minnesota National Guard Winona ~ MSU d NHCC Biosciences and Health
Hardware Armory Renovation Building Careers Center

BSU Memorial Hall Renovation Camp Ripley COE Training
Facility

NCC Academic Partnership SCC Classroom Renovation and UMM Green Living and
Center Addition Learning Community

i

STCC Medium Heavy Truck Duluth Entertainment and
Structure and Business Incubator and Auto Body Convention Center
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DESIGN MEETS SB 2030 FOR 2020

RESULTS — ENERGY (DESIGN/SB 2030 STANDARD)

80% reduction from baseline

DESIGN MEETS SB 2030 FOR 2015

709

reduction from baseline

B3 Case Study Projects -
Design Target EUIl Percent Reduction from Baseline EUI
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Code-Based Buildings - ASHRAE 90.1 2010 Total Energy Use:
2015 Energy Grid 60,984 MWh / year

Bullt Up Area:

Low Demity Mousing 532,000 ft2

Med Darwity Housing 1,296,000 f12 Natural Gas Imported
High Density Housing 570,000 fr2 21,344 682,557 kWh /[ year
Chvic 50,000 fr2

35% of Total Ene
Rotad and Mived Use 375,000 f12 M
Instrtunonal 194,000 fr2 : ,

Total « 3,019,000 h2

Electricity Imported
39,640,124,749 kWh / year

65% of Total Energy
Wind Generated - 15%

Hydro Generated - 6%

Biomass Generated - 4%

Nuclear Generated - 30%

Natural Gas Generated - 8%

Coal Generated - 37%
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Code-Based Buildings - ASHRAE 90.1 2010 Total Energy Use:
2030 Energy Grid 60,984 MWh / year

Bullt Up Area

Low Dersity Houting S34,000 02

Med Danstty Housing 1,206,000 A2 Natural Gas Imported
High Density Housing 570,000 A2 21,344,682 557 kWh / year
Cwle 50,000 2

35% of Total Energy
fertail and Mived Use 175,000 &2 — —
Institurional 104,000 12 - o

Total - 1,019,000 fr2

Electricity Imported
19,640,124,749 kWh / year

65% of Total Energy
Wind Generated - 25%

Mydro Generated - 2'N

Bromass Generated - 0%

Nuclear Gonerated - 28'%

Natural Gas Generated - 22%

Cosl Generated - 15%

Solar Generated - 8%
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SB2030 80% Better Buildings Total Energy Use:

2030 Energy Grid 26,121 MWh / year

57% Reduction
Built Up Area
:\:no::.m . 1;:?3 :; Natural Gas imported
Mg Densty Houseg - 370,000 A2 9,142 392 kWh [ year
Cavic - 50000 N2

5% of Total Energy
Retad and Maed Use s - —
woatititons =rc=- -

Total -

Electncity Imported
16,978,730 kYWh / year

65% of Total Energy
Wind Generated - 25%

Hydro Generated - 2%

Biomass Generated - 0%

Nuciear Generated - 28%

Natural Gas Generated - 22%

Coal Generated - 15%

Solar Generated - 8%
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PV Electricity Potential;
SB2030 80% Better Buildings IS 11 K you Total Energy Use:
(&) of Area
H BY9% of Electricity Demand 26 1 21 MWh / ear
2030 Energy Grid + PV Roofs e ' y
Built Up Area:
Low Density Mousing 534,000 ft2
Mad Dansity HOUSIng - 1,296,000 fr2 Natural Gas Imported
High Density Housing 570,000 f2 9,142,392 kWh / year
Civic - 0,000 ft2

35% of Total Ene
Ratad and Mixed Use - 375,000 2 w
Institutanal 194,000 fe2

Total - 3,019,000 ft2

Electricity Imported
1,759,578 kWh / year
7% of Total Energy
Wind Generated - 25%

Hydro Generated - 2%

Biomass Generated - 0%

Nuclear Generated - 28%

Coal Generated - 15%

Solar Generated - B%
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PV Electricity Potential;

SB2030 80% Better Buildings 15219132 0B yoae Total Energy Use:
o rea

Renewable Energy Grid + PV Roofs 58% of Total Energy 26,121 MWh / year

Built Up Area:

Low Density Housing 534,000 2

Med Dessity Housmg - 1,296,000 n2

High Density Housing - 570,000 f12

Chee - 50,000 ft2

Retail and Mived Use - 375,000 12

nstitutional - 194,000 2

Total - 3,019,000 2

Electricity Imported
10,901,970 kWh /[ year
A2% of Total Energ

Renewable Generated
Solar Power

Wind Power

Hydro Power
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Net-Zero

PV Electricity Potential:

SB2030 80% Better Buildings 10,448,649 kW / yeor Total Energy Use:
55% of Roof Area, 100% Of Demand

On-Site Renewable Energy 40% of Total Energy 26,121 MWh / year
Net-Positive

Bullt Up Area: PV Electricity Potential:

Low Density Housng - 534,000 f12 15,219,152 kWh / year

::': z:::v :‘::::‘ Lﬁ:‘g :22 100% of Roof Area, 145% of Demand

c,:c ol ¢ ¥ 50,000 ft2 4,770,703 kWh back to grid, electricity for 451 single family homes

Retail and Mised Use - 375,000 f12

Institutional - 194,000 fr2

Total - 3,015,000 ft2

Heating and Cooling Energy Generated by
Aquifer Thermal Energy Storage System
15,672,673 kWh / year

60% of Total Energy
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OFFICE PROTOTYPE

IMPROVED CASE - BY THE NUMBERS
Office and Retall

BUILDING DFTAILS

176,865 lutal 41

30,865 Mital 51 on 1ot Vo
30,000 Offce SF on 2nak6th Flocs
30,000 Aoot oF

ENERGY PERFORMANCE
22,3 fitu/ sty B
$10,837 kW Phutovaltac Armay

WATER USE

F2% ol Potabsle Wter Der
try Pairdad
A3 Gafon Demand por Panson per

Dey

VALUE

$000 /51 aswiivw

$000 / % et 2w Eranyy

$000 / 7 Net 2o Wty

$000 / W Liviyg Disdcding Chalenos
MAJOR DESIGN STRATEGIES

5% Potable Water Demand Reduction
Rairvwvater capture & Gevywater reine
Increased # Yolues far ‘Walls & Hoot
Improved Glazing Pecfarmance
|mproved HYAC systemn and sfficiency
Lightting Pawesr Danimes reduced 50%
Eguipment Power Densty Seduced 40%

IMPROVED CASE - ENERGY USE
Office And Retail

73.0

ASHARZ 801
2007 Bavetew

Ul = Energy Use Intensity measured In kBtw/styr

(62.2)
52.4

ASHRALE 903
2010 Rasntwe

4LH98

I I46.3

Exrosa 'Wall
A Glazing

(20¢.X) ELt resilt from €5 Analysis
XXX EUF result from eQuest Analysis
XX EUN from standard or benchmark

33.6

28.9

HYAL Syvtaem Racucod drrenor
Lighting Loads
Txterior Wendow
Shades arul
DPayhijhe
Semon

(33.0),
22.6 225 °
11.3
S0 Roduted .l’;:'.v.w Enmgy
BO% Reduction Equipmant Moduction
Goa Powenr Donaity
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RESIDENTIAL PROTOTYPE

IMPROVED CASE - BY THE NUMBERS
Muiti Family and Retail

BUILDING DETAILS
219,096 00l 5
7,658
VP Units oo 158 61h Floos
0TI o0 =

IMPROVED CASE - ENERGY USE
0o Muiti Family and Retail

(XXX ) EUI result from JES Analysis

XXX EUL retuilt from eQueat Analysis

ENERGY PERFORMANCE
kR stryy ELI

S11A70 ¥W Phatovalias Arcay

92.0

(78.0)**'
81.1

ASHRAZ w0y
2010 Baseline

(69.2 ).’.\6.3
75.5

WATER USE
3% of Duviubie Wietes Dierriond et
by Neinde

18,13 Cabiem e

(42.2)°*
41.8

MAJOR DESIGN STRATEGIES

53% Potable Weter Demand Reduction
Rainwater capture & Greywatsr rmas
Incrussed RValues for Wl & foof
Impioved Glaring Performance
Lighting Powes Densities reduced 20%

Lights dim when dayligheing reaches & ANRAF 90|
Ord " ioed fot otk po 2017 Raneberw

32.0

Extwyrer Wall
& oot

HVAL Systom High EMclency
Applance
Savduced Ectanor
Lightieng Lowds
Neducod mtence

Lighning Loads

EUL= Energy Use Intensity measured In kBtu/st/yr

(38.6)°*°

XXX EUL from standard or benchmark

372 (288
21.9
si2us PV Aarawy Ervergy
80% Redacton Hrodction
Gosl
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40 kBtu/sf/yr

360 Low Rise Prototype
48 Units, 147 Residents
3 Stories

20 61,170 ft2

35 kBtu/sf/yr [~

30 k8tu/sf/yr |~
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20 kBtu/sffyr [~ PV Generation
b - ------------------)pmnﬁa|
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15 kBtu/sf/yr |~ 13.9
10 kBtu/sf/yr |~
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0 kBtu/sf/yr : : b —
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Low Rise Prototype

52 Units, 170 Residents
5 Stories

67,845 ft2
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Existing Throughput Systems

inputs outputs

‘ .
]
]
I
1
: consume :
I 1
- Efficiency as end goal - Degenerative linear flows

John Tillman Lyle, Regenerative Design for Sustainable Development, 1994
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Regenerative Systems

assimilation

distribution

storage

- Effectiveness as end goal - Symbiosis
- Within renewal capacity - Closed-loop system
- Integrate with natural processes - Multiple pathways

John Tillman Lyle, Regenerative Design for Sustainable Development, 1994
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Resilient Adaptation of Sustainable Buildings

Center for Sustainable Building Research

University of Minnesota
May 2018



Vulnerability Assessment Framework

$SERDP GESTCP

OO » EPA « Do

Assessment Framework

1. Establish
assessment team

2. Gather

iy

A

\\
B

-

SERDP and ESTCP Webinar Series (#43)

priorities
7

> =* information and set \
\

7/
-

3. Obtain climate

information o T "
/ N
fi v
4. Estimate/model 5. Consider
R = consequencesand ™|
P adaptations I
A 7 |
N / I
~ -
e RS I
I
|
I
Apply, document, ‘________________'
and learn

26

SERDP and ESTCP Webinar Series, Vulnerability Assessments and Resilience Planning at Federal Sites, 2016

Strategic Environmental Research and Development Program (SERDP)
Environmental Security Technology Certification Program (ESTCP)
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Adapting to Climate Change
In Minnesota

BUILDING
RESILIENCE IN
BOSTON

A STRONGER,

 NEW YORK




Future Weather Files

MINNESOTA WEATHER EVENTS CAUSING >$10,000 IN PROPERTY DAMAGE, 1996-2016
100

L

155 1598 1998 2000 2001 2002 2002 2004 2005 2005 2007 008 2008 2010 2011 2012 23 2014 2015 2016

ES

A
o

[x]
(=

ke
L=

B Flcod mFlashFlood Wildfire ®Tormade MBHIghWind ®Winter Storm

Figure 4: Weather Evants Causing Significant Damage in Minnesota Regenerative Design: A Bridge Between Sustainability and Resilience
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Future Weather Files

FEMA DECLARED DISASTER EVENTS BY MONTH - MINNESOTA -1957-2016

14

12
10
0 I | I I I L
Feb Mar Apr hizy J Aug Sept Qet Mo

a

=1}

I

(L]

Jan une July Dec

Figure 5: FEMA Disaster Declarations by Month
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Future Weather Files

—
Q
S

GHG emission pathways 2000-2100: All AR5 scenarios

140 -
[ >1000  ppm €O eq — 90th Percentile ot

—~ 120] [ 720-1000 ppm CO,-eq — Median ‘/',— RCP8.5
= [ 580-720 ppm CO,-eq — 10th Percentile =~ =" ' -
@ 100 530-580 ppm CO,-eq —u* e AR =
8N [ 480-530 ppm CO,-eq % = T I K
& (7] 430-480 ppm CO,-eq e S
= 80 | -- Full ARS database range
S
2 60
£
@
£ 40
()
= .
s 20 e W >
e _
< y , , II L

0 “s-- = ‘ .:: =

-20 . . . . = . ,
2000 2020 2040 2060 2080 2100 2100

Year

Intergovernmental Panel on Climate Change, Fifth Assessment Report. 2014

* Morphed weather files for the Minneapolis / Saint Paul Area
* Future performance analyzed using RCP 8.5, 50t percentile
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Future Weather Files

Strategy Hours: Actual and Percentage
Now 2030 2040

Comfort 942 11% 885 10% 936 11%
Sun Shading of Windows 586 7% 778 9% 817 9%
High Thermal Mass 154 2% 217 2% 240 3%
High Thermal Mass Night Flushed 154 2% 228 3% 256 3%
Direct Evaporative Cooling 109 1% 179 2% 198 2%
Two-Stage Evaporative Cooling 111 1% 192 2% 216 2%
Natural Ventilation Cooling 104 1% 162 2% 170 2%
Fan-Forced Ventilation Cooling 72 1% 104 1% 106 1%
Internal Heat Gain 1589 18% 1353 15% 1361 16%
Passive Solar Direct Gain Low Mass 899 10% 826 9% 796 9%
Passive Solar Direct Gain High Mass 624 7% 559 6% 539 6%
Wind Protection of Outdoor Spaces 259 3% 254 3% 249 3%
Humidification Only 0 0% 0 0% 0 0%
Dehumidification Only 491 6% 659 8% 692 8%
Cooling, add dehumidification if needed 305 3% 549 6% 604 7%
Heating, add humidification if needed 4791 55% 4545 52% 4436 51%

Predicted Effectiveness of Comfort Strategies for Minneapolis / Saint Paul — Climate Consultant, UCLA Energy Design Tools Group

Regenerative Design: A Bridge Between Sustainability and Resilience
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Future Weather Files

Strategy Hours: Actual and Percentage
Now 2030 2040
Caomfort 942 11% 1 885 10% 93R 1%
|_ Sun Shading of Windows 586 7% 778 9% 817 9% ]
HIEN Tnermar vass 158 | Zh Z17 2% 240 3% |
High Thermal Mass Night Flushed 154 2% 228 3% 256 3%
Direct Evaporative Cooling 109 1% 179 2% 198 2%
Two-Stage Evaporative Cooling 111 1% 192 2% 216 2%
Natural Ventilation Cooling 104 1% 162 2% 170 2%
Ean.Earced \entilation Caaling Z2 o 7ANS I Vs 7/ W E_— LA 106 ‘L7
Internal Heat Gain 1589 18% 1353 15% 1361 16%
Passive Solar Direct Gain Low Mass 899 10% 826 9% 796 9%
PassiveSotarBrectGairrigiriviass s r—r— 53—
Wind Protection of Outdoor Spaces 259 3% 254 3% 249 3%
Humidification Only 0 0% 0 0% 0 0%
(Debumidification Only 491 b2 828 8% £92 v —
[Cooling, add dehumidification if needed 305 3% 549 6% 604 7% ]
[Heatng, aad numiamcaton i necaed 4791 5o% | 4545 | 22% | 3436 | oIm

Predicted Effectiveness of Comfort Strategies for Minneapolis / Saint Paul — Climate Consultant, UCLA Energy Design Tools Group
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Future Weather Files

* Energy use in code buildings decreases over time
* Increase in cooling load is outweighed by decrease in heating loads
* Energy use in high performing buildings stable over time

Multifamily - Energy by End Use Over Time

4006

1000
:UL I I I I I I
- . . .
i | === ==
2040

Curre 20 urrent 2030 2040 Current 2030
ASHRAE 90 1 2004 ASHRAE 90.1 - 2010 OPTIMIZED

B Space Heating  ®m Chillers Hot Wate W Lighting ®Equipment W Fans, Pumps, Misc
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Future Weather Files

* Energy use in code buildings decreases over time
* Increase in cooling load is outweighed by decrease in heating loads
* Energy use in high performing buildings stable over time

Library - Energy by End Use Over Time

I I I |
040

2030 Current 2030 2040 Current 2030

ASHRAE 90.1- 2004 ASHRAE 90 1-2010 OPTIMIZED

BSpace Heating. | Chillers Hot Water ®mLighting BEquipment B Fans, Pumps, M
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Future Weather Files

Solar Energy Generation Potential - Multi-Family Housing Site

Site

923,829 kWh / year
22.31 kWh / ft2 / year
76.12 kBtu / ft2 / year

120,000 [~
100,000 [~

80,000 [~

60,000 [~

40,000 [

kWh Produced Per Monih (Site)

20,000 [

1 1

4 Story Building - Flat Roof

5 Story Building - Flat Roof

13.32 kBtu / ft2 / year

1 1 L L

10.66 kBtu / ft2 / year

0
Jan Feb

March  April May  June  July

Aug Sept Oct Nov Dec

Figure 17: Potential Annual Production of Solar Panels in Minneapolis / Saint Paul
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Future Weather Files

Annual Precipitation on Multi-Family Housing Site:
32" or 825,954 Gallons

Evapotranspiration - 35%
289,084 gal / year

Evaporation - 10%
82,595 gal / year

Run Off - 5%
41,298 gal / year

e

One Year Storm 24-Hour Rainfall:
2.25" or 58,064 US Gallons

Five Year Storm 24-Hour Rainfall:

3.50” or 90,321 US Gallons Infiltration - 50%

412,977 gal / year
Ten Year Storm 24-Hour Rainfall:

4.10” or 105,805 US Gallons
Figure 18: Annual Pre-Development Precipitation and Rain Distribution Minneapolis / Saint Paul

Resilience Adaptation of Sustainable Buildings

© 2018 Regents of the University of Minnesota, Center for Sustainable Building Research
27
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Regenerative and Resilient Design Strategies

Regenerative Goal + Macro Strategies Micro Strategies
Resilfent Goal

{Design for passive ventilation j
—CDesign for passive heating and cooling j
Renewable and r— -
Islandable ————————{_Design for daylight )
Energy Source 7 e - :
Maintain Habitable Temperature )— {_Utilize shading devices j
s {Provide hook-ups for temporary power j
. g p
Co"ggxg of Operate Building in Low Power Mode} —l\Enhance envelope insulation and thermal mass J
\
l— ( -: Elevate HVAC / electrical equipment J
— L Stoye Energy I —t=—————— Battery storage )
Water :’ Program building automation system for dual mode operation
ystem ical and emergency
l—sl— { R e T } >(E::c;:cy lie hting ci )it
§ ghting circul
Continuity of ( 3 ‘—[Coﬂect, store, treat rainwater from roof J
Water and L Greywater Capture:+ Use - = :
Sanitation {_Oversize roof drains J
— Potable Water Distribution } ———_Plumb for greywater separation J
Shelter Qsmre and treat greywater j
Provide Refuge } { Distribute potable water without electricity P
N \
:Store emergency provisions j
{ Build sheltered spaces j
\_(large enough to shelter other members of community)
_‘% Insulate water system j
—(Ensure sinks and toilets operate without power j

Regenerative Design: A Bridge Between Sustainability and Resilience
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Prototype: Multi-Family Residential

ENERGY SYSTEMS

STORAGE: [)C Battery gy

EFFICIENCY' a
Air ex i.‘n ira

/»//

1 GATHER: Solar Pan

3 REDUCE DEMAND
2rey 1O pows oul 12

|

v

_ | le
.. H
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i
I]

I
g
)

l[‘

[ | [‘:
! | ' connection to
TN ] E

ELECTRICAL GRID
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W*
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Prototype: Multi-Family Residential

WATER SYSTEMS

| |

| : | |

| : | |
, v v i 3

T

_____________________ s BLACKWATER
- 10 site treatment

N axcess GREYWATER
/ tasite treatment

STORAGE: 2’

REDUCE DEMAND: 5 5 STORAGE foctior



Prototype: Multi-Family Residential

VENTILATION SYSTEMS

i EFFICIENCY:

1

| i‘ | SR < . . i
4 M R, [ TR o .an —

Uil
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Prototype: Multi-Family Residential
RESIDENTIAL ENERGY USE - JUNE 18
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Standard Operation

Simulated Energy Use during Standard Operation and Shelter in Place Operation. Energy Modeled in IES-VE 2015
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Prototype: Multi-Family Residential
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Predicted PV Production and Predicted Energy Use. Energy Modeled in IES-VE 2015, PV data from NREL PVWatts
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Prototype: Library

ENERGY SYSTEMS

STORAGE: DC Battery

storage and Inverter

1 GATHER: Solar Panels

EFFICIENCY: Air Exchanger

with Heal Recovery

EFFICIENCY:

Condensor

9 EFFICIENCY: In-Floor Ventlation and Evaporator

6 REDUCE DEMAND: Lignt Tubes

REDUCE DEMAND:
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Prototype: Library
WATER SYSTEMS
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Prototype: Library

VENTILATION SYSTEMS
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Prototype: Library

1 Mile Radius - Public Library

1 Mile Radius - Rec Center

1

Potential Areas Served by Disaster Hubs

Regenerative Design: A Bridge Between Sustainability and Resilience
February 26, 2019



Prototype: Library

Library can support approximately 550
people in ‘hub mode’
* Roughly 10% of population living
within % mile

« Statistically will include:

* 64 people with a disability

e 125 people living within

150% of poverty line

e 1/2 Mile e 42 children under age 5
&1 * 52 people over age 65

Potential Population Served by Disaster Hubs
American Community Survey, 2015
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Prototype: Library

LIBRARY ENERGY USE - JUNE 18
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Simulated Energy Use during Standard Operation and Disaster Hub Operation. Energy Modeled in IES-VE 2015
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Prototype: Library

SOLAR PANEL PRODUCTION POTENTIAL VS. DEMAND - LIBRARY
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Predicted PV Production and Predicted Energy Use. Energy Modeled in IES-VE 2015, PV data from NREL PVWatts
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Future Research

Specific sizing and capacity for electricity and water systems
 Code and regulatory barriers to implementing resilient strategies
* Financial implications and possible paybacks

e Additional assessment and modeling of critical loads

e Equitable and just access to resilient buildings

* Resilient models of other building and program types

* Real life design and implementation!
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Next Steps

Resilient Adaptation of Sustainable Buildings
Center for Sustainable Building Research

University of Minnesota
May 2018

BUILDINGS, BENCHMARKS & BEYOND

Tools and Programs for Sustainable Buildings in Minnesota

View the full
report at
www.CSBR.umn

Center for Sustainable Building Research

COLLEGE or DESIGN

UNIVERSITY OF MINNESOTA
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Thank you!
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