Regenerative Design:
A Bridge between Sustainability and Resilience
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Weeks after Tesla founder Elon Musk and Gov. Ricardo Rossello 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

MINNESOTA SB 2030 NET SITE ENERGY TARGETS

Medium Office Building in Minneapolis

Goal of net-zero energy . 160
Average building: f. n
+  Based on the ASHRAE 1989 90.. 2 MINNESOTA 56 2030
Energy Code 3 . 2030 CHALLENGE
* Calculated with the SB 2030 190 1 OFF-SITE RENEWABLE ENERGY
Energy Standard Tool
100
2030 CHALLENGE -
Goal of carbon neutrality 60 -
Average building:
* Based on existing building a0 -
energy use (CBECS 2003 data)
* Calculated with the EPA Target 20 -
Finder
0 - .
Average 2005 2010 2015 2020 2025 2030
Building
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MINNESOTA SUSTAINABLE BUILDING 2030

CASE STUDY METRICS — www.casestudies.b3mn.org

a2 A Tl Sh e
MnSCU Mankato Clinical Hamliﬁe Station Tettegouche Visitor Center and
Sciences Building Rest Area

NHCC Biosciences and Health
Careers Center

Kendall’'s Payne Avenue Minnesota National Guard Winona
Hardware Armory Renovation

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

P

BSU Memorial Hall Renovation Camp Ripley COE Training
Facility

Duluth Armory

Maplewood Mall Parking PTC Entrepreneurship Center Washburn Center for Children STCC Medium Heavy Truck Duluth Entertainment and
Structure and Business Incubator and Auto Body Convention Center

Silver Creek Corner




Results — Energy (design/SB 2030 standard)
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zEPI* Scale to ZNE

National Milestones
CBECS** 2003 Average

ASHRAE 90.1-2004

Current Minnesota Code ssnras 90.1-2010
ASHRAE 90.1-2013

IgCC-2015 (Chapter 6)

Arch 2030 Goal - 2010

Arch 2030 Goal - 20715

AT TR
Arch 2030 Goal - 2020
A Lo N
Arch 2030 Goal - 2025

Zero Net Energy

Policies and Projects

Average Performance of United States's
Building Stock in the Year 2000

Zero Net Energy

* zEPI-Zero Energy Performance Index

** CBECS-Commercial Bulldings Energy
Consumption Survey-U.S. Department of Energy
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IGCC

TABLE 612.1 REFERENCE ANNUAL ENERGY USE INDEX (EUI,)

[CLIMATEZONE 1A|2A|28l3A|3B]3C|4A|4B|4C|5A|5 ; |6A] = l 7 [ 8
lUse and 0ccupancy. Reference EU'; skBtu/sf/yrg
Business (B)
|Office 1541591541151 [140[137[167 144152179196 1§#6]208[282
IBank 154|159[154|151|140[137 167|144 152179158 1§6]208[282
edical office (non- i
B'i_agnostic) 115[118|115|113|104(102]125[108|114|134|1 % 181]1561210
Storage (S-2)
Distibution/Shipping  105/67 oo 66 64 [55 [75 [70 fe6 |e7 8 119|186

Mercantile (M)

|Grocery/Food Store [448l476452}484|450|473|522|479]|514|554 |58 |592]58 11633[758

Assembly (A)

[Library (A-3) [234]232[224230[217 209|254 228235275 246|304 |28 7327 |4 34
Educational (E)

'g':,:';f)'l"”y’“'dd'e 140139134 /134/128|124|148|132|132}160|1 4 1193274

Institutional (1-2)

[Hospital/inpatient Health|417]422]397 [408 388407 [425 366 [396[425 3 % Ja 30 [ 3§ 4 [a46]532

a, Use and occupancy as determined by Chapter 3 of the International Building Code.

Figure 4 — EUI Reference Table from IGCC 2015
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First, define the building's parameters

Building Definition = o usick |

Building Type Gross Building SF Location
‘ Office ‘ ft? ‘ ‘ Minneapolis v
Spa ce Asset Areas Add Area # Scale All To Fit FH Summary
. G | - +w

Retail 1 Office

Type: Retail Area: 26,865 ft2 (15%) | Type: Office Area: 150,000 fi2 (85%) "

Floors: 1 Arrangement: Stacked Floors: 5 Arrangement: Stacked

Construction Type: New Construction Type: New

Edit Edit

Exterior Lighting
Parking Area llluminated Number of Main Entrances Number of Secondary Entrances

0 ‘ ft? 1 1

Exterior Wall Area llluminated:

: r
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EB]SBzoso bu @ —h —X—0O
i Intro Building HVAC Results

. Annual SB 2030

I
0 51 90
Target
Energy Standard qatu/ay)
Ta FgE‘t {based on 70% reduction) 51
Carbon Dioxide (ios coz/ttjyn)
Ta FgE‘t {based on 70% reduction) 15
Building
Project Name DLI Organization CSBR
Building Type Office Location Minneapolis
Gross Building SF 176,865
Space Asset Areas
Retail 1
M%ype: Retail m:l.'ype: Office

Area: 26,865 ft? (15%) Area: 150,000 ft? (85%)

Floors: 1 Floors: 4

Arrangement: Hosted Arrangement: Adjacent

Construction Type: New Construction Type: Renovated

Cooling: Not District Cooling: Not District

Heating: Not District Heating: Not District
Exterior Lighting
Parking Area Illuminated 0 Number of Main Entrances

Number of Secondary Entrances 0 Exterior Wall Area Illuminated
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Code-Based Buildings - ASHRAE 90.1 2010 Total Energy Use:
2015 Energy Grid 60,984 MWh / year

Built Up Area:

Low Density Housing - 534,000 ft2

Med Density Housing - 1,296,000 ft2 Natural Gas Imported
High Density Housing - 570,000 ft2 21,344,682,557 kWh /year

Civic - 50,000 ft2 35% of Total Ener,
Retail and Mixed Use - 375,000 ft2 = w
Institutional - 194,000 ft2 3 S

Total - 3,019,000 ft2

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%

College of Design
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Code-Based Buildings - ASHRAE 90.1 2010 Total Energy Use:
2030 Energy Grid 60,984 MWh / year

Built Up Area:

Low Density Housing - 534,000 ft2

Med Density Housing - 1,296,000 ft2 Natural Gas Imported
High Density Housing - 570,000 ft2 21,344,682,557 kWh / year

Civic - 50,000 ft2 35% of Total Energy
Retail and Mixed Use - 375,000 ft2 —
Institutional - 194,000 ft2 s e -

Total - 3,019,000 ft2

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

65% of Total Energy
Wind Generated - 25%

Hydro Generated - 2%

Biomass Generated - 0%

Nuclear Generated - 28%

Natural Gas Generated - 22%

Coal Generated - 15%

Solar Generated - 8%

-
College of Design
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e
Estimated Site Energy Utilization Intensity (EUI) for different new building types in climate zone 6A (St. Paul) using different energ K 'I ‘ n
codes or certification systems.

~ Sustainable Consultin
w| COMPARATIVE SITE EUI ’
Energy
KBtu/ft fyr Code i

Code S @ ® ®

=l 2l 8l s = = | 2l & (<2

= e o Dyl ] 9 = Q Fe £ -
*| 8 |g8|z8[8 |8 |8 (B8 | E[3_|3a|8s
%3 ¥ |2z|22|8 |8 _|8_|8 sels2l58|%8

H s |zs|s3|ss|ss|ss|os|5e|28|2s|t
Building Type n.§ 2 |2 |2 8§ 2% 8§ R 9 £| 88 85 :Sg
Small office 5502| s537| 418| 372| e630| 473| 315| 1s8| 143| 371| 258| 187
Medium office s3628| 622| 462 428| e620| 465| 310| 155| 143| 361 252| 187
Large office 498588 | 99.7| 88| 85| e00| 450| 300| 150| 143| 361| 251| 187
Stand-alone retail 24692 | 107.2| 719 619| s59.0| 443| 205| 148| 143| 363| 252| 187
Strip mall retail 22,500| 1183| 854 779| e00| 450| 300| 150| 143| 363| 253| 187
Supermarket n/fa| 2080| 14s.0| 1287| 1190| 893| s9s| 298| 143| 360| 251| 187
Primary school 73959 | 1001| 751 e678| 700| s525| 350| 175| 143| 361| 251 | 187
Secondary school 210887| 984| e647| s562| 600| 450| 300| 150| 143| 361| 251| 187
Hospital 241,501 | 179.9| 1385| 1305| 790| s593| 395| 198| 143| 361] 251| 187
Outpatient health care 40,946 | 161.5| 123.3| 1188| s520| 390| 260| 130| 143| 362 252| 187
Full-service restaurant 5502 | s570.2| 4709 | 4s08| 900| 675| 450| 225| 143| 371| 258| 187
Quick-service restaurant 2,501 781.9 723.0 | 689.6 98.0 73.5 49.0 24.5 14.3 38.3 26.6 18,7
small hotel 43202| 874| 7s8| 715| soo| 375| 2s0| 125| 143| 28s5| 196| 1s0
Large hotel 122,120 | 151.8| 119.1| 1094| e630| 473| 315| 158| 143| 285| 195| 150
Warehouse s2,0a5| 353| 252 236| 420| 315| 210| 105| 143| 362| 252| 187
Mid-rise apartment 33,741| e80| 04| s573| s820| e615| 410| 205| 143| 286 196| 150
High-rise apartment 84360| 721| es8| e612| 880| e660| 440| 220| 143| 285]| 195| 150

© 2010-2014 Krifcon Engineering PC N/
r D ~ - -p e
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SB2030 80% Better Buildings Total Energy Use:
2030 Energy Grid 26,121 MWh / year

57% Reduction
Built Up Area:
Low Density Housing - 534,000 ft2
Med Density Housing - 1,296,000 ft2 Natural Gas Imported
High Density Housing - 570,000 ft2 9,142,392 kWh / year
Civic - 50,000 ft2 35% of Total Energy
Retail and Mixed Use - 375,000 ft2 = —
Institutional - 194,000 ft2 = g
Total - 3,019,000 ft2 =

Electricity Imported
16,978,730 kWh / year

65% of Total Energy
Wind Generated - 25%

Hydro Generated - 2%

Biomass Generated - 0%

Nuclear Generated - 28%

Natural Gas Generated - 22%

Coal Generated - 15%

Solar Generated - 8%

-
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OFFICE PROTOTYPE

IMPROVED CASE - BY THE NUMBERS

Office and Retail

e, e TP
KA — 24

BUILDING DETAILS

176,865 Total SF

26,865 Retall SF on 1st Floor
30,000 Office SF on 2nd-6th Floor
30,000 Roof SF

ENERGY PERFORMANCE
22.5 kBtu/sf/yr EUI
610,837 kW Photovoltaic Array

WATER USE

72% of Potable Water Demand met
by Rainfall

6.3 Gallon Demand per Person per
Day

VALUE

$000 / SF Baseline

$000 / SF Net Zero Energy

$000 / SF Net Zero Water

$000 / SF Living Building Challenge

MAJOR DESIGN STRATEGIES

88% Potable Water Demand Reduction
Rainwater capture & Greywater reuse
Increased R Values for Walls & Roof
Improved Glazing Performance
Improved HVAC system and efficiency
Lighting Power Densities reduced 50%
Equipment Power Density Reduced 40%

Center for Sustainable Building Research

IMPROVED CASE - ENERGY USE

Office And Retail
(X%X.X) EUI result from IES Analysis
XXX EUIlresult from eQuest Analysis
73.0 (62.2) A0S X.XX EUIfrom standard or benchmark
52.4 =
46.3
33.6
(33.0)
22.6 22.5 A10.5
7 11.3
%
ASHRAE 90.1 ASHRAE 90.1 Exterior Wall HVAC System Reduced Interior SB2030 Reduced PV Array Energy
2007 Baseline 2010 Baseline &Glazing Lighting Loads ~ 80% Reduction Equipment Production
Exterior Window Goal Power Density
Shades and
Daylight
Sensors

EUI = Energy Use Intensity measured in kBtu/sf/yr

College of Design
UNIVERSITY OF MINNESOTA




RESIDENTIAL PROTOTYPE

IMPROVED CASE - BY THE NUMBERS ::'g"fg':? ?:I';";“-s
- " » Ota
Multi Family and Retail 7,658 Retail SF on 1st Floor
187 Units on 1st-6th Floor
37,073 Roof SF

ENERGY PERFORMANCE
38.2 kBtu/sf/yr EUI
511,870 kW Photovoltaic Array

WATER USE

35% of Potable Water Demand met
by Rainfall

18.13 Gallon Demand per Person
per Day

VALUE

$000 / SF Baseline

$000 / SF Net Zero Energy

$000 / SF Net Zero Water

$000/ SF Living Building Challenge

MAJOR DESIGN STRATEGIES
53% Potable Water Demand Reduction

capture & Grey reuse
Increased R Values for Walls & Roof
Improved Glazing Performance
Lighting Power Densities reduced 20%
Lights dim when daylighting reaches 4!

Orientation optimized for performance

Center for Sustainable Building Research

IMPROVED CASE - ENERGY USE

Multi Family and Retail

92.0 (73.{))A3'1

81.1

EUI = Energy Use Intensity measured in kBtu/sf/yr

ASHRAE 90.1 ASHRAE 90.1
2007 Baseline 2010 Baseline

College of Design
UNIVERSITY OF MINNESOTA

(69-2)/_\6,3
75.5

Exterior Wall
& Roof

(Xx.x) EUI result from IES Analysis
XXX EUI result from eQuest Analysis

W XX EUI from standard or benchmark

(42-2);50.4
41.8

HVAC System

(38.6)"%°
32.0

High Efficiency

Appliance

Reduced Exterior
Lighting Loads
Reduced Interior
Lighting Loads

372 (28.8)°
V 21.9
7
SB2030 PV Array Energy
80% Reduction Production
Goal

1



MID-RISE APARTMENT BUILDING PROTOTYPE | PHIUS - WUFI PASSIVE

50 kBHu/sfyr —
40 kBtu/sf/yr —
30 kBRu/sf/yr
5.2
20 kBRu/sf/yr
155

PY Generation
10 kBtu/sffyr b = BT -) Potential

10 8 kBtu/ft2,yr

| |

akBru/sfyr

Baseline High PHIUS - |ES PHIUS - WUFI

Performance
Figure 1: Mid-rise Apartment Prototype Energy Modeling Comparison. The prototype was mod-

eled in IES (in grey) and PHIUS - WUFI Passive (red) software. WUFI Passive outcomes show a
more conservative estimate of energy use intensity 25.2 compared to 15.5.

PASSIVEHOUSE REQUIREMENTS
Certificate criteria: PHIUS+ 2015 Standard

Heating demand

specific 3.86 kBtu/firyr | ———

targel. 6.9 KBy o1z 3 .‘; l ‘s U L l v
total 206119.88 kBtulyr

Cooling demand

specific 274 KBlu/Myr e | | | | | |

target: 3.1 kBtu/fttyr é 1‘ 2‘ 3 4 5 6 7 & 8 ‘/
total: 146114.39 KkBtu/yr

latent: 0.65 KkBtu/ftyr

Heating load

specific 446 Biu/hr 2 | : : : :

target 58 Btuhr it I R I i ! L @
total: 237962.1 Btu/hr

Cooling load

spedific: 2.45 BiuMr i [ : :

target 43 Biuhrit sz 3‘ l‘ E‘S l v
total 130709.33 Btu/hr

Primary energy

specific: 6751 kWh/Person yr " : : :: | ‘

target: 6200 KWh/Personyr ¢ 2000 4000 6000 8000 10000
total 3109264 18 kBtulyr

Site energy

total 252 KBtufftyr J . . : : ] |
building systems: 4409 kBtulyr ‘u t‘; 1‘0 1‘5 z‘n 2‘5 30
photovoltaic savings: 0 kBtu/ftyr

Air tightness

ACHSO0: 03 1/hr | o

target: 0.3 1/hr 0 0.2 04 06 08 1 12 v
CFMB50 per envelope area: 0.06 cfr/ft*

target: 0.05 cim/ft

Figure 2: Passive House Performance Requirements. The project as modeled meets six of the
seven WUIFI Passive house performance thresholds. The exception being Primary Energy, which
the project exceeds by 8%. However, the project does very well on space conditioning on both
the load and demand criteria. Onsite renewables generate 10.8 kBtu/sf/yr (Figure 5) compared
to the WUFI Passive modeling predicted EUI is 25.2 kBtu/sf/yr a 60% shortfall.
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PROJECT INFORMATION
Mid-Rise Prototype

41 Units: 2, 3 BR

135 Residents

11.7 DHW gpd/person@ 140F
19.9 cfm/person continuous
ventilation (0.3 ACH)

Area

Conditioned Floor Area (iCFA)
53,340 ft2

Roof: 14,093 ft2

Exterior Wall: 18,507 ft2
Window & glass doors: 6,741 ft2
Opague Doors: 0 ft2

Window to Wall ratio: 36.4%
Surface area/volume ratio: 0.09

Location and Climate
Minneapolis, Minnesota
Climate Zone 6

HDD: 8217

CDD: 831

SPECIFICATIONS

Passive House Equipment
Variable Refrigerant Flow (VRF)
Heating COP: 2.5

Cooling COP: 5

Ventilation:

80% SRE heat recovery

and 0.7 W/cfm

Lighting Power Density:

0.05 - 0.6 W/ft2

Equipment Power Density:

0.0 - 1.11 W/ft2

Nat. Gas Storage Water Heater:
480g, 0.95EF

Passive House Envelope
Roof: R-96

wall: R-45

Floor slab: R-16
Whole-window U-0.21,
SHGC-0.25

Curtainwall U-0.33
SHGC-0.25

Infiltration: 0.05 cfm50/sf
(0.30 ACH50)

MID-RISE APARTMENT BUILDING PROTOTYPE | PHIUS- IES

50 kBtufsffyr —

PROIJECT INFORMATION
AORBSA = Mid-Rise Prototype
52 Units, 2, 3BR
170 Residents
=2 11.7 DHW gpd/person@ 140F
17.5 c¢fm/person, continuous
e ventilation

S .)E:i&?;'m"

108 KBEYT2/yT

30 kBtu/sffyr |-

20 kBtusffyr |-

130

10 kBtu/sffyr o= Area

Floor: 67,845 ft2

Roof: 13,673 ft2
Exterior Wall: 27,637 ft2
Opening: 7,698 ft2

0 kBtu/sffyr

Baseline High PHILS - IES PHIUS - WUF|
erformance

P
Figure 3: Figure 1: Mid-rise Apartment Prototype Energy Modeling Comparison. The prototype

was modeled in [ES and PHIUS - WUFI Passive software. This was done by adapting the WUF{ WWR: 27.8
Passive model inputs for IES. The PHUIS compliant iES modef show ebove in red hes a predicted Surface Area / Volume Ratio:
EUT of 15.5 kBtu/sf/yr compared to 25.2 kBEu/sf/yr from the WUFI Passive model. The discrep- 0.07 .

ancy between modeling is likely due in port, to how each project calcufates equipment efficien-
cies. In addition, [ES does not estimate air-tightness and ACH in a readily verifioble manner.
Location and Climate
Minneapolis, Minnesota

120 MMBtY = Climate Zone 6

- HDD: 8217
\ 100 MM BtU
7 \ CDD: 831
I 80 MMBHU
SPECIFICATIONS
I 15.5 60 MMBtu

Passive House Equipment

KBty I

\ A0MMEL VRF System
~ / 20mmEtL | Heating CoP: 2.5
-~ -~ Cooling CoP: 5
- 0MMBEL Natural Gas Hot Water Heater,
lan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 0.95 EF. 480.0 Gal Storage
- esting Il cooling Wl oHw [tignting [eauipment  [llFans/ Purnps 80% Efficient Energy Recovery

Lighting Power Density:
0.05-0.60 w/ft2
Equipment Power Density:

Figure 4: EUf and Energy Load Distribution. Major reduction in heating and cooling loads result
in the primary loads of the high performance building shifting to equipment and plug loads
associated with in unit end uses.

0.0 - 1.11 w/ft2
35000kWh
30000kwh Passive House Envelope
25000kWh Roof: R-96
20000kWh Wa"f R-46
10 8 15000kWh Elklie _
° Whole Window U-0.241,
kBtu/ft2/yr 10000kWh SHGC 0.4
S000kwh Slab: R-16
OkWwh Infiltration: 0.3 ACH50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I kwh Generated I wih Demand

Figure 5: Renewabie Energy Generation. Onsite renewables generate 10.8 kBtu/sf/yr compared
to the IES modeled energy use intensity of 15.5 kBtu/sf/yr, resulting in an energy deficit of 30%
(IES).

Minnesota Sustainable Housing Initiative
Multi-Family Housing High Performance Prototypes
© 2017 Regents of the University of Minnesota, Center For Sustainable Building Research

College of Design
UNIVERSITY OF MINNESOTA




PV Electricity Potential:

SB2030 80% Better Buildings 13213152k Wh /year Total Energy Use:

100% of Roof Area

2030 Energy G”d + PV Roofs 89% of Electricity Demand 26,1 21 MWh /year

58% of Total Energy Demand

Built Up Area:

Low Density Housing - 534,000 ft2

Med Density Housing - 1,296,000 ft2 Natural Gas Imported
High Density Housing - 570,000 ft2 9,142,392 kWh / year

Civic - 50,000 ft2 35% of Total Ener
Retail and Mixed Use - 375,000 ft2 = -
Institutional - 194,000 ft2 5 - .

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%

Natural Gas Generated - 22%

Coal Generated - 15%

Solar Generated - 8%

College of Design

P W Ny = e
N L J) Center for Sustainable Building Research
S UNIVERSITY OF MINNESOTA
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PV Electricity Potential:

SB2030 80% Better Buildings [k b e Total Energy Use:
% of Roof Area

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

Built Up Area:

Low Density Housing - 534,000 ft2

Med Density Housing - 1,296,000 ft2

High Density Housing - 570,000 ft2

Civic - 50,000 ft2

Retail and Mixed Use - 375,000 ft2

Institutional - 194,000 ft2

Total - 3,019,000 ft2

Electricity Imported
10,901,970 kWh / year
42% of Total Energ

Renewable Generated
Solar Power

Wind Power

Hydro Power

“ :: ; Center for Sustainable Building Research Colloge of Design

e UNIVERSITY OF MINNESOTA




SB2030 80% Better Buildings
On-Site Renewable Energy

Built Up Area:

Low Density Housing - 534,000 ft2
Med Density Housing - 1,296,000 ft2
High Density Housing - 570,000 ft2
Civic - 50,000 ft2
Retail and Mixed Use - 375,000 ft2
Institutional - 194,000 ft2
Total - 3,019,000 ft2

rﬁ I: 'Y Center for Sustainable Building Research
5.1
A A 4 -

Net-Zero

PV Electricity Potential:

10,448,449 kWh / year Total Energy Use:
55% of Roof Area, 100% Of Demand

40% of Total Energy 26,1 21 MWh / year
Net-Positive

PV Electricity Potential:

15,219,152 kWh / year

100% of Roof Area, 145% of Demand

4,770,703 kWh back to grid, electricity for 491 single family homes

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

60% of Total Energy

College of Design
UNIVERSITY OF MINNESOTA



Existing Throughput Systems

inputs outputs

- ; >

1

1

1

1

! consume ,
1 1

efficiency waste

- Efficiency as end goal - Degenerative linear flows

John Tillman Lyle, Regenerative Design for Sustainable Development, 1994

Fa Y

Regenerative Design: A Bridge Between Sustainability and Resilience
August 15, 2018

LIJ
A

.
.-
w2l
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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

4

Regenerative Design: A Bridge Between Sustainability and Resilience
August 15, 2018

.
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Vulnerability Assessment Framework
| —

Assessment Framework

- ~
”
Ve i \
{ A 4
. 2. Gather
> 1. Establish ~» information and set
assessment team w5 e
priorities
A\ 7
~ ” .

SERDP and ESTCP Webinar Series (#43)

3. Obtain climate

information

$SERDP GESTCP

DOD *~ EPA * DOE

\

4, Estimate/model
impacts

5. Consider

—> consequences and

adaptations

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)

IEents'r for gustain‘able Building Research

Regenerative Design: A Bridge Between Sustainability and Resilience

August 15, 2018



Future Weather Files

—
Q
S

GHG emission pathways 2000-2100: All AR5 scenarios

140
-~ —
[ >1000  ppm CO,-eq — 90th Percentile Jptae
— 120 [ 720-1000 ppm CO,-eq — Median SPrad RCP8.5
*E [ 580-720 ppm CO,-eq — 10th Percentile ,/" v
a 100 530-580 ppm CO,-eq I e 2
S [ 480-530 ppm CO,-eq T T e I -3
S 80 - ZF13|c|)7:»§1850c1 pp[;n CO,eq T e —— @
-~ == Fu atabase range — =~ e\
g pra / I
2 60
= =
@D ] eteian,,
o :
© 40
9
o
3 20
c
<
0
_20 T T T T LI
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

Regenerative Design: A Bridge Between Sustainability and Resilience
August 15, 2018

Center for Sustainable Building Research



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
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Future Weather Files

Strategy Hours: Actual and Percentage
Now 2030 2040
Comfort 942 11% R85 10% 926 1%
I_Sun Shading of Windows 586 7% 778 9% 817 9% ]
TIgn Tnermar vass 154 2% P 7% L0 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 R% £92 8%
[Cooling, add dehumidification if needed 305 3% 549 6% 604 7% ]
Heating, add numiaiication 11 neeaed 4791 55% | 4545 52% 4436 51% |

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
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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
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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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Regenerative and Resilient Design Strategies

Regenerative Goal + Macro Strategies Micro Strategies
Resilient Goal

[Design for passive ventilation

‘—CDesign for passive heating and cooling

Renewable and (= -
Islandable ——————{_Design for daylight

Energy Source

—  e————

oo = -
Maintain Habitable Temperature LUtlhze shading devices

( Provide hook-ups for temporary power

f———————{_Enhance envelope insulation and thermal mass

Continuity of

Operate Building in Low Power Mode

N N R N NN N

Power
lr Elevate HVAC / electrical equipment
- Store Energy ‘—EBattery storage
ose
Water ]f Program building automation system for dual mode operatiorj
ical and emergen

System Rainwater Capture + Use >(typ 9 CY)_
— LEmergency lighting circuit
RN

4(Collect, store, treat rainwater from roof

Continuity of

Greywater Capture + Use

Water and e z p
Sanitation kOverS|ze roof drains
Potable Water Distribution —1 Plumb for greywater separation
=
Store and treat greywater
Shelter L grey

Provide Refuge 1 Distribute potable water without electricity

/I‘—\ /l“\ e VU s U KI"\ /d\
Nt N N A R N N ¥I_/

'\Store emergency provisions

(" Build sheltered spaces
{_(large enough to shelter other members of community)

{ Insulate water system

:CEnsure sinks and toilets operate without power
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Prototype: Multi-Family Residential
E LECTRICITY (1) Roof Mounted PV Panels

Multifamily Residence @ @ DC Battery Storage

@ Inverter

@ Connection to Electric Grid
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Prototype: Multi-Family Residential

RESIDENTIAL ENERGY USE - JUNE 18

W Space Heating W Chiller DHW mlLights mMEquipment ™ HeatRejFans/Pumps

5% 0%

9%

55%
20% Shelter in Place

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

SOLAR PANEL PRODUCTION POTENTIAL VS. DEMAND - MULTIFAMILY - JUNE 18
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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: Multi-Family Residential

W/ \ I E R @ @ Rooftop Rainwater Collection

Multifamily Residence @ Rainwater Treatment and Storage

@ Potable Water Distribution

@ Greywater Collection

@ Greywater Distribution

@ Black Water Outflow to Site Treatment

@ Excess Rainwater to Municipal Sewer

Excess Greywater to Site Irrigation
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Prototype: Library
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Prototype: Library

1 Mile Radius - Public Library

1 Mile Radius - Rec Center

Potential Areas Served by Disaster Hubs
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Prototype: Library

Library can support approximately 550
people in ‘hub mode’
* Roughly 10% of population living
within %2 mile

e Statistically will include:

e 64 people with a disability

e 125 people living within

150% of poverty line

1/2 Mile e 42 children under age 5
: * 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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54%

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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Next Steps

BUILDINGS, BENCHMARKS & BEYOND

Tools and Programs for Sustainable Buildings in Minnesota

View the full
report at
www.CSBR.umn

Resilient Adaptation of Sustainable Buildings
Center for Sustainable Building Research

University of Minnesota
May 2018
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