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Protoblock Design

Houses and Corners Stepped Mixed Use Environmental Mixed Use
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Protoblock Design

Houses and Corners

mostly residential + some commercial

Protoblock 1
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Stepped Mixed Use

residential above + commercial / retail below

Protoblock 2

Environmental Mixed Use

Residential towers + commercial / retail below

Protoblock 3



Climate Analysis
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Environmental Consideration

Envelope Design

Natural Ventilation Q SOLARDRVENDESIGH
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Daylighting \
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\
DEG 21 SUNSET ()
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Envelope Upgrade
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Outdoor CFD

Running outdoor CFD On Protoblock Wind Pressure Mapping On Protoblock



Adaptive Comfort :

Openings and Chimneys o6 d o 8760 *of adant
‘gt ays out o was out of adaptive
Buoyancy + Cross Ventilation comfort zone 80% boundary

A:3.94 m2 A:4.72 m2 A:7.56 m2

storey & w e i
T e
- r [ =
Sorey 4w i 8 S
3 - H i
s o I 1] i H L
) o @ HI
i
L
iy
e
it
L
T

Protoblock 2 iz 2 Protoblock 3

Protoblock 1
A:3.94 m2

storey A7 @
storey & (w il 787
Teriom 358 1 o
s o ¥ 0.5
a as . 0.8 storey & wow A @
) Pt m 7 0% oy e
H a3 . 0. 2 25 il
' alis H o5 m H i = 3 = L
4 E)
3 o
H 0.26
1 o

A:7.87 m2 A :5.04 m2 A:252m2



Solar-Driven Design

Given Design Shading optimi.

Block optimization

Dec/21*/noon Dec/21%/noon

| LR T

Average Shades Mar,June,Sep,Dec/21*/Day (Hourly Resolution) ]

Daylighting Simulation Massing Optimization



© Protoblock Design Development - Daylighting

1 2 3

Alternatives

Selected




Urban Block Development



Protoblock Design Development - Daylighting
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Result of Analysis

Daylighting Design

Natural Ventilation Design



% Protoblock Design Development - Energy Efficiency

Design upgrades (from typical neighboring building stock):

Facade upgrades (wall/roof insulation)

Window upgrades

+  Savings from natural ventilation, photovoltaics




% Protoblock Design Development - Energy Efficiency

Baseline

Upgrades

Average EUI (kWh/m3)
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Results:
. . . 0
10% Savings on heating / cooling
20

26% Potential savings through PV

-40

Protoblock Design Development - Energy Efficiency
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Flooding Scenario
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Climate change

2050 Projections 2100 Projections
~— 1Foot Sea Level Rise 3 Feet Sea Level Rise
— 2Feel SeaLevel Rise
——— Storm Surge (1 foot SLR)

4 Feel Sea Level Rise

——— 5 Feet Sea Level Rise

——— Storm Surge (2 feet SLR)

— 6 Feet Sea Level Rise

Storm Surge (3 feet SLR)

Storm Surge (4 feet SLR)
Storm Surge (5 feet SLR)
Storm Surge (6 feet SLR)







@@ Stormwater Runoff
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Low Impact Development (LID Practice)

A N

Percentile Data (95th) : 38.6 mm

Street Planters
N Rainharvesting
g% Cistern

; j
- ‘ ,,,—-/,’ ——— i Infltration Basins
Bioretention E; - =

Permeable Paving

Annual Average Rainfall :
41.92 (inches)
Annual Average Runoff :
23.34 (inches)
Max rainfall Retained :
1.58 (inches)

Total Rainfall : 1577.89 M3



Stormwater Runoff Design

Urban Surface Typical Design

Areas Runoff

Roofs Asphalt 68532 (40%) 74%

Open Space Good Grass 75% | 25392 (15%) Infiltration

Impervious Curbs & Sewers 33721 (20%) 15%

Paving

Road 40780 (25%) Evaporation
_ i Total 168425 11%
o~ W s W e, [l -

Total Runoff : 1167.64 M3



Stormwater Runoff Design

Urban LID Practical Design 1

jious Paving

Areas Runoff
Roofs Asphalt 39754 56%
Green roofs 28778 (17%) Infiltration
Open Space Good Grass 75% | 25392 (15%) 31%
Impervious Paving Road 18710 Evaporation

Permeable
Pavement

22070 (13%)

13%

Total Runoff : 883.24 M3




Stormwater Runoff Design

Urban LID Practical Design 2

— —
’ Areas Runoff
| |
m: (5
‘ ' Roofs Green roofs 68532 (40%) 30%
et L Open Space Bioretension 25392 (15%) Infiltration
o000 ! 000
[ ‘ Impervious Paving Road 18710 38%
- ‘ Permeable 55791 (23%) Evaporation
‘ Pavement 15%

Roof

Total Runoff :466.8 M3



Stormwater Runoff Design

Equivalent Residential Unit (ERU)

LID1

Capital Cost
Green roofs $ 750,600 - $ 1,512,400
Bioretension $ 24,400 - $ 50,300
Street Platers $ 145,600 - $ 353,000
Permeable Pavement
Total $ 920,600 - $ 1,915,600

Maintenance

$ 8,400 - $ 84,300

$900 - $ 21,500

$ 2,400 - $ 56,400

$11,700 - $ 162,200

ERU cost for Typical design : $ 16,787 (143,033 m2)

LID 2

Capital Cost

$1,761,700 - $ 3,542,000

$ 58,900 - $ 122,600

$ 145,600 - $ 353,000

$ 1,910,400 - $ 2,547,800

$ 3,842,100 - $ 6,493,100

Maintenance

$ 19,800 - $ 198,300

$ 2,400 - $ 57,400

$ 2,400 - $ 56,400

$ 22,800 - $ 124,300

$ 45,800 - $ 400,600
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Side Street

Street Design
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Outdoor Thermal Comfort

UTCI Universal Thermal Climate Index

| 23.423465 -19.71212

.

.
‘ 19.38137 ‘ -22.205882




3rd Place Analysis

Facilities
Amusement
Health

Sotre

Food
Transportation

5 mins

10 mins

o

Boston Innov Site




Urban Exploration

View analysis Amenities on map Trees on map

Slope analysis UTCl on map All on map



Walk Score: 82

e ¢ ®© @ e © © O

entertainment

grocery stores

restaurant

coffee

shopping

banks

school

transit
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mm i
il Integrated Design

SOLAR COLLECTOR SYSTEM FOR HOT WATER
'AND ENERGY PRODUCTION, PROTECTS ROOF
FROM DIRECT SOLAR GAIN

HROUGH THE
CENTRAL VOID SPACE. THIS TION
REDUCES COOLING LOADS AND ENERGY USAGE

GREEN ROOF PROVIDES HEAT REDUCTION
AND STORMWATER COLLECTION

'WATER EFFIGIENT SPECIES AND IRRIGATION

X \ Y
/ \\\ h LAy N
S - H /\ 3
\ 1 N \\ <
¥Xk = L
STORMWATER IS COLLECTED AND SENT
THROUGH THE GREEN ROOFS AND

SouH g T~ j'w-— ;"':_' —— =
\\1 > — T 7-‘:‘ -.7 _ = ~ - S =
LANDSCAPE, INTO THE STORMWATER *__ i ‘~-.__‘: — _,,_:_:_7_77_77_,,_,.,,-7—
GOLLEGTION BASINS — 70_7_:._/
@ g\{/-\\; DEC 21 SUNRISE



Horizontal Surfaces - PV or GR?
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PV vs. GR

Initial Cost ($)

Annual Savings ($)

Environmental Benefits: Renewable energy
Zero emissions

Based on NREL (2014) and Blackhurst (2010)

iniial Cost(5)

Annual Savings (3$) l

Environmental Benefits:

Lowers cooling loads

Mitigates urban heat island
Captures carbon

Captures fine particles
Stormwater retention + purification






PV vs. GR
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PV vs. GR
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PV vs. GR

P y

Best GR
Samples



PV vs. GR

$70,000,000.00
$60,000,000.00
$50,000,000.00
$40,000,000.00
$30,000,000.00
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40

Building Lifetime
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PV vs. GR

12000000 Design Goals:
10000000
8000000

6000000

4000000

PV Potential (kWh / year)

2000000
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Runoff Awoided (m*3)



PV vs. GR

12000000 Design Goals:

10000000
Offset at least 20% of energy loads
8000000

6000000

4000000

PV Potential (kWh / year)

2000000

0 100 200 300 400 500 600 700 800 900 1000

Runoff Awoided (m*3)



PV vs. GR

12000000 Design Goals:

10000000

Offset at least 20% of energy loads
8000000

@
6000000 Select design that outperforms curve \\

4000000

PV Potential (kWh / year)

2000000

0 100 200 300 400 500 600 700 800 900 1000
Runoff Awoided (m*3)



PV vs. GR

12000000 Design Goals:
10000000

ﬁ\\\\‘l‘ Offset at least 20% of energy loads

8000000 =

‘\. e
6000000 \ Select design that outperforms curve \

4000000

PV Potential (kWh / year)

2000000

0 100 200 300 400 500 600 700 800 900 1000

Runoff Awoided (m*3)



PV vs. GR

8000000

Desired Minimum PV Potential

7000000

6000000
100 150 200 250 300 350



PV vs. GR

8000000

Desired Minimum PV Potential

7000000

6000000
100 150



PV vs. GR

~70% PV /30% GR

Offsets 20% of energy loads
Stores 3% of runoff from 3 hr storm

~ $15.3 million cost / 1.4 million annual savings

Simple ROI

$70,000,000.00

$60,000,000.00

$50,000,000.00

$40,000,000.00

$30,000,000.00

$20,000,000.00

$10,000,000.00
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$(20,000,000.00)

$(30,000,000.00)

20

30

Building Lifetime

50



PV vs. GR

~70% PV /30% GR

Offsets 20% of energy loads
Stores 3% of runoff from 3 hr storm

~ $15.3 million cost / 1.4 million annual savings

Simple ROI

$70,000,000.00

$60,000,000.00

$50,000,000.00

$40,000,000.00

$30,000,000.00

$20,000,000.00

$10,000,000.00

s-

$(10,000,000.00)

$(20,000,000.00)

$(30,000,000.00)

20

30

Building Lifetime

50



Financial Analysis

Residential Retall Office PV/GR Total
Initial 454.6 188.5 93 15.3 751.4
construction
costs (m $)
Annual 78.8 81 29.7 1.4 190.9
Revenue (m $)
Investment 19.978%

Yield




Energy Daylighting EE/EC Runoff Walkability Finance

114 kWh/m2 49 cDA 105 kg CO2/m2 56% 82 %WA 19.98%



Urban Energy Modeling
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