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Sustainable Communities Division 
Webinar

Boston Coastal Flood Resilience Design Guidelines & 
GeoMicroDistrict Feasibility Study



Thank You to the 2019-2020
Sustainable Communities Division Sponsors!

Interested in sponsorship? Contact Karla Ebenbach (kebenbach@yahoo.com)



Contact
Website: planning.org/divisions/sustainable
Blog: sustainableplanning.net > webinar recordings, event listings

LinkedIn: APA Sustainable Communities Division
Facebook/Twitter: APASCD
Email: APASCD@gmail.com

Division Information



◉ Information packet will be posted on 
our new website by early November.

◉ New website will be announced by next 
week – watch our social media and e-
bulletin for updates!

2021 Awards Overview



◉ More information coming by early November!
◉ If you would like to be directly notified of any 

substantial updates, please send an email to the 
awards coordinator (jenniferk@rhiplaces.com), with 
the subject line "SCD Award Updates"

Notice of Award Updates or Clarifications



◉Matthew Littell | Principal, Utile
◉Jessy Yang | Urban Designer, Utile

Today’s Event

Award-Winning Sustainability 2020 (Part 1 of 3)
Boston Coastal Flood 
Resilience Design Guidelines

GeoMicroDistrict 
Feasibility Study

◉Richa Yadav | Engineer and 
Sustainability Consultant

◉Audrey Schulman | HEET Co-
founder and Co-Executive Director



Submit Questions throughout the Session!

◉ We’ll have a Q&A at the 
end of the webinar, but 
please feel free to send 
your questions any time!

◉ You can use the chat box 
or the Q&A tool
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Coastal Flood Resilience Design Guidelines
City of Boston
APA SCD Award Webinar, Oct 22, 2020
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Boston Climate Action

Imagine Boston 2030
Carbon Free Boston
Climate Ready Boston

• Neighborhood Coastal Resilience Plans

• Resilient Boston Harbor

• Flood Resiliency Zoning Overlay + 
Resiliency Design Guidelines
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Current and Future Threats

2070+2030+

85,000
PEOPLE2,000 BUILDINGS

(Worth $20B)

12,000 BUILDINGS
(Worth $85B)

18,000
PEOPLE

People and Buildings Exposed to a 1% Flood Risk

Data source: Climate Ready Boston

Overview and Background



4|  Kleinfelder  |  Noble, Wickersham & Heart  |  HDR  |  Offshoots APA SCD Award Webinar | Oct 22, 2020

Source: Climate Ready Boston

Climate Resilience Initiatives
Climate Ready Boston
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NEW DEVELOPMENT

RETROFITS TO EXISTING DEVELOPMENT

Image Source: Coastal Resilience Solutions for East Boston and Charlestown

Climate Ready Charlestown:
Long-term flood protection systems 
for the Sullivan Square waterfront 

Layered Protections
Climate Ready Boston
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Applicability
Climate Ready Boston

Existing Buildings New Construction&
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Advisory + Outreach • City progress presentations

• Advisory Groups / Focus Groups

• Community Forums and Consensus 
Building

Zoning Research + 
Recommendations

Design Guidelines 
Development

• Precedents: National and Regional
• Research potential conflicts 
• Relationships w/ Art. 80 Design Rev.

• Research resiliency best practices 
(FEMA, local, national)

• Identify primary building typologies
• Develop illustrative case studies for 

new construction and retrofits

Design Guidelines + Review Checklist

Zoning

Flood Resiliency Zoning Overlay District

Process
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Flood Resiliency Zoning Overlay District

Project Scope

Design Guidelines + Review ChecklistZoning Recommendations

+
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Flood Resiliency Zoning Overlay District

Regulatory Context
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Flood Resiliency Zoning Overlay District

1% Annual Chance Flood - 2070s
Assumes 40” of Sea Level Rise
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Source: Climate Ready Boston
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Revised Definitions
Modify definitions of height 
and floor area to allow 
conformity with guidelines 

“Hold Harmless”
Modify by-right requirements 
and allow reuse of lost FAR 
for non-conforming structures

Dimensional Incentives
Provide additional height and 
density bonuses that exceed by-right 
standards to preserve building value

Additional Incentives?
Tax incentives or transfer of 
development rights in lieu of 
additional on-site density

Minimum

Policies implemented 
outside of zoning

Zoning

Zoning: Use and Dimensional Regulations

Potential incentives:
• Parking relief
• Rooftop addition
• Redefining setbacks
• Redefining height from first 

occupiable story
• Additional FAR

Revised definitions:
• Height
• Gross Floor Area

Uses below SLR- DFE:
 Parking, Access, Storage
 Non-residential (Conditional)
 Residential

+ ++ +++

Zoning Issues and Recommendations
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Permitting Pathway Considerations
Zoning Issues and Recommendations
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Promote Resiliency Best 
Practices
Proposed designs / renovations should 
incorporate best practices and standards to 
reduce or eliminate coastal flood risk or damage 
resulting from future climate conditions.

Enhance the Public Realm
Resilient measures should support 
pedestrian connections and, where feasible, 
enhance the character and pedestrian 
environment of the Overlay parcels. 

Relate to District Scale 
Solutions
Enhancements at a plot level, to the extent feasible, 
should support the resiliency goals and 
implementation of district coastal resilience plans. 

Generate Co-benefits 
Wherever feasible, proposed flood 
resiliency upgrades should also enhance 
a building's energy efficiency, 
greenhouse gas reduction potential, and 
passive survivability.

Resilient Design Principles
Costal Flood Resilience Design Guidelines
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Flood Resiliency Zoning Overlay District

Identifying Project Flood Risks and Enforcing the Guidelines 
BPDA Online Mapping Viewer Review Checklist

SLR-BFE

Project Site
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Thank You!
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GeoMicroDistrict 
Feasibility Study
October 22, 2020

Audrey Schulman, HEET
audrey.schulman@heetma.org

Richa Yadav, Buro Happold
richa.yadav@burohappold.com

mailto:audrey.schulman@heetma.org
mailto:richa.yadav@burohappold.com
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Massachusetts  

● Second oldest natural gas infrastructure 
in the United States

● Leaking pipes release methane, a potent 
greenhouse gas

● If unchecked, gas leaks can result in 
explosions

Source: National Grid

Source: Gas leaks in Boston, MA; Nathan Phillips, et al (2013)



25% of gas system will be 
replaced next 20 years

Expected cost: $17 billion

State mandate: Net Zero by 
2050
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Project Objective:
Explore feasibility of replacing aging gas 
infrastructure with street-scale geothermal 
systems
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Colorado Mesa University 

Borefields: 121,000 ft

Vaults and Mechanical 
Rooms

Cooling Towers: 750 
tons

18” Pipes

12” & 10” Pipes

Copyright: Courtesy of The GreyEdge Group© 

Legend

Capacity = 3,500 Tons
Area = 82 acres

Courtesy of the GreyEdge Group



COPYRIGHT © 1976-2020 BURO HAPPOLD. ALL RIGHTS RESERVED

Preliminary Analysis
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What systems are feasible given the conditions of a certain site?

Land Use
Urban, suburban, rural
Building and lot sizes

Mix of uses

Building Energy
End-use consumption

Demand profiles
Total floor area

How much 
demand exists?

Is sufficient area 
available?

Feasible systems, 
potential supply

Can supply meet 
demand?

Thermal Sources
Bedrock depth

Thermal conductivity
Aquifer yield
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Technologies 
Considered

Three ground source heat pump 
(GSHP) systems evaluated:

1. Ground-coupled heat pump

2. Groundwater heat pump

3. Surface-water heat pump

GCHP Closed Vertical

GCHP Closed Horizontal

GWHP Open Vertical

GWHP Standing 
Column Well

SWHP Closed

SWHP Open
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Bedrock Lithology
Source: BuroHappold analysis; MassGIS/USGS

Surficial Geology
Source: BuroHappold analysis; MassGIS/USGS
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Source: BuroHappold analysis; Massachusetts Energy & Environmental Affairs; Massachusetts 
Geological Survey/National Geothermal Data System

Well Type
Min. Bedrock 
Depth (ft)

Avg. Bedrock 
Depth (ft)

Max. Bedrock 
Depth (ft)

GSHP 1.0 47.5 1,300.0

GSHP Open Loop 1.0 49.7 465.0

GSHP Closed Loop 2.0 45.7 1,300.0

Other 0.1 34.6 1,300.0

Total 0.1 34.7 1,300.0

Depth (ft) Count Min. Temp. (°F) Avg. Temp. (°F) Max.Temp. (°F)

0-100 552 34 52 68

100-200 92 34 51 62

200-300 25 42 53 66

300-400 20 34 50 55

400-500 8 48 52 55

500-600 12 49 52 57

600-700 5 46 51 56

700-800 3 49 55 60

800-900 2 51 54 57

1100-1200 2 52 54 56
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Technologies 
Considered

Three ground source heat pump 
(GSHP) systems evaluated:

1. Ground-coupled heat 
pump

2. Groundwater heat pump

3. Surface-water heat pump

GCHP Closed Vertical

GCHP Closed Horizontal

GWHP Open Vertical

GWHP Standing 
Column Well

SWHP Closed

SWHP Open
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Engineering Feasibility Study
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Land Use Density

Source: BuroHappold analysis; MassGIS

LU Category Total Area (ac) Pct. Total

Residential, High Density 207,264 20.2%

Residential, Medium Density 209,655 20.5%

Residential, Low Density 287,314 28.1%

Residential, Very Low Density 102,183 10.0%

Commercial 72,055 7.0%

Institutional 68,288 6.7%

Industrial 77,200 7.5%

Total 1,023,959
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Energy Use Intensity
MA DOER Technical Reference Manual, 

DOE CBECS and EIA RECS data.

Building Energy Profiles

Energy profiles created for six 
building typologies:

1. Single-family residential
2. 2-3 Family Residential
3. Multifamily Residential
4. Commercial Office
5. Commercial Retail
6. K-12 School

End Use Consumption
DOE CBECS and EIA RECS data.

Seasonal Demand Patterns
DOE commercial and residential 

reference buildings.

Hourly Load Shapes (Peak 
Day)

EPRI Load Shape Library



COPYRIGHT © 1976-2020 BURO HAPPOLD. ALL RIGHTS RESERVED

Source: BuroHappold analysis; U.S. DOE; U.S. EIA

Typology Typ. Area (sf) EUI (kBtu/sf/yr) Energy (kBtu/yr) Heating Cooling DHW Other

Single-Family 1,500 60.0 90,000 59.8% 3.8% 15.5% 20.9%

2-3 Family 3,000 45.0 135,000 61.7% 3.6% 15.5% 19.2%

Multifamily 20,000 60.0 1,200,000 61.5% 3.5% 13.8% 21.2%

Office 150,000 80.0 12,000,000 24.6% 9.5% 2.8% 63.1%

Retail 25,000 125.0 3,125,000 20.9% 11.0% 1.4% 66.7%

K-12 School 140,000 65.0 9,100,000 35.5% 10.8% 8.1% 45.6%
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Four prototype street segments 
(PSS) created and analyzed:

1. Low density residential
2. Medium density residential
3. Medium density mixed-use
4. High density mixed-use

The Right-of-Way is 600 to 650 
feet long and 40 feet wide.

Prototype Street 
Segments

Low density residential

Medium density residential

Medium density mixed-use

High density mixed-use
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Closed horizontal systems were unable to meet 100% of heating 
and cooling loads with the parameters modeled.

Loop Length = 2000 feet 
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Closed vertical systems were able to meet 100% of heating and 
cooling loads for 2 of the 4 PSS modeled.

Loop Length = 4000 to    
15,000 feet 
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Boreholes/trenches and service connections could 
be located between existing infrastructure.

Circulating Pump

Building Connection

Borehole Array
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Economic Feasibility Study
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Costs

Costs to Utility:

● Equipment and labor
‒ Drill rig setup/breakdown
‒ Borehole drilling
‒ Loop piping and installation
‒ Circulating fluid
‒ System pumps

● Other allowances:
‒ Design and engineering
‒ Permits and approvals
‒ Overhead, profit, and contingency
‒ Economies of scale

Cost to Customer:

● Energy Efficiency Retrofit:
‒ Air sealing and Insulation
‒ White/cool roof

● GCHP Conversion:
‒ Heat pump installation
‒ Backup ASHP Installation
‒ Gas to electric conversion

● New appliances
‒ Electric domestic hot water heater
‒ Electric stove/oven
‒ Electric dryer
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Medium Density 
Mixed-Use

● 16 2-3 family homes
● 2 commercial buildings
● 75,000 gsf total area
● 5,535 MBtu/yr consumption
● 101 tons heating demand
● 39 tons cooling demand
● 500 ft. long ROW
● 2 lines of 30 boreholes
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Investment Estimated Cost

GSHP Installation $500,000

Residential Conversion $5,000/unit*

Commercial Conversion $80,000/building*

Installation and Conversion Costs

Medium Density Mixed Use

* Estimated conversion costs after rebates and financing

Revenue earned from thermal energy 

sales have not been evaluated.
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Conclusion
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● Increased safety
● Energy bill savings
● Water bill savings
● Reduced GHG emissions
● Improved indoor air quality
● Equitable electrification

Benefits
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Potential Pilots

In Massachusetts

● Columbia Gas Settlement 
$4 million competitive grant

● Eversource Gas
3 pilots requested, ruling October 
30, 2020 

● National Grid
Will request permission in 
November, 2020

Outside of Massachusetts

● Niagara Mohawk
● Con Ed
● NYSERDA
● Bridgeport, Connecticut
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The GeoMicroDistrict

Pilot
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The GeoMicroDistrict

Iterate
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The GeoMicroDistrict
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HEET Pilot Research & Evaluation Team

● MIT Sloan School , System Dynamics
● Harvard T.H.Chan School of Public Health, C-CHANGE Institute
● BuroHappold Engineering
● Massachusetts DEP (Department of Environmental Protection)
● Berkeley National Lab, Earth and Environmental Science
● University of California, Berkeley, Civil & Environmental Engineering
● National Renewable Energy Laboratories
● Massachusetts CEC (Clean Energy Center)
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Thank You
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“GeoMicroDistrict Feasibility Study”, Buro Happold & HEET, 2019

Eversource Gas geothermal pilot ratecase DPU 19-120

AG Healey’s Petition to Consider the Future of Gas

Applied Economic Clinic policy brief 

‘Energy Shift — A Utility-Scale Path From Gas To Renewable Thermal,’ Zeyneb Magavi and Audrey 

Schulman, Building Energy Magazine, Nov. 2019. 

Schulman, A., 2020. Pipes or Wires, Rocky Mountain Institute blog.

Skarphagen, H. et al, 2019. ‘Design Considerations for Borehole Thermal Energy Storage (BTES): A Review with 
Emphasis on Convective Heat Transfer,’ GeoFluids, Hindawi.  https://doi.org/10.1155/2019/4961781.

Bunning, F. et al, 2018. ‘Bidirectional low temperature district energy systems with agent-based control:

Performance comparison and operation optimization.’  Applied Energy. https://doi.org/10.1016/j.apenergy.2017.10.072

Buffa, S. et al, 2019.  ‘5th generation district heating and cooling systems: A review of existing cases in Europe.’ 
Renewable and Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2018.12.059

REFERENCES & RESOURCES

https://heetma.org/energy-shift/geomicrodistrict-feasibility-study/
https://eeaonline.eea.state.ma.us/DPU/Fileroom/dockets/bynumber/19-120
https://www.mass.gov/news/ag-healey-calls-on-the-department-of-public-utilities-to-investigate-the-future-of-natural-gas
https://static1.squarespace.com/static/5936d98f6a4963bcd1ed94d3/t/5eea18d1be9fa7700896f97a/1592400083010/Planning+for+the+Future_AEC+Brief_17Jun2020.pdf
https://www.buildingenergymagazine-digital.com/eneb/annual_2019/MobilePagedReplica.action?pm=2&folio=14#pg14
https://rmi.org/pipes-or-wires/
https://doi.org/10.1155/2019/4961781
https://doi.org/10.1016/j.apenergy.2017.10.072
https://www.sciencedirect.com/science/journal/13640321
https://doi.org/10.1016/j.rser.2018.12.059


Conversation

Division Contact Information
Matt Bucchin, Chair

info_sustain@planning.org
sustainableplanning.net

@APASCD

◉Matthew Littell | Principal, Utile, littell@utiledesign.com, (617) 423-7200 (office)
◉Jessy Yang | Urban Designer, Utile, yang@utiledesign.com, (832) 202-8893 (cell)

Boston Coastal Flood Resilience Design Guidelines

GeoMicroDistrict Feasibility Study
◉Richa Yadav | Engineer and Sustainability Consultant, richa.yadav@burohappold.com, 

LinkedIn: @yadavrichas
◉Audrey Schulman | HEET Co-founder and Co-Executive Director, 

Audrey.Schulman@HEETma.org  
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