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Learning Objectives

 Use systems thinking language and structures

 Use of systems analysis and energy modeling to inform design decisions

 Where and how to implement systems and feedback loops into the design process

 Building a company structure informed by systems flow
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Content Structure
• What is Systems Thinking?

• Stocks and flows
• Understanding boundary conditions
• Be aware of interrelationships, and connections
• Leverage points and exponentials

• Case Study – 145 Warren St
• Need for low carbon housing
• Community needs
• House as a System
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Why
Thinking in Systems

• A system is an interconnected set of elements that is coherently 
organized in a way that achieves something. Contains:

• Elements
• Interconnections
• Function or purpose

• “A system is more than the sum of it’s parts”

• “The least obvious part of a system, its function or purpose, is 
often the most crucial determinant of the system’s behavior. 
Interconnections are also critically important. Changing 
relationships usually changes system behavior. The elements, 
or parts of systems we are most likely to notice, are often (not 
always) least important in defining the unique characteristics of 
the system – unless changing an element also results in 
changing relationships or purpose. 
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Why
Thinking in Systems

• Our industry is full of understanding, explaining, and modeling complex systems. 
• Building energy modeling
• Hygro-thermal analysis
• Moisture flow through wall assemblies
• Human behavior impacts on energy performance

“The most marvelous characteristic of some complex systems if their ability to learn, 
diversity, complexify, evolve. The capacity of a system to make its own structure more 
complex is called self-organization. Self-organization is a common property of living 
systems, and we would do better at encouraging, rather than destroying, the self-
organizing capacities of the systems of which we are a part.” 
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Systems Thinking Example –Stocks and Flows

Inflow

Stock

Outflow
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Systems Thinking Example – Housing Stocks and Flows

Inflow: New housing units

Stock: Boston Housing Supply

Outflow: Old housing demolitions or 
conversions
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Systems Thinking Example – Housing Stocks and Flows

Inflow: New housing units

Stock: Boston Housing Supply

Outflow: Old housing demolitions or 
conversions

Resilience to Change

High

Medium

Low

Inflow: New 
Residents

Stock: Boston 
Residents

Outflow: Leaving Residents
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Systems Thinking Example – Housing Stocks and Flows

Inflow: New housing units

Stock: Boston Housing Supply

Outflow: Old housing demolitions or 
conversions

Inflow: New 
Residents

Stock: Boston 
Residents

Outflow: Leaving Residents

Decarbonization Efforts
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Thinking in Systems to Drive Change
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Thinking in Systems to Drive Change
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Thinking in Systems to Drive Change
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Why - Thinking in Systems
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Dealing with Exponential Adoption

Decarbonization 
is here!

We can do it!
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Enhancing Exponential Adoption of Clean 
Energy
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Systems Boundaries

House

Community

Region/Country

Health, safety, air 
quality, energy cost

Location, transportation, access, 
food security, schools

Energy grid, supply chain, carbon intensity, national 
policies, financial systems

Decarbonization Efforts



145 Warren St, Newton MA
Case Study

18
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Leverage Goals at Each Scale

House

State/Local

Regional/National

Higher sales price, 
lower operating costs

Local Green Newton Rules
Mass Save Incentives
Stretch Codes/Specialized Codes

Federal Tax Credits (45L Energy Efficient Homes) 
MA Climate Commitments and Policies
Global Climate Accords
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Inflation Reduction Act & MA Incentives
45L Energy Efficient Home Tax Credits

Electrification Rebates and Incentives

Solar and Geothermal Tax Credits

Mass Save Incentive Programs

Massachusetts Programs and Policies
MA Net-Zero Policies 

MA Stretch Codes and Specialized Codes

BERDO

State Commitment to Zero Emissions by 2050 to align with Paris Climate Accord

20

Regional and National 
Newton, MA
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Community Needs – Housing near 
Transit
Newton, MA
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Community Needs – Housing near 
Transit
Newton, MA
The Aloha Bungalow

October 1918 Home and Garden Magazine featured the home of Dai 
Buell 

1 of 37 places in Newton on the historic registry. 
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Development Options

3-Unit Concept

5-Unit Passive House Concept
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Passive House Carbon Emissions Reduction

45% Savings

0

2

4

6

8

10

12

14

16

3 Unit Gas Option 5 Unit All-Electric Passive House

Tons CO2 Emissions

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5
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Historic Preservation

Preserve the historic home and character of the area

Special Permit Process

Requests an increase in unit density on the rest of the property to provide 
more housing

Green Newton Goals

Eliminate Fossil Fuel Use – All Electric/Carbon Neutral

Reduce Embodied Carbon – Materials Selection

Use of Passive House to increase efficiency Green Newton seeks to promote efficient 
high-performance buildings 

25

Community Scale
Newton, MA



Integrated Design Process

Energy Modeling
- Passive House – WUFI, PHPP
- Homes – HERS Ratings 

Inspections and Testing

Measurement and Verification

Optimize the Home Performance
Building Science Toolkit

26
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House as a System
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12” Foam Glass Insulation – R-20 Installation Process

PROS No foam under slab
Replaces gravel
Light weight product
Cost comparable to cutting rigid foam board

Glavel Foam Glass

CONS More expensive than gravel

Slab Insulation
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2x6 Wall with ZIP-R Exterior Rigid – R-30 Installation Progress

PROS Reduced thickness insulation
Reduce thermal bridging
Primary air barrier at exterior

Recommend fluid applied air barrier at seams

CONS Longer fasteners for additional rigid
Detailing around windows, corners and roof

Exterior Walls – Units 3-5



Board of Directors Meeting – November 2014Aetna Foundation, Inc. Board of Directors Meeting – November 16, 2015

Internal Document: Proprietary and Confidential

30

2x6 Wall with 4” Rigid Insulation – R-42 Window Installation

PROS Higher R-value
Protected air barrier
Primary air barrier protected in sheathing

Thermal bucks eliminate thermal bridging at window 
blocking

CONS Strapping needed for siding
Foam is a higher emitting material

Exterior Walls – Unit 2
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Sloped Roof Assembly – R-68

Durability Considerations 

PHIUS Guidelines for unvented framed roof assemblies with some insulation 
provided by air impermeable insulation are as follows: 

Outer air-impermeable insulation value >35% of total
A 2x10 rafter cavity with cellulose provides an R-34. 

Continuous insulation must be R-19 or greater. 

The proposed assembly with GAF ThremalCal® ventilation integrated insulated 
roof panels meets PHIUS moisture criteria and necessary R-value to meet thermal 
performance requirements. https://www.gaf.com/en-us/products/thermacal-1

GAF Thermacal-1
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Fluid Applied Air Barrier
Continuous fluid applied air barriers for air and water 
protection. 

Prosoco R-Guard product recommended for window 
flashing and primary air barrier. 

Eliminates the need for Tyvek air and water barrier and 
dealing with tapes at any seams. 
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Heating, Cooling, and Ventilation

Minotair Pentcare

Primary Ventilation System

Distributes air across unit

Mitsubishi Mini Split

Supplemental heating/cooling

Main living area unit
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Along with Phius 2021 Certification, the following programs 
are also required for indoor health and comfort:

EPA Indoor Air Plus

Energy Star Homes

DOE Net Zero Energy Ready Homes

Mass Save Incentives

Additional Program Certifications
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• 45L Tax Credit  $22,500

• MA All Electric incentive  $75,000 

• Solar Tax Credits $12,500 30% federal tax credit

~2% of construction costs in credits/incentives

Incentives

Project Incentives

MA All Electric 45L
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Passive House Carbon Emissions Reduction
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Utility Cost Comparison
Passive House Utility Cost – Example 2 Bedroom

Code Built Home Utility Cost – Example 2 Bedroom

Code Built Home: $2,524 per year

Passive House: $323 per year

Utility Cost Savings: $183 per month

Additional Mortgage Value: $40,800



Finding your own “Why” 

Why is it so Important to me? 

Systems Thinking

38
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NESEA’s Impact

Why has NESEA been so Important to me? 
- Community of Practice
- Why of our Work
- Reflect, Motivate and Make a Difference! 

NESEA Experience
- Current NESEA Board Member 
- Kate Goldstein Emerging Leader Recipient
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Personal
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Professional
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Professional

People
Thoughtful

How to engage, empower, and grow a staff 
of thoughtful, caring professional 

individuals 

Profit
Impactful

How to make an impact with 
The work we do to continue
to be a catalyst for change

Planet
Sustainable

How do we create a
Sustainable environment 

And community

Mission: We work to create thoughtful, sustainable, impactful buildings.

Committed to Employee 
Ownership in 5 Years



Questions? 

Systems Thinking
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