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HOW DO WE ADDRESS 
HEAT ENERGY IN 
BUILDINGS?

Brief Introduction to building systems



HOUSEHOLD 
ENERGY USAGE

M A J O R  SYS T E M S

H EAT I N G 3 8 %

H OT  WAT E R     2 5 %

TOTA L     6 3 %



HEAT ENERGY 
EXIT STRATEGIES

DRAFTS



IDENTIFY HEAT 
ENERGY LEAKS
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FLOOR, WALL & ATTIC INSULATION



BUILDING ENVELOPE APPROACHES

R 21- 2 x 6 Wall

Foam Insulation

R 38 - 2 x 6 Wall

Spray Foam/Rigid

R 21- 2 x 6 Wall

Fiberglass / Rigid



BUILDING AIR BARRIERS



All sides = Shell or envelope.

Insulate = Thermal break.

Slab –

BUILDING EXTERIOR

Roof –Wall –

Wall – Roof

Slab



HOW DO WE ADDRESS 
FRESH AIR SOLUTIONS

Brief Introduction to Air Quality



INDOOR AIR QUALITY

Why Ventilate? 

• Spend more time indoors 

• Items brought into our homes – chemicals, plants, pets  

• Tighter houses and reduce air infiltration

• Increase comfort and the health of occupants 

• Prevent Mold growth opportunities 

• Higher expectations of our health and well-being 



HOW TO VENTILATE?

• Windows

• Exhaust in Kitchen and Bathrooms

• Energy/Heat Recovery Ventilation Systems (ERV/HRV)



Heat or Energy Recovery Ventilators (HRV / 
ERV) “the LUNGS of the Home”

Advancing the Value of Residential Ventilation for Healthier Living
Typically 70% - 80% Efficient

INDOOR AIR QUALITY



HOW DO WE CREATE 
HEAT ENERGY

Brief Introduction to Energy Creation









RENEWABLE ENERGY

• Installing Solar Photovoltaic (PV) units on a 

property will produce electrical energy.

• Highly efficient heat pumps and heat pump hot 
water systems use less electricity.

• Average Household use 6,000 – 10,000 KWH per year
• 18 Panels – 27 Panels – 7,800 – 10,800 KWH per year

• Residential Payback on investment 8 -12 years
• Commercial Payback on investment 6 – 10 years



HOW DO WE CREATE 
DOMESTIC HOT WATER 

Brief Introduction to Energy Creation



WATER USAGE

Clothes washer,



HOW MUCH WATER DO YOU CONSUME PER DAY ?

Bath

Showers

Brushing Teeth

Cooking & Drinking

Dishwasher

Washing by Hand

Laundry 

Toilet Use 

Outdoor use

Face / Leg Shaving

36 Gallons per tub

2 – 5  Gallons per minute

1 – 2  Gallons per minute

???

6 – 16 Gallons per cycle

8 – 27 Gallons per meal

25 – 40 Gallons load

1.5 – 3 Gallons per flush

2 Gallons per minute

1 – 2 Gallons per minute



WATER HEATING DEVICES

Insta-hot Combi Boiler Heat Pump Tankless DHW



Small panel systems pre-heating hot water reduce fuel 
consumption

SOLAR HOT WATER SYSTEMS





WHY BUILD HIGH 
PERFORMANCE 
BUILDINGS?

Brief Introduction to design approach



TODAYS HOUSING CRITERIA
MEETING THE CHALLENGES

Budget
 Fixed cost cap financing
 Rising Labor and Material costs

Nature
 Exterior Temps Range from -10 to 90 +
 Exterior Humidity Range from 55% - 95%

Resident
 Interior Temp Range from 70  to 75
 Interior Humidity Range from 40% - 60%

Management
 Properties that reduce Energy Demands
 Provide Residents with Thermal Comfort



THERMAL COMFORT 
ESSENTIAL FACTORS
PASSIVE HOUSE

 Air Temperature
Consistent temp range

 Surface Temperatures
Radiant Temp between surfaces 7.56*F

 Local Temperature Differences 
Temp from ankle to head seated 3.6*F
Room to Room Temp 1.44*F

 Eliminate Drafts
Unwanted heat, cold & moisture 

 Relative Humidity of the air
Limited moisture content 

 Clothing and degree of activity
Based on resident personal preferences



THERMAL COMFORT 
BUILDING & SYSTEM STRATEGIES
PASSIVE HOUSE

 Continuous Insulation
Walls & Roof =/>R-30 to R-60
Floor =/>R-11

 Airtight Barrier
Eliminate Thermal Bridging
=/<0.06/h n50 (blower door test)

 High Performance Windows
SHGC of 45%-55%
Windows R-7.1 (triple glazed)

 Heat Recovery Ventilation
75% Efficient Heat Recovery
=\<0.76 W/cfm electricity demand

 Electrical Appliance
Energy Efficient / Energy Star

 Glazing Design
Location & Size 
(larger-southern exposure)



EXAMPLES OF HIGH 
PERFORMANCE BUILDINGS

Brief introduction of the results



RIDGEWOOD II
2017 NEW CONSTRUCTION  

LEED PLATINUM

 Gorham Maine
 Completed in 2017
 24 Units - Senior housing
 1 Bldg. 23,026 Gross SF
 Wood Frame Construction
 Electric Baseboard 
 Solar Array
 Natural Gas for DHW 



2017           USAGE COST
• Nat Gas        2,336 $  2,663
• KWH         140,680 $21,102

2018           USAGE COST
• Nat Gas        2,435 $  2,776
• KWH         117,320 $17,598

 Cost per watt - $0.15 
 Cost per therm.- $1.14 

 Average Energy Cost –
 $23,358 per year

 Total Unit – 24
 Total Gross SF – 23,026

 Unit Energy Cost –
 $70.74 per month

 Building Energy Usage Cost –
 $0.88 per SF / per year
 $0.07 per SF / per month

PROJECT OUTCOME



BAYSIDE ANCHOR
2017 NEW CONSTRUCTION 
PASSIVE HOUSE

 Portland Maine

 Completed in 2017

 45 Units – Family Housing 

 1 Bldg. 37,815 SF

 Wood Frame Construction

 Electric Baseboard 

 Solar Array

 Natural Gas for DHW 



PROJECT OUTCOME
 PHPP estimated electricity use – 188,052kWH/YEAR
 Estimated cost at $0.15 - $28,207/YEAR

 PHPP estimated GAS use- 242,438kBTU/YEAR
 Estimated cost at 1.14 therm. - $2,763/YEAR

 Cost per watt - $0.15 
 Cost per therm.- $1.14 

 Average Energy Cost –
 $32,404 per year

 Total Unit – 45
 Total Gross SF – 37,815

 Unit Energy Cost –
 $69.71 per month

 Building Energy Usage Costs –
 $0.99 per SF / per year
 $0.08 per SF / per month

2017           USAGE COST
• Nat Gas        2,496 $  2,845
• KWH         162,120 $24,318

2018           USAGE COST
• Nat Gas        3,287 $  3,747
• KWH         225,978 $33,897



1BR (Bedroom)

Heating $107

Cooking $  11

Lighting $  32

DHWS $  32

Range $    9

Fridge $  11

Total $203

2 BR (Bedroom)

Heating $154

Cooking $  14

Lighting $  42

DHWS $  54

Range $    9

Fridge $  11

Total $284

Ridgewood ll
 Unit Energy Cost –
 $70.74 per month

Bayside Anchor
 Unit Energy Cost –
 $69.71 per month



WHAT IS THE COST 
DIFFERENCE FOR A HIGH 
PERFORMANCE BUILDING

Brief introduction into The Meadows



THE MEADOWS AT GRAPEVINE RUN
2017 New Construction – code compliant – Red
2019 New Construction – passive house – Blue

 Constructed in 2017
 (1) 24 Unit housing in Hampton Falls  
 1 Bldg. 20,290 SF
 Slab on grade wood structure 
 Central Boiler system – Baseboard fixtures 
 Propane Fuel

 Completion in 2019
 (2) 24 Unit housing in Hampton Falls  
 2 Bldgs. 20,290 SF Each
 Slab on grade wood structure 
 Heat Pump Heating, Cooling & DHW 
 Electric Fuel Source





THE MEADOWS AT GRAPEVINE RUN
Project:  Meadows One Date: 8/15/16 Project:  Meadows Two Date: 9/5/18

SCHEDULE OF VALUES SCHEDULE OF VALUES

Location: Hampton Falls, NH Location: Hampton Falls, NH

Description Total Cost Description Total Cost

General labor $ 83,200.00 General labor $ 0.00

Construction layout $ 5,000.00 Construction layout $ 0.00

Final clean $ 7,463.00 Final clean $ 0.00

Rubbish removal $ 14,700.00 Rubbish removal $ 10,000.00

Site improvements $ 2,400.00 Site improvements $ 2,400.00

Foundation $ 56,235.00 Foundation $ 58,500.00

Flatwork $ 62,707.00 Flatwork $ 53,214.00

Masonry $ 23,279.00 Masonry $ 20,592.00

Metal fabrications $ 11,340.00 Metal fabrications $ 4,500.00

Rough carpentry, roofing, siding $ 535,214.00 Rough carpentry, roofing, siding $ 422,092.00

Homasote Layer $ 15,000.00 Homasote Layer (gypcrete) $ 15,706.00

Finish carpentry & cabinetry $ 151,575.00 Finish carpentry & cabinetry $ 281,417.00

Insulation $ 88,240.00 Insulation $ 369,094.00

Gutters & downspouts $ 8,000.00 Gutters & downspouts $ 0.00

Snowguards $ 6,660.00 Snowguards $ 0.00

Roof hatch $ 1,500.00 Roof hatch $ 0.00

Access doors $ 3,600.00 Access doors $ 3,000.00

Firestopping $ 5,000.00 Firestopping $ 0.00

Windows $ 35,851.00 Windows $ 57,106.00

Storefront/glass $ 16,310.00 Storefront/glass $ 12,800.00

Doors and hardware $ 101,611.00 Doors and hardware $ 158,351.00

Drywall $ 163,950.00 Drywall $ 285,750.00

Flooring $ 82,163.00 Flooring $ 122,771.00

Acoustic ceiling $ 12,317.00 Acoustic ceiling $ 14,900.00

Painting $ 49,495.00 Painting $ 49,748.00

Specialties/FRP $ 42,947.00 Specialties/FRP $ 30,248.00

Appliances $ 37,589.00 Appliances $ 38,803.00

Window treatment $ 5,946.00 Window treatment $ 13,250.00

Fire protection * $ 210,283.00 Fire protection * $ 51,960.00

Elevator $ 77,860.00 Elevator $ 72,600.00

Plumbing $ 185,000.00 Plumbing $ 185,000.00

HVAC $ 348,543.00 HVAC $ 381,000.00

Electrical $ 409,017.00 Electrical $ 405,875.00

Solar Electric Photovoltaic (PV) $ 0.00 Solar Electric Photovoltaic (PV) $ 0.00

Construction equipment $ 10,000.00 Construction equipment $ 0.00

Winter Conditions $ 26,000.00 Winter Conditions $ 30,000.00

Total 2,895,995.00 Total 3,150,677.00



ANSWER THE 
QUESTIONS

Can we prove that high performance buildings work?

Is it worth the money?

Can we display the findings in dollars and cents (sense)?



ENERGY PERFORMANCE
BENCHMARKING TOOLS & SERVICES



ENERGY PERFORMANCE
BENCHMARKING TOOLS & SERVICES

AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017



ENERGY PERFORMANCE
BENCHMARKING TOOLS & SERVICES

AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017
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AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017



ENERGY PERFORMANCE
BENCHMARKING TOOLS & SERVICES

AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017



ENERGY PERFORMANCE
BENCHMARKING TOOLS & SERVICES

AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017AVESTA HOUSING  - NEW CONSTRUCTION 2005 - 2017



SUMMATION OF HIGH 
PERFORMANCE BUILDINGS 
EXCEED EXPECTATIONS

Budget
 Modest increase of 3%-5% first costs

Nature
 Create more resilient buildings

Resident
 Residents receive thermal comfort

Management
 Building can save operations Money
 Building can reduce Energy consumption
 Building can reduce or eliminate Carbon output



CONCLUSION

 Comfort is a primary objective in providing exceptional housing to residents

 The better the envelope the simpler the mechanical systems

 5% cost increase – 50% reduction in expenses – 100% reduction in carbon emission

 Buildings are more resilient to weather, water and air infiltration

 Management can focus on resident needs and less on building needs 

 Buildings can be constructed with standard and accessible materials




