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Odin affiliates currently own and 
manage approximately 9,000 

apartments and 200,000 square feet

of commercial space in 14 US 
States.



Bldg Info

Mount West
1414 71st Ave, Philadelphia, PA 19126

Year Built - 1950s-1960s
Size - 20,901 GSF 
Units - 28 (22 1 Bed, 6 2 Bed)
Materials - Brick, CMU, 2x floor 
framing and roof framing 



Existing Systems
Analysis

Summary of replacement 
strategy, options, and age 
of equipment

Existing Thru-wall Air-
Conditioning

Existing Centralized Gas Boiler 
for Heating

Existing Gas Water Heating Existing 40 Amp Panel in Unit

Existing Hydronic Baseboard 
Heating

Existing Bath Ventilation
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Mechanical Spaces
Electrical Meter Room:

● Replace existing 800 
amp service with 1200 
amp service

Existing elec. panel 
and sub-meters



Existing vented 
gas dryers

Mechanical Spaces
Laundry Room:

● Replace Gas dryers 
w/ condensing HP 
dryers

● Eliminate dryer vents



Existing boiler and 
gas HW heater

Mechanical Spaces
Boiler Room:

● Remove Gas-fired 
boiler



Existing boiler and 
gas HW heater

Mechanical Spaces
Boiler Room:

● Remove boiler
● Replace with HP 

water heaters
● Cap & abandon pipes
● Install (8) 80 gal 

Rheem HP WH

Heat pump Water HeaterCost - $2000 per unit



Level 1.5

2 Bed Unit
1 Bed Unit



Typical 1-Bed Unit

EXISTING SYSTEM:

● Plug-in A/C unit in through-wall sleeve 

● Centralized hydronic baseboard heating

● Exhaust fan in bathroom ducted to exterior 

wall

● Recirculating range hood with charcoal 
filter

● 40 amp elec panel



Typical 1-Bed Unit

New Wall Panel:

● Prefabricated exterior wall panel system 

● Factory-installed windows in existing 
window locations

● Vapor-open insulated wall assembly



Typical 1-Bed Unit

Ventilation SYSTEM:

● Lunos ET2 HRV pair in Bedroom and 
Living Room

● Transfer grille installed between Bedroom 
and Living Room for air circulation through 

unit
● Panasonic ERV for Bath exhaust



Cost - $2,500 per unit
Size - 39.7” W x 21.9” H x 6.5” D

Typical 1-Bed Unit

Heating/Cooling SYSTEM:
● Ephoca monoblock heat pump unit 

provides heat, cooling, and humidity control

● (2) through-wall ducts installed in existing 

A/C opening in Living room



Typical 1-Bed Unit

ALL-ELECTRIC SYSTEM:
● Eliminate gas appliances throughout: 

replace gas range with electric cooktop

● Replace recirculating range hood

● Upgrade electrical sub-panel in unit to 100 
amps



Assembly Details

Detail of overall 
construction approach 
between existing and new 
wall at window opening

Window/Base Detail



Existing Wall 
Assembly

New Wall Assembly

- siding
- 2 ½” of steico 

exterior insul

- 2x6 wood framing
- dense pack 

cellulose Insul
- 7/16” plywood 
- 2” air space 

Wall Details

● Vapor open assembly
● Prefab and Panelized  



Assembly Details

Detail of overall 
construction approach 
between wall and roof 

Wall Roof Detail



Assembly Details

Detail of overall 
construction approach at 
base of wall at perimeter

Foundation Detail



Prefab Fabrication

Costs, construction timeline, and 
info about blueprint prefab 



Thermal Envelope

Exploded axon showing 
new walls and roof 
insulation over existing 
building including 
perimeter excavations

Wall panels



Rooftop Solar

(220) 300W solar panels on 
10 deg east west roof racks 
for maximum efficiency

Total Array Size - 66kw
Generates 107,203 kWh/yr
or 70% of total consumption

Wall panels



EUI: Site Energy Use Intensity Comparison (kBtu/SF) Project Energy 
Consumption + Production

88% Better than Code building



TYPICAL Code kWh

45,933  kWh  Total

153,136  kWh  Total

361,403  kWh  Total

PROJECTED PV 
Production kWh

107,203  kWh  Total

PROJECTED 
Consumption kWh

NET kWh

Project Energy 
Consumption + Production

88% Better than Code building



PROJECTED 
Consumption kWh

TYPICAL Code kWh

45,933  kWh  Total

153,136  kWh  Total

361,403  kWh  Total

PROJECTED PV 
Production kWh

107,203  kWh  Total

NET kWh

45,933 kWh  x $.11kWh = 
$5052/year/building
$180/year/unit
$15/month/unit 

361,403 kWh  x $.11kWh = 
$39,754/year/building
$1419/year/unit
$118/month/unit 

Project Energy 
Consumption + Production

88% Better than Code building



Overview of Cost

Construction cost details

$2,481,793.31   Total Cost

- 868,627.65       4% LIHTC
- $500,000      Mun. Grant
- $500,000 State Grant

$613,165.65 5% MORTGAGE
Annual Mortgage $39,492.00

$88,635.46 per Apartment



Existing Facade

Existing brick facade 
with exterior applied 
cooling units, elec 
conduit and vents



Facade Renderings

Initial facade option 
exploring panel divisions 
and window shading 



Facade Renderings

Process facade 
rendering exploring 
panel divisions and 
window shading and 
color 



Facade Renderings

Process facade 
rendering exploring 
colors, entry canopy, and 
planting 



Bldg Info

1-39 Hano Street, 
Allston Brighton, MA
- Year Built – 1888
- Size – 24,083 GSF
- Zoning: R-3 
- 10 Duplexes, 20 Units 
- Materials – Wood framed, 

masonry fire walls



RECENT SURVEY PLAN

- Challenging building form
- Very tight access at street
- Overhead wires make front 

panelization difficult
- Model as one building or Ten?



RECENT SURVEY PLAN

- Challenging building form
- Very tight access at street
- Overhead wires make front 

panelization difficult
- Model as one building or Ten?

- Chose to model one duplex 
at a time.



HVAC STRATEGY

EXISTING CONDITIONS 
- Eliminate gas and 

centralized boiler for heating
- Eliminate gas and DHW 

tanks
- No cooling 



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit

1st floor supply/exhaust ducts
Flush to ceiling and feed 1st floor
Through floor registers

2nd floor supply/exhaust ducts
Sandwiched below 1st floor ducts
feed 2nd floor on outside 

Minotair units



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT

EXHAUST Ducts to 
1st + 2nd floor bathrooms
And kitchens.  

SUPPLY Ducts to 
Bedrooms and living 
areas

BASEMENT PLAN



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT
- Service 1st floor unit through 

floor registers

Supply Floor register

Supply Floor register

Supply Floor register

Exhaust connected to existing
Kitchen exhaust to exterior

Exhaust connected to existing
Bath exhaust to exterior

1st FLOOR PLAN



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT
- Service 1st floor unit through 

floor registers
- Service 2nd floor from 

outside between new and 
existing envelop

Supply Wall register

Supply Wall register

Supply Wall register

Exhaust connected to existing
Kitchen exhaust to exterior

Exhaust connected to existing
Bath exhaust to exterior

2nd FLOOR PLAN

Supply Wall register



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT
- Service 1st floor unit through 

floor registers
- Service 2nd floor from 

outside between new and 
existing envelop

AXONOMETRIC

Supply duct to 
2nd fl bedroom

Supply duct to 
2nd fl Living Room

Supply duct to 
2nd fl bedroom

Exhaust duct to 1st floor Bath

Exhaust duct to 2nd floor 
Bath and Kitchen



HVAC STRATEGY

- Decentralized ventilation, 
heating, and cooling strategy

- Replace gas water heaters 
with Heat Pump Water 
Heaters (HPWH)

- Use Minotair Unit
- Use KOOL DUCT
- Service 1st floor unit through 

floor registers
- Service 2nd floor from 

outside between new and 
existing envelop

AXONOMETRIC

Supply duct to 
2nd fl bedroom



ENVELOP STRATEGY

FRONT WALL
- Strip existing skin from 

building down to studs
- Spray foam EXISTING stud 

walls  
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install PRE-FRAMED 

window screwed directly to 
existing wall

- Install 1 layer of 4” 
RECYCLED polyiso
insulation AND 2 - 4” layers 
of Roxul on bays

- Furring strips and new siding

SPRAY FOAM



HANO STREET VIEW

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 



ENTRANCE

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 

- No 36” landing for steps
- Steps extend into sidewalk
- 32” wide doors

1ST FL

DOOR

2ND FL

DOOR

2ND FL

DOOR

1ST FL

DOOR



36” MIN

LANDING

PROPERTY LINE

36” MIN

LANDING

36” MIN

LANDING

ENTRANCE

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 

- Min 36” landings for steps



NEW 

WINDOW

NEW 

WINDOW

REPLACE 

DOOR

REPLACE 

DOOR

PROPERTY LINE

ENTRANCE

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 

- Min 36” landings for steps
- Replace 1st floor unit doors
- Replace 2nd floor unit doors 

with windows

36” MIN

LANDING

36” MIN

LANDING

36” MIN

LANDING



NEW 
DOOR

NEW 
DOOR

NEW 
DOOR

NEW 
DOOR

NEW 

WINDOW

NEW 

WINDOW

REPLACE 

DOOR

REPLACE 

DOOR

PROPERTY LINE

ENTRANCE

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 

- Min 36” landings for steps
- Replace 1st floor unit doors
- Replace 2nd floor unit doors 

with windows
- Install new interior doors to 

both units

36” MIN

LANDING

36” MIN

LANDING

36” MIN

LANDING



ENTRANCE

HOW TO MAKE ENTRANCE
CODE COMPLIANT? 

NEW 
DOOR

NEW 
DOOR

NEW 
DOOR

NEW 
DOOR

NEW 

WINDOW

NEW 

WINDOW

REPLACE 

DOOR

REPLACE 

DOOR

PROPERTY LINE

36” MIN

LANDING

36” MIN

LANDING

36” MIN

LANDING



Insulate existing wall here by filling
existing wall cavity with SPRAY FOAM
and 4” of used polyiso IN THIS ZONE ENVELOP STRATEGY

FRONT WALL
- Strip existing skin from 

building down to studs
- Spray foam EXISTING stud 

walls  
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install PRE-FRAMED 

window screwed directly to 
existing wall

- Install 1 layer of 4” 
RECYCLED polyiso
insulation AND 2 - 4” layers 
of Roxul on bays

- Furring strips and new siding



ENVELOP STRATEGY

FRONT WALL
- Strip existing skin from 

building down to studs
- Spray foam EXISTING stud 

walls  
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install PRE-FRAMED 

window screwed directly to 
existing wall

- Install 1 layer of 4” 
RECYCLED polyiso
insulation AND 2 - 4” layers 
of Roxul on bays

- Furring strips and new siding

Insulate 2 layers of 
4” Roxul IN THIS ZONE

Insulate existing wall here by filling
existing wall cavity with SPRAY FOAM
and 4” of used polyiso IN THIS ZONE



ENVELOP STRATEGY

FRONT WALL
- Strip existing skin from 

building down to studs
- Spray foam EXISTING stud 

walls  
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install PRE-FRAMED 

window screwed directly to 
existing wall

- Install 1 layer of 4” 
RECYCLED polyiso
insulation AND 2 - 4” layers 
of Roxul on bays

- Furring strips and new siding
- Run sprinkler lines between 

old and new envelops

Insulate 2 layers of 
4” Roxul IN THIS ZONE

New Sprinkler lines 
If necessary

Insulate existing wall here by filling
existing wall cavity with SPRAY FOAM
and 4” of used polyiso IN THIS ZONE



ENVELOP STRATEGY

ALL OTHER  WALLS
- Strip existing skin from 

building down to studs
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install 2X8 stud wall filled 

with Hemp Insulation, 
spaced 4” from existing wall

- Furring strips and new siding
- Run sprinkler lines AND 

ductwork in 4” air space 
between old and new 
envelops



ENVELOP STRATEGY

ALL OTHER  WALLS
- Strip existing skin from 

building down to studs
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install 2X8 stud wall filled 

with Hemp Insulation, 
spaced 4” from existing wall

- Furring strips and new siding
- Run sprinkler lines AND 

ductwork in 4” air space 
between old and new 
envelops

- Wrap parapet and roof
Wall Roof Detail



ENVELOP STRATEGY

ALL OTHER  WALLS
- Strip existing skin from 

building down to studs
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install 2X8 stud wall filled 

with Hemp Insulation, 
spaced 4” from existing wall

- Furring strips and new siding
- Run sprinkler lines AND 

ductwork in 4” air space 
between old and new 
envelops

- Wrap parapet and roof
- Stop insulation of basement 

at grade
Foundation Detail

Anchor shelf angle 
to existing basement 
leaving 4’ space for 
Ductwork

4” airspace



Window/Base Detail

ENVELOP STRATEGY

ALL OTHER  WALLS
- Strip existing skin from 

building down to studs
- Install new ½” Zip layer as 

primary AIR BARRIER
- Install 2X8 stud wall filled with 

Hemp Insulation, spaced 4” 
from existing wall

- Furring strips and new siding
- Run sprinkler lines AND 

ductwork in 4” air space 
between old and new 
envelops

- Wrap parapet and roof
- Stop insulation of basement 

at grade
- Remove and seam exist wind



PHIUS+ 2018  VERIFICATION 1

BUILDING INFORMATION

Category:

Status:

Building type:

Year of construction:

Units:

Number of occupants:

Occupant density:

Residential

In planning

Retrofit

1880

2

7 (Design)

220 ft²/Person

Boundary conditions

Climate:

Internal heat gains:

Interior temperature:

Overheat temperature:

BOSTON LOGAN INT ARPT MA

1.4 Btu/hr ft²

68 °F

77 °F

Building geometry

Enclosed volume:

Net-volume:

Total area envelope:

Area/Volume Ratio:

Floor area:

Envelope area/iCFA:

27,014.3 ft³

11,440 ft³

3,535.9 ft²

0.1 1/ft

1,540 ft²

2.296

PASSIVEHOUSE REQUIREMENTS

Certificate criteria: PHIUS+ 2018

Heating demand

specific:

target:

total:

3.9 kBtu/ft²yr

8.3 kBtu/ft²yr

6,011.69 kBtu/yr

0 1 2 3 4 5 6 7 8 9

Cooling demand

sensible:

latent:

specific:

target:

total:

2.99 kBtu/ft²yr

0.21 kBtu/ft²yr

3.2 kBtu/ft²yr

7 kBtu/ft²yr

4,921.09 kBtu/yr

0 1 2 3 4 5 6 7 8 9

Heating load

specific:

target:

total:

5.26 Btu/hr ft²

6.9 Btu/hr ft²

8,106.39 Btu/hr

0 1 2 3 4 5 6

Cooling load

specific:

target:

total:

4.06 Btu/hr ft²

4.3 Btu/hr ft²

6,256.84 Btu/hr

0 1 2 3 4 5 6

Source energy

total:

specific:

target:

total:

specific:

0 kWh/yr

0 kWh/Person yr

3,840 kWh/Person yr

0 kBtu/yr

0 kBtu/ft²yr

0 2000 4000 6000 8000 10000

Site energy

total:

specific:

total:

specific:

-2,866.57 kBtu/yr

-1.86 kBtu/ft²yr

-840.19 kWh/yr

-0.55 kWh/ft²

-2 -1.67 -1.33 -1 -0.67 -0.33

Air tightness

ACH50:

CFM50 per envelope area:

target:

target CFM50:

1.49 1/hr

0.05 cfm/ft²

1.79 1/hr

0.06 cfm/ft²

0 0.2 0.4 0.6 0.8 1 1.2

PASSIVEHOUSE RECOMMENDATIONS

Sensible recovery efficiency: 98 %
50 60 70 80 90 100

Frequency of overheating: 25.2 %
0 5 10 15 20Cooling system is required

Frequency of overheating only applies if there is not a [properly sized] cooling system installed.



SOLAR

PER DUPLEX:

- (27) 300W solar 
panels on 10 deg east 
west roof racks for 
maximum efficiency

- Total Array Size –
8.1kw per duplex

- @ $2/watt = $16,200 
per duplex or $8100 
per unit or 
$162,000.00



$43,566.00 Annual Cost of Utilities

Existing EUI of 75 kBTU/sf/yr

New EUI after DER: 23 kBTU/sf/yr

NET ZERO ENERGY
$43,566.00 SAVINGS PER YEAR



SITE BUILT
$121.00/SF
TOTAL: $3,040,392.00

$152,019.00 per Apartment

PANELIZED
$149.00/SF
TOTAL: $3,726,000.00

$186,000.00 per Apartment







JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

- High level DER Feasibility study
- School District was planning on limited Retrofit 

with a robust geothermal system for 
heating/cooling

- We proposed a DER to radically reduce energy 
consumption, with panelized system, all-electric 
building, new HVAC and Domestic hot water 

- No WUFI model but used average 25 kBTU/sf/yr
as target EUI (65% utility savings from baseline)

- Existing utility data says the baseline EUI is 71 
kBTU/sf/yr

- Explored 3 HVAC strategies, looking for most 
appropriate and cost-effective.

- High level pricing exercise to determine if this is 
the more cost-effective approach to this retrofit



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

- 2 story structure
- Prefabricated exterior wall panels cladding the 

entirety of the above-grade building enclosure.
- Given the limited extents of this study and the 

limited existing documentation available, the 
Project Team has assumed a panel thickness of 
6” with an Rvalue of 35 as a placeholder.

- Given the limited extents of this study and the 
limited existing documentation available, the 
Project Team has assumed a roof assembly 
thickness of 12” (Rvalue of 72) as a placeholder.



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

VENTILATION STRATEGY #1: UNITARY ERVS

PROS
- Reduced cross-contamination between spaces
- Minimized ductwork, coring, smoke dampers, etc.
- Occupancy based ventilation rates for each space are much easier to implement
- Preserves roof area for solar array
- May be most energy efficient option (depending on equipment selection)
CONS
- Added maintenance costs due to individual unit filters
- Large number of individual ERVs may be more expensive than a central ERV
- Need to run electrical to each unit
- Added penetrations to building exterior



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

VENTILATION STRATEGY #2: CENTRALIZED ERVS

PROS
- Fewer ERV’s may have less upfront and 

maintenance costs, depending on ductwork, 
dampers and coring costs.

- Maintenance has fewer units to maintain (such as 
changing filters)

- Can incorporate post-ERV conditioning of air to 
control moisture load and comfort.

CONS
-Reduces roof space availability for solar array
- More ductwork
- Limited ability to turn down ventilation rates in specific 
spaces when not occupied



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

HEATING/COOLING STRATEGY #1: VRF 
(RECOMMENDED)

PROS 
- Minimal footprint of outdoor equipment
- Efficient system minimizes operating costs
- Simultaneous heating and cooling with energy 

recovery
- Refrigerant lines, branch controllers and terminal 

units are relatively low impact additions to the 
interior

CONS
- Upfront costs may be high
- Depending on installation contractor, a poor install 

quality can result in refrigerant leaks and inefficient 
operation



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

HEATING/COOLING STRATEGY #2: CENTRAL HEX 
SYSTEM

PROS 
- Utilizes standard hydronic distribution
- Reduces refrigerant and potential leakage points
- Simultaneous heating and cooling with energy 

recovery
- Minimal footprint of outdoor equipment
- Efficient system minimizes operating costs
- Conducive to future refrigerants or heat pump 

technology upgrades
CONS
- Slightly less efficient than standard VRF
- WSHPs are single speed and may be noisy when 

kicking on



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

HEATING/COOLING STRATEGY #3: EPHOCA

PROS 
- Relatively efficient units
- Low upfront costs due to inexpensive units and 

limited distribution required
- Preserves roof space for solar panels
- Install is minimally invasive and can utilize existing 

wall penetrations
- CONS
- Limited heating capacity at cold temperatures
- Would need multiple units per space to meet load.
- Not suitable for large spaces with moderate to high 

heating/cooling load.



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

HOT WATER STRATEGY : Air-to-Water Heat pump 
(Aegis, Mitsubishi Q-Mark, LG Hydrokit)

PROS 
- Efficient, all-electric systems
- Can produce hot water even during cold outdoor 

temperatures
- Can potentially piggyback off of heating/ cooling 

equipment
CONS
- Requires large amounts of storage to meet peak 

loads
- Upfront costs typically higher than fossil fuel systems



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

HVAC/DHW SYSTEMS: 

Renewable Energy Generation

- For the purposes of this study, the Project Team has 
developed a preliminary plan depicting a rooftop photovoltaic 
array consisting of approximately 823 - 400W panels.  The 
equivalent system output of an array of this size is 
approximately 378,264 kWh/yr.

- The proposed post-DER, pre-solar Energy Usage Intensity 
(EUI) goal is 25 kBTU/sf yr.  Based on the gross area of the 
building, a site EUI of 25 is equivalent to a site energy use of 
376,414 kWh/yr; therefore, with the implementation of a 
378,264 kWh/yr solar array, the resulting site EUI drops to -
0.12, projecting a Net Positive Energy building.

- If the utility/cost data provided to us is correct this would 

translate into approximate utility savings of $51,000/year.



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

BUDGET: BOD : 
1. Decentralized Ventilation
2. Centralized VRF
3. Panelized envelop

$254/sf (Union Labor)



JFK Elementary School
7 Bolster St, Jamaica Plain, MA 02130

BUDGET: 

• NOTE: WE WERE TOLD A BUDGET HAS YET TO BE 
CREATED FOR THE PROJECT

• WAITING ON FEEDBACK FROM RENEW BOSTON 
TRUST

$12,539,000.00 Total Budget





FAIRWEATHER DANVERS FAIRWEATHER PEABODYFAIRWEATHER BEVERLYFAIRWEATHER SALEM



FAIRWEATHER SALEM 127 unit, 73,920 sf, 6 stories

Feasibility Study
Deep Energy Retrofit 

Goals:

1. Research 7 Panelized manufacturers for most cost-
effective, factory-built, high performance envelop, including 

new roof
2. Research 3-4 HVAC strategies for most cost-effective 

approach to bringing heating, cooling and ventilation to 

every apartment and communal space 
3. Research all-electric centralized Domestic Hot Water 

Systems to replace gas boiler
4. Eliminate all gas equipment and appliances from building 

for all-electric building

5. Create WUFI model of proposed design to meet the Passive 
House standard.

6. Incorporate as much PV renewable energy as possible with 
goal of Net Zero Energy.

7. Create preliminary budget for DER



FAIRWEATHER SALEM
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KEYNOTE LEGEND

KEYNOTE VALUE KEYNOTE TEXT

1/8" = 1'-0"
2

LEVEL 1

1/8" = 1'-0"
1

LEVEL B2

1/8" = 1'-0"
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LEVEL B1

(UNEXCAVATED)
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1,799 SF

HALL

AREA SCHEDULE TOTALS (GSF)

LEVEL BUILDING NAME
FORMER
ADDRESS AREA

Not
Placed

A X Not Placed

Not Placed 0 SF

Grand total: 1 0 SF

KEYNOTE LEGEND

KEYNOTE VALUE KEYNOTE TEXT

1/8" = 1'-0"
2

LEVELS 2 - 6



FAIRWEATHER SALEM

DN

A B

7

5

4

3

D E

2

1

6

F G H I

TOTAL ROOF SURFACE:  12,460 SF

STAIR 3

ELEVATOR TOWER

CELL TOWER
DUNNAGE

VENTACITY 
#1

VETACITY #2

4-1

8

9

D-2D-1

PV:  288SF

PV:  432SF

PV:  288SF

PV:  288SF

P
V

: 
 2

88
S

F

P
V

: 
 2

88
S

F

P
V

: 
 2

88
S

F

PV:  142SF

PV:  192SF

PV:  362SF

PV:  71SF

PV:  360SF PV:  143SF

PV:  143SF

1. TYPE OF SOLAR PV SYSTEM:
2. SYSTEM LOCATION: 
3. SYSTEM MOUNTING STRATEGY:
4. PV PANEL SIZE(S):
5. SYSTEM EXPECTED YIELD:
6. QUANTITY OF PANELS:
7. QUANTITY OF INVERTERS:

SOLAR PV BASIS OF DESIGN

1/8" = 1'-0"
1

ROOF PLAN

PV PANEL SCHEDULE

Family Type Mark Width Length Wattage Description Manufacturer Count

PV_PANEL-LG 400W 6' - 7 5/8" 3' - 4 3/8" 400 W LG 532

532

532
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KEYNOTE LEGEND

KEYNOTE VALUE KEYNOTE TEXT

1/8" = 1'-0"
1

SOUTH ELEVATION

WALL AREA (LESS DOORS AND
WINDOWS)

Wall Orientation Area

EAST 14,337 SF

NORTH 14,604 SF

SOUTH 10,336 SF

WEST 12,642 SF

Grand total: 43 51,919 SF

WINDOW AREA-BY ORIENTATION

QTY

WINDOW

ORIENTATION AREA

171 2,733 SF

58 EAST 866 SF

10 NORTH 160 SF

79 WEST 1,321 SF

318 5,080 SF

WINDOW AREA & COUNTS

QTY

WINDOW

WIDTH

WINDOW

HEIGHT

WINDOW

ORIENTATION AREA

65 3' - 0" 4' - 0" 780 SF

5 3' - 0" 4' - 0" 60 SF

13 3' - 0" 5' - 0" 195 SF

5 4' - 0" 5' - 0" 100 SF

10 4' - 0" 4' - 0" 160 SF

11 4' - 10" 5' - 0" 266 SF

60 4' - 10" 4' - 0" 1,160 SF

2 3' - 0" 2' - 0" 12 SF

15 3' - 0" 4' - 0" EAST 180 SF

10 3' - 0" 4' - 0" EAST 120 SF

2 3' - 0" 5' - 0" EAST 30 SF

1 3' - 0" 5' - 0" EAST 15 SF

4 4' - 0" 5' - 0" EAST 80 SF

20 4' - 0" 4' - 0" EAST 320 SF

1 4' - 10" 5' - 0" EAST 24 SF

5 4' - 10" 4' - 0" EAST 97 SF

10 4' - 0" 4' - 0" NORTH 160 SF

9 2' - 4" 8' - 10" WEST 186 SF

30 3' - 0" 4' - 0" WEST 360 SF

5 3' - 0" 5' - 0" WEST 75 SF

5 4' - 10" 5' - 0" WEST 121 SF

30 4' - 10" 4' - 0" WEST 580 SF

318 5,080 SFVertical PV
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KEYNOTE LEGEND

KEYNOTE VALUE KEYNOTE TEXT

1/8" = 1'-0"
1

SOUTH ELEVATION

WALL AREA (LESS DOORS AND
WINDOWS)

Wall Orientation Area

EAST 14,337 SF

NORTH 14,604 SF

SOUTH 10,336 SF

WEST 12,642 SF

Grand total: 43 51,919 SF

WINDOW AREA-BY ORIENTATION

QTY

WINDOW

ORIENTATION AREA

171 2,733 SF

58 EAST 866 SF

10 NORTH 160 SF

79 WEST 1,321 SF

318 5,080 SF

WINDOW AREA & COUNTS

QTY

WINDOW

WIDTH

WINDOW

HEIGHT

WINDOW

ORIENTATION AREA

65 3' - 0" 4' - 0" 780 SF

5 3' - 0" 4' - 0" 60 SF

13 3' - 0" 5' - 0" 195 SF

5 4' - 0" 5' - 0" 100 SF

10 4' - 0" 4' - 0" 160 SF

11 4' - 10" 5' - 0" 266 SF

60 4' - 10" 4' - 0" 1,160 SF

2 3' - 0" 2' - 0" 12 SF
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9 2' - 4" 8' - 10" WEST 186 SF

30 3' - 0" 4' - 0" WEST 360 SF

5 3' - 0" 5' - 0" WEST 75 SF

5 4' - 10" 5' - 0" WEST 121 SF

30 4' - 10" 4' - 0" WEST 580 SF

318 5,080 SFVertical PV

Front Flats, 174 kW array, Phila, Onion Flats
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KEYNOTE LEGEND
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WALL AREA (LESS DOORS AND
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Wall Orientation Area

EAST 14,337 SF

NORTH 14,604 SF

SOUTH 10,336 SF

WEST 12,642 SF

Grand total: 43 51,919 SF

WINDOW AREA-BY ORIENTATION

QTY

WINDOW

ORIENTATION AREA

171 2,733 SF

58 EAST 866 SF

10 NORTH 160 SF

79 WEST 1,321 SF

318 5,080 SF

WINDOW AREA & COUNTS
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WIDTH
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HEIGHT
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65 3' - 0" 4' - 0" 780 SF
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10 4' - 0" 4' - 0" 160 SF

11 4' - 10" 5' - 0" 266 SF

60 4' - 10" 4' - 0" 1,160 SF

2 3' - 0" 2' - 0" 12 SF
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1 4' - 10" 5' - 0" EAST 24 SF

5 4' - 10" 4' - 0" EAST 97 SF
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5 3' - 0" 5' - 0" WEST 75 SF

5 4' - 10" 5' - 0" WEST 121 SF

30 4' - 10" 4' - 0" WEST 580 SF

318 5,080 SFVertical PV

Front Flats, 174 kW array, Phila, Onion Flats

Salem Heights, Salem, MA, POAH
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Grand total: 4 8,568 SF
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WEST ELEVATION

WINDOW AREA-BY ORIENTATION

QTY

WINDOW

ORIENTATION AREA
171 2,733 SF

58 EAST 866 SF

10 NORTH 160 SF

79 WEST 1,321 SF

318 5,080 SF

WALL AREA (LESS DOORS AND
WINDOWS)

Wall Orientation Area

EAST 14,337 SF

NORTH 14,604 SF

SOUTH 10,336 SF

WEST 12,642 SF

Grand total: 43 51,919 SF



FAIRWEATHER SALEM



FRP 
(Fibreglass Reinforced Panel)







RC PANELS Advanced Building Solutions

188 Warren Street

European company brought to us by RMI Brooklyn, NY 11201

Using Sto panels Peter Bonte

They were one of the companies that did Material Pricing/ SF Labor Pricing/SF TOTAL INSTALLED plabonte@advanced-build.com

Energiesprong in Netherlands. mobile 917.509.2200

1. We can produce it on an outsourced basis although before we commit to anything we need get a better understanding of your timeline.

2. The cost per sqft would be assuming no unforeseen issues arise to do w/material cost. . 

3. We can meet the 6 story fire code requirement at the price above.  

4. If Placetailer is going to be your GC we can train their people in the installation and will bring over someone from the Netherlands to assist with training and the first insulation.  

Moving forward we’d like to be able to have few crews in each metro area that is trained on the installation so Placetailer could be a good starting point.   

There is work being done that will allow the architect to do the design and load it directly to our platform, we’ll then do the layout the engineering and the pricing on the platform.  







* NOTE: NO UPDATED PRICING ………

TREMCO

*Based on Heather's cost David Huchinson

Insulated metal panel with EPS data analysis on Eva White DBHutchinson@tremcoinc.com

foam, integrated 3-pane windows, Material Pricing/ SF Labor Pricing/SF TOTAL INSTALLED Steven Mort

EIFS finish SMort@tremcoinc.com

Been buying companies and solidifying 

pricing 

Formaliozing installer training program in

Cleveland…..extended warranties….



FAIRWEATHER SALEM

Areas with no windows maybe
Less expensive to site-build

Vertical PV on South and East

Areas with windows are to be
panelized in factory



HVAC/DHW SYSTEMS

+

+

+ or

1.

2.

3.

+ or4.

+ or5.



1. Ephoca Vertical Stack

PROS

- Single heating/cooling/ventilation solution

- Easy to schedule installation

- Can exhaust bathroom and kitchen area
- Does not require fire-stopping and smoke dampers

- Reduced risk of refrigerant leak in apartments
CONS

- Added maintenance costs due to individual unit filters

- Higher operating cost compared to centralized heat recovery VRF system
- Requires two penetrations through enclosure per apartment

- More work in occupied rehab compared to wall hung FCUs and central ventilation system
- Lower ERV efficiency compared to central ventilation system

- Will require electric resistance heating for winter design conditions

HVAC/DHW SYSTEMS: 



HVAC/DHW SYSTEMS: 

2. Ephoca Wall mounted + De-coupled ventilation 

+

Heating/Cooling Ventilation

PROS

- Re-use existing enclosure penetration locations

- Does not require fire-stopping and smoke dampers

- Easy to schedule installation
- Reduced risk of refrigerant leak in apartments

CONS

- Added maintenance costs due to individual unit filters

- Higher operating cost compared to centralized heat recovery VRF system

- Requires two penetrations through enclosure per unit without benefit of ventilation
- May not be adequately sized for common spaces

- May require electric resistance heating for winter design conditions
- Does not address ventilation needs



HVAC/DHW SYSTEMS: 

3. VRF w/Heat Recovery and wall hung FCUs + De-coupled ventilation 

+

Heating/Cooling Ventilation

PROS

- Lowest overall operating cost with heat recovery benefit

- Wall-mounting FCUs does not take away real estate in apartments

- Improved comfort with independent control of heating and cooling
- System can scale to heating/cooling load requirements

- Central maintenance (condensers, controls)
CONS

- Reduces roof space availability for solar array

- Limited space within building to mount branch controllers, may have to be installed on roof in purpose built 
semi-conditioned space

- Vertical chases for refrigerant lines may still require fire-stopping
- Externally run refrigerant lines will still require maintenance access

+



HVAC/DHW SYSTEMS: 

4. VRF WITHOUT Heat Recovery and wall hung FCUs + De-coupled ventilation 

+

Heating/Cooling Ventilation

PROS

- Lower cost compared to heat recovery VRF option

- Does not require branch controllers

- Wall-mounting FCUs does not take away real estate in apartments
- System can scale to heating/cooling load requirements

- Central maintenance (condensers, controls)
CONS

- Higher operating cost compared to heat recovery VRF option

- Reduces roof space availability for solar array
- Reduced comfort without independent control of heating and cooling

- Vertical chases for refrigerant lines may still require fire-stopping
- Externally run refrigerant lines will still require maintenance access

+



HVAC/DHW SYSTEMS: 

5. HEX, Condenser Loop, WSHP/Bulldog + De-coupled ventilation 

Ventilation

PROS

- Simultaneous heating and cooling with heat recovery

- Reduced refrigerant running through occupied space

- CUs can be located at grade in a central location to serve the entire building.
- May be less expensive than other central options as contractors are familiar with WSHPs, and two pipe 

hydronic systems
CONS

- Lower efficiency compared to VRF system

- Loss of real estate in apartments

+

Heating/Cooling



HVAC/DHW SYSTEMS: 

WUFI + SOLAR

MEETING THE PASSIVE HOUSE STANDARD

SITE ENERGY: 284,635 kWh/yr

SOLAR GENERATION: 179,228 kWh/yr

SITE EUI WITH SOLAR: 13 kBTU/sf/yr



HVAC/DHW SYSTEMS: 

WUFI + SOLAR

MEETING THE PASSIVE HOUSE STANDARD

SITE ENERGY: 284,635 kWh/yr

SOLAR GENERATION: 179,228 kWh/yr

SITE EUI WITH SOLAR: 13 kBTU/sf/yr



HVAC/DHW SYSTEMS: 

WUFI + SOLAR

MEETING THE PASSIVE HOUSE STANDARD

SITE EUI WITH SOLAR: 13 kBTU/sf/yr

BASELINE EUI:             150 kBTU/sf/yr

92% BETTER THAN BASELINE



PRICING:

Basis Of Design: 
1. Ephoca Vertical Stack
2. Panelized System: $60/sf installed

$13,641,000.00
$184/sf (GFA) 

$107,409.00 per unit

**
**

DRAFT O
NLY**

**



LESSONS LEARNED……so far

1. Most panelized manufacturers are very new to this space of Deep Exterior Energy Retrofits, 

so, many are not yet prepared for scaling up. 

2. Many panelized manufacturers are not vertically integrated between the factory and the site installation, and so we 
are getting a wide range of installation costs.  Need to work toward more vertically integrated solutions. 

3. Pipelines matter.  Several manufacturers became interested only when we could demonstrate to them that there 
was a pipeline of work which was at a scale that justified their R+D and attention. 

4. None of our projects have established budgets so we are designing these strategies in a vacuum.  This is not

sustainable. While each building is unique, with unique climates, unique labor costs, etc, we need to establish a 
range of baseline costs that can guide all Solution Providers, Building Owners and Manufacturers.  

5. Along with a lack of baseline budget information that has all DERs make sense financially, we also have no 
replicable strategy to finance these projects.  We need a replicable financing strategy for DERs.

6. Have not even begun to think about a Solution Provider offering a GUARANTEE on energy 

consumption/maintenance as was done with Energiesprong.  Need to understand how this could be possible.


