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ON THE MENU

1. Early work and Integrated Design Process
2. Interest in cost-effective Sustainability 

3. The New Gravity Project
4. Policy and Leverage Points

5. Developing a Guide to Multifamily Affordable PH
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MARKET FLATS, 1997
mixed use residential/retail



















CAPITAL FLATS, 1999:  8  “experiments in dwelling”















RAG FLATS 2006: 11 Units
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The Philadelphia “Trinity”











































































THIN FLATS, 2008: 9 units  1STLEED PLATINUM DUPLEXES IN THE USA































Opening Day, September 14, 2008







- Solar Thermal hot water
- Rainwater Cisterns
- Decoupled ERV
- Green roof
- High performance envelop 

(Closed-cell Spray foam in walls)
- 1.2 ACH50

















Ed Mazria, Greenbuild Philly 2013



Ed Mazria, Greenbuild Philly 2013



THE NEW GRAVITY 



Follow the Leaders, Berlin, Germany 2011, Isaac Cordal, popularly known as 
“Politicians discussing global warming”
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2015   United Nations Climate Conference, COP 21
PARIS, France

“…..FIRST year that over 200 countries signed the agreement in global solidarity”

“NZE/CARBON NEUTRAL BUILDINGS AS STANDARD PRACTICE BY 2050”
96



https://www.mcc-berlin.net/en/research/co2-budget.html

“NZE/CARBON NEUTRAL BUILDINGS AS STANDARD PRACTICE BY 2050”
97

https://www.mcc-berlin.net/en/research/co2-budget.html


Ed Mazria, New Gravity Conference, 202098



Ed Mazria, New Gravity Conference, 202099



RADICAL 

CARBON NEUTRAL BUILDINGS  by 2040

SCALABLE

18 YEARS!!!

100



CARBON NEUTRAL BUILDINGS  by 2040 

RADICAL 

BUILDINGS MUST GENERATE WHAT THEY NEED

ON THEIR OWN SITE WITH RENEWABLE ENERGY

18 YEARS!!!

101



16’

40’

1900 sf home
39,000 kWh/yr



71’

40’

1900 sf home
39,000 kWh/yr
2832 sf roof



4.5 kWh/sf/yr
8550 kWh/yr

615 sf roof

40’

16’
e
80% REDUCTION
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4.5 kWh/sf/yr
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4.5 kWh/sf/yr
8550 kWh/yr

615 sf roof

40’

16’
e
80% REDUCTION

“Fabric First” 
approach



TED, 2010:  FROM THE GROUND UP International Competition, Syracuse NY



Competition Requirements

$150,000 home
”Highly Sustainable”















R 19

R 34

U .32



R 19

R 34

U .32

WIMPY SHELL



R 39

R 59

U .16

PASSIVE HOUSE SHELL



.457 ACH50









STABLE FLATS  2015: 26 townhomes



















FINAL AIRFLOW .49 ACH 50



$367/m

APRIL 15, 2013 – APRIL 15, 2014 
 
 

   TFA        12 Months PV             COST  SITE ENERGY 

Address  m2  kWh  Total kWh NET $/Yr     kWh/m2/yr   
 

235   177  13,088  4172 8916 $1079   74   
George            

PH      8586          48    

            $90/month 

 
 
233   177  12,003  4741 7262 $1089   67   
George           PH    48  

            $90/month 
 

 

Typical Code 
Building

40,068 68% BETTER $4407

$90/m

$150.00 sf

* 12 Months of Measured Data



BELFIELD TOWNHOMES, 2006: 3 subsidized housing units





START: APRIL 20, 2012
CERTIFICATE OF OCCUPANCY: JULY 20, 2012

FIRST 
CERTIFIED
PASSIVE HOUSE 

IN 
PENNSYLVANIA

2013
HONOR
AWARD

RECIPIENT OF THE 

2014 INTERNATIONAL 

PASSIVE HOUSE AWARD

SECOND PLACE WINNER

2015 PHIUS AWARD

“AFFORDABLE HOUSING” 



Roof:   R52.3
Wall:    R33.6
Floor:     58.4 
Window:   .11
SHGC:      .63



0.6   ACH 50PASSIVE HOUSE MAX



















59 loads of laundry43 loads of laundry104 loads of laundry



59 loads of laundry43 loads of laundry104 loads of laundry

$107.00
For hot water and 

laundry alone

$21.00 $22.00



7
Passive House      15                     4.5 (36%)

13
Passive House      15                     4.5 (66%)

6
Passive House      15                     4.5 (25%)

kWh/sf/yr
* 12 Months of Measured Data

$32.00/MONTH

$93.00/MONTH

$41.00/MONTH





AFFORDABLE HOUSING
Why isn’t ALL 

Built to the PH standard?





MAKE ALL AFFORDABLE HOUSING 
NET-ZERO-ENERGY-CAPABLE BY 2030



QAP
Qualified Allocation Plan

9% Low Income House Tax Credit (LIHTC)



POINTS-BASED SYSTEM

Total points 120

Community and Economic Impact 30
- Underserved Areas
- Senior Occupancy Developments
- Preservation

Development Characteristics 25
- Smart Site Selection
- Enterprise Green Communities

Resident Population and Services 50
- Income and Rent Targeting
- Designated Populations and Supportive Services
- Accessible Units
- Large Families

Development Process 15
- Noncompliance
- Ability to Proceed

Development Cost Savings 10



POINTS-BASED SYSTEM

Total points 120

Community and Economic Impact 30
- Underserved Areas
- Senior Occupancy Developments
- Preservation

Development Characteristics 25
- Smart Site Selection
- Enterprise Green Communities
- PASSIVE HOUSE 10

Resident Population and Services 50
- Income and Rent Targeting
- Designated Populations and Supportive Services
- Accessible Units
- Large Families

Development Process 15
- Noncompliance
- Ability to Proceed

Development Cost Savings 10



38% applied as Passive House projects

7 PH projects Funded

2015
YEAR 1   A NATIONAL Net-Zero-Energy Initiative by 2030 



0 1 2 3 4+ 

SF-1 Franklin 5A 33 21 54 70,218        7,051,522        130,584       100
SF-2 Schuylkill 5A 3 9 5 17 21,151        2,238,725        131,690       106
SF-3 Philadelphia 4A 5 19 31 5 60 79,795        9,363,626        156,060       117
SF-4 Allegheny 5A 26 19 45 63,548        8,863,631        196,970       117
SF-5 Lycoming 5A 16 34 50 66,147        8,141,437        162,829       123
SF-6 Bradford 5A 10 24 16 50 62,956        7,964,823        159,296       127
SF-7 Centre 5A 20 20 40 53,652        7,523,233        188,081       140
SF-8 Lebanon 5A 46 16 62 84,168        11,742,459      189,395       140
SF-9 Bradford 5A 2 26 12 40 59,954        8,369,296        209,232       140
SF-10 Butler 5A 3 39 18 60 67,904        9,827,275        163,788       145
SF-11 Erie 5A 9 34 43 53,454        7,870,669        183,039       147
SF-12 Dauphin 5A 3 3 25 4 35 61,504        9,192,750        262,650       149
SF-13 Berks 5A 22 20 16 58 62,097        9,305,340        160,437       150
SF-14 Franklin 5A 7 25 24 56 77,469        11,791,991      210,571       152
SF-15 Luzerne 5A 26 15 15 56 56,250        8,968,491        160,152       159
SF-16 Union 5A 5 12 8 6 31 43,868        7,071,066        228,099       161
SF-17 Chester 4A 48 12 60 58,349        9,809,238        163,487       168
SF-18 Allegheny 5A 4 30 18 52 77,351        12,979,386      249,604       168
SF-19 Berks 5A 10 21 11 42 57,722        9,785,000        232,976       170
SF-20 Montgomery 4A 16 24 15 55 61,480        11,113,700      202,067       181
SF-21 Delaware 4A 8 34 14 56 65,790        12,184,074      217,573       185
SF-22 Philadelphia 4A 17 16 2 35 45,476        8,905,240        254,435       196
SF-23 Allegheny 5A 14 9 23 28,205        5,552,583        241,417       197
SF-24 Westmoreland 5A 28 8 36 43,872        8,331,567        231,432       245
SF-25 Philadelphia 4A 10 19 11 40 46,757        11,453,809      286,345       245

AR-1 Lehigh 5A 34 4 11 49 65,339        6,392,809        130,465 98
AR-2 Erie 5A 29 16 45 53,021        6,152,972        136,733 116
AR-3 Philadelphia 4A 12 54 66 77,975        9,751,707        147,753 125
AR-4 Allegheny 5A 2 49 4 55 65,577        9,514,764        172,996 145
AR-5 Delaware 4A 53 53 51,690        8,030,480        151,518 155
AR-6 Philadelphia 4A 44 44 49,406        8,361,579        190,036 169
AR-7 Montgomery 4A 33 3 7 43 55,832        9,468,816        220,205 170
AR-8 Philadelphia 4A 28 10 38 53,840        9,515,893        250,418 177
AR-9 Dauphin 5A 5 17 6 28 45,434        8,075,064        288,395 178
AR-10 Allegheny 5A 33 3 36 50,664        9,436,523        262,126 186
AR-11 Philadelphia 4A 46 46 56,478        10,795,027      234,675 191
AR-12 Philadelphia 4A 27 10 37 48,768        9,658,098        261,030 198
AR-13 Philadelphia 4A 30 21 51 62,509        13,609,683      266,857 218
AR-14 Washington 4A 17 7 24 35,299        7,856,113        327,338 223
AR-15 Philadelphia 4A 62 62 70,991        25,995,741      419,286 366

MS-1 Northumberland 5A 35 35 40,397        4,276,084        122,174 106
MS-2 Dauphin 5A 22 14 14 50 88,314        10,055,562      201,111 114
MS-3 Dauphin 5A 18 59 77 92,000        10,668,511      138,552 116
MS-4 Lancaster 5A 46 6 52 71,758        8,456,719        162,629 118
MS-5 Blair 5A 33 20 53 82,070        9,727,007        183,528 119
MS-6 Chester 4A 46 15 61 76,340        9,638,964        158,016 126
MS-7 Lancaster 5A 13 39 26 78 88,910        11,681,226      149,759 131
MS-8 Clearfield 6A 24 6 30 42,254        5,551,584        185,053 131
MS-9 Indiana 5A 40 40 36,743        4,898,995        122,475 133
MS-10 Bradford 5A 50 6 56 57,817        7,738,172        138,182 134
MS-11 Cambria 5A 32 11 43 44,887        6,341,616        147,479 141
MS-12 Dauphin 5A 38 16 54 58,335        8,201,250        151,875 141
MS-13 Mifflin 5A 30 4 34 39,447        5,559,187        163,506 141
MS-14 Fayette 5A 12 12 24 29,586        4,192,325        174,680 142
MS-15 Allegheny 5A 24 12 13 49 67,340        9,698,634        197,931 144
MS-16 Lackawanna 5A 44 4 48 49,460        7,159,738        149,161 145
MS-17 Lehigh 5A 54 7 61 63,949        9,318,159        152,757 146
MS-18 Centre 5A 37 11 48 57,959        8,490,644        176,888 146
MS-19 Chester 4A 41 3 5 49 54,287        8,007,477        163,418 148
MS-20 Fayette 5A 21 3 24 36,064        5,407,359        225,307 150
MS-21 Chester 4A 61 3 64 70,083        10,557,500      164,961 151
MS-22 Allegheny 5A 54 12 66 70,689        10,787,052      163,440 153
MS-23 Allegheny 5A 40 6 46 58,617        9,134,790        198,582 156
MS-24 Wayne 6A 36 4 40 40,959        6,460,530        161,513 158
MS-25 Centre 5A 12 12 16,796        2,683,900        223,658 160
MS-26 Beaver 5A 40 12 52 55,361        9,468,440        182,085 171
MS-27 Lancaster 5A 51 51 51,500        8,871,635        173,954 172
MS-28 Allegheny 5A 52 8 60 66,733        11,716,729      195,279 176
MS-29 Montgomery 4A 40 4 44 44,687        8,202,314        186,416 184
MS-30 Montgomery 4A 50 50 42,265        8,029,015        160,580 190
MS-31 Crawford 5A 36 4 40 38,953        7,490,675        187,267 192
MS-32 Philadelpia 4A 9 8 7 24 31,220        6,031,050        251,294 193
MS-33 Westmoreland 5A 47 47 49,080        9,825,224        209,047 200
MS-34 Philadelphia 4A 58 4 62 56,120        11,262,762      181,657 201
MS-35 Philadelphia 4A 60 60 57,672        11,915,227      198,587 207
MS-36 Philadelphia 4A 20 4 24 26,284        5,523,620        230,151 210
MS-37 Philadelphia 4A 34 11 45 42,523        8,964,723        199,216 211
MS-38 Philadelphia 4A 52 52 50,275        10,703,403      205,835 213
MS-39 Philadelphia 4A 39 11 50 53,416        11,371,112      227,422 213
MS-40 Philadelphia 4A 45 5 50 55,099        11,747,269      234,945 213
MS-41 Philadelphia 4A 24 24 24,284        5,194,462        216,436 214
MS-42 Philadelphia 4A 45 45 46,754        10,118,014      224,845 216
MS-43 Philadelphia 4A 53 53 50,312        10,900,733      205,674 217
MS-44 Philadelphia 4A 54 54 48,965        10,664,381      197,489 218
MS-45 Philadelphia 4A 88 88 79,650        18,005,791      204,611 226

Notes:
103 applications were received for 2015.  18 of these were were for the preservation of existing affordable housing.  

The remaining 85 projects are listed above.

    Indicates unsuccessful applications that committed to meeting Passive House requirements.

    Indicates applications that committed to meeting Passive House requirements and were awarded an 
                      allocation of resources from PHFA.

Construction costs shown are preliminary figures as listed in the application, based on schematic drawings and 
     subject to change as detailed drawings and specifications are developed.
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Construction Cost Summary from PHFA Applications
2015 Costs

Proj. No. County Climate 
Zone

Units (by BR Qty) Total 
Units  Bldg. Area Constr. $0 1 2 3 4+ 

SF-1 Franklin 5A 33 21 54 70,218        7,051,522        130,584       100
SF-2 Schuylkill 5A 3 9 5 17 21,151        2,238,725        131,690       106
SF-3 Philadelphia 4A 5 19 31 5 60 79,795        9,363,626        156,060       117
SF-4 Allegheny 5A 26 19 45 63,548        8,863,631        196,970       117
SF-5 Lycoming 5A 16 34 50 66,147        8,141,437        162,829       123
SF-6 Bradford 5A 10 24 16 50 62,956        7,964,823        159,296       127
SF-7 Centre 5A 20 20 40 53,652        7,523,233        188,081       140
SF-8 Lebanon 5A 46 16 62 84,168        11,742,459      189,395       140
SF-9 Bradford 5A 2 26 12 40 59,954        8,369,296        209,232       140
SF-10 Butler 5A 3 39 18 60 67,904        9,827,275        163,788       145
SF-11 Erie 5A 9 34 43 53,454        7,870,669        183,039       147
SF-12 Dauphin 5A 3 3 25 4 35 61,504        9,192,750        262,650       149
SF-13 Berks 5A 22 20 16 58 62,097        9,305,340        160,437       150
SF-14 Franklin 5A 7 25 24 56 77,469        11,791,991      210,571       152
SF-15 Luzerne 5A 26 15 15 56 56,250        8,968,491        160,152       159
SF-16 Union 5A 5 12 8 6 31 43,868        7,071,066        228,099       161
SF-17 Chester 4A 48 12 60 58,349        9,809,238        163,487       168
SF-18 Allegheny 5A 4 30 18 52 77,351        12,979,386      249,604       168
SF-19 Berks 5A 10 21 11 42 57,722        9,785,000        232,976       170
SF-20 Montgomery 4A 16 24 15 55 61,480        11,113,700      202,067       181
SF-21 Delaware 4A 8 34 14 56 65,790        12,184,074      217,573       185
SF-22 Philadelphia 4A 17 16 2 35 45,476        8,905,240        254,435       196
SF-23 Allegheny 5A 14 9 23 28,205        5,552,583        241,417       197
SF-24 Westmoreland 5A 28 8 36 43,872        8,331,567        231,432       245
SF-25 Philadelphia 4A 10 19 11 40 46,757        11,453,809      286,345       245

AR-1 Lehigh 5A 34 4 11 49 65,339        6,392,809        130,465 98
AR-2 Erie 5A 29 16 45 53,021        6,152,972        136,733 116
AR-3 Philadelphia 4A 12 54 66 77,975        9,751,707        147,753 125
AR-4 Allegheny 5A 2 49 4 55 65,577        9,514,764        172,996 145
AR-5 Delaware 4A 53 53 51,690        8,030,480        151,518 155
AR-6 Philadelphia 4A 44 44 49,406        8,361,579        190,036 169
AR-7 Montgomery 4A 33 3 7 43 55,832        9,468,816        220,205 170
AR-8 Philadelphia 4A 28 10 38 53,840        9,515,893        250,418 177
AR-9 Dauphin 5A 5 17 6 28 45,434        8,075,064        288,395 178
AR-10 Allegheny 5A 33 3 36 50,664        9,436,523        262,126 186
AR-11 Philadelphia 4A 46 46 56,478        10,795,027      234,675 191
AR-12 Philadelphia 4A 27 10 37 48,768        9,658,098        261,030 198
AR-13 Philadelphia 4A 30 21 51 62,509        13,609,683      266,857 218
AR-14 Washington 4A 17 7 24 35,299        7,856,113        327,338 223
AR-15 Philadelphia 4A 62 62 70,991        25,995,741      419,286 366

MS-1 Northumberland 5A 35 35 40,397        4,276,084        122,174 106
MS-2 Dauphin 5A 22 14 14 50 88,314        10,055,562      201,111 114
MS-3 Dauphin 5A 18 59 77 92,000        10,668,511      138,552 116
MS-4 Lancaster 5A 46 6 52 71,758        8,456,719        162,629 118
MS-5 Blair 5A 33 20 53 82,070        9,727,007        183,528 119
MS-6 Chester 4A 46 15 61 76,340        9,638,964        158,016 126
MS-7 Lancaster 5A 13 39 26 78 88,910        11,681,226      149,759 131
MS-8 Clearfield 6A 24 6 30 42,254        5,551,584        185,053 131
MS-9 Indiana 5A 40 40 36,743        4,898,995        122,475 133
MS-10 Bradford 5A 50 6 56 57,817        7,738,172        138,182 134
MS-11 Cambria 5A 32 11 43 44,887        6,341,616        147,479 141
MS-12 Dauphin 5A 38 16 54 58,335        8,201,250        151,875 141
MS-13 Mifflin 5A 30 4 34 39,447        5,559,187        163,506 141
MS-14 Fayette 5A 12 12 24 29,586        4,192,325        174,680 142
MS-15 Allegheny 5A 24 12 13 49 67,340        9,698,634        197,931 144
MS-16 Lackawanna 5A 44 4 48 49,460        7,159,738        149,161 145
MS-17 Lehigh 5A 54 7 61 63,949        9,318,159        152,757 146
MS-18 Centre 5A 37 11 48 57,959        8,490,644        176,888 146
MS-19 Chester 4A 41 3 5 49 54,287        8,007,477        163,418 148
MS-20 Fayette 5A 21 3 24 36,064        5,407,359        225,307 150
MS-21 Chester 4A 61 3 64 70,083        10,557,500      164,961 151
MS-22 Allegheny 5A 54 12 66 70,689        10,787,052      163,440 153
MS-23 Allegheny 5A 40 6 46 58,617        9,134,790        198,582 156
MS-24 Wayne 6A 36 4 40 40,959        6,460,530        161,513 158
MS-25 Centre 5A 12 12 16,796        2,683,900        223,658 160
MS-26 Beaver 5A 40 12 52 55,361        9,468,440        182,085 171
MS-27 Lancaster 5A 51 51 51,500        8,871,635        173,954 172
MS-28 Allegheny 5A 52 8 60 66,733        11,716,729      195,279 176
MS-29 Montgomery 4A 40 4 44 44,687        8,202,314        186,416 184
MS-30 Montgomery 4A 50 50 42,265        8,029,015        160,580 190
MS-31 Crawford 5A 36 4 40 38,953        7,490,675        187,267 192
MS-32 Philadelpia 4A 9 8 7 24 31,220        6,031,050        251,294 193
MS-33 Westmoreland 5A 47 47 49,080        9,825,224        209,047 200
MS-34 Philadelphia 4A 58 4 62 56,120        11,262,762      181,657 201
MS-35 Philadelphia 4A 60 60 57,672        11,915,227      198,587 207
MS-36 Philadelphia 4A 20 4 24 26,284        5,523,620        230,151 210
MS-37 Philadelphia 4A 34 11 45 42,523        8,964,723        199,216 211
MS-38 Philadelphia 4A 52 52 50,275        10,703,403      205,835 213
MS-39 Philadelphia 4A 39 11 50 53,416        11,371,112      227,422 213
MS-40 Philadelphia 4A 45 5 50 55,099        11,747,269      234,945 213
MS-41 Philadelphia 4A 24 24 24,284        5,194,462        216,436 214
MS-42 Philadelphia 4A 45 45 46,754        10,118,014      224,845 216
MS-43 Philadelphia 4A 53 53 50,312        10,900,733      205,674 217
MS-44 Philadelphia 4A 54 54 48,965        10,664,381      197,489 218
MS-45 Philadelphia 4A 88 88 79,650        18,005,791      204,611 226

Notes:
103 applications were received for 2015.  18 of these were were for the preservation of existing affordable housing.  

The remaining 85 projects are listed above.

    Indicates unsuccessful applications that committed to meeting Passive House requirements.

    Indicates applications that committed to meeting Passive House requirements and were awarded an 
                      allocation of resources from PHFA.

Construction costs shown are preliminary figures as listed in the application, based on schematic drawings and 
     subject to change as detailed drawings and specifications are developed.

M
ul

ti-
St

or
y 

/ E
le

va
to

r
 $ /Unit $/SF

Si
ng

le
 F

am
ily

 / 
To

w
nh

ou
se

A
da

pt
iv

e 
R

eu
se

Construction Cost Summary from PHFA Applications
2015 Costs

Proj. No. County Climate 
Zone

Units (by BR Qty) Total 
Units  Bldg. Area Constr. $

0 1 2 3 4+ 

SF-1 Franklin 5A 33 21 54 70,218        7,051,522        130,584       100
SF-2 Schuylkill 5A 3 9 5 17 21,151        2,238,725        131,690       106
SF-3 Philadelphia 4A 5 19 31 5 60 79,795        9,363,626        156,060       117
SF-4 Allegheny 5A 26 19 45 63,548        8,863,631        196,970       117
SF-5 Lycoming 5A 16 34 50 66,147        8,141,437        162,829       123
SF-6 Bradford 5A 10 24 16 50 62,956        7,964,823        159,296       127
SF-7 Centre 5A 20 20 40 53,652        7,523,233        188,081       140
SF-8 Lebanon 5A 46 16 62 84,168        11,742,459      189,395       140
SF-9 Bradford 5A 2 26 12 40 59,954        8,369,296        209,232       140
SF-10 Butler 5A 3 39 18 60 67,904        9,827,275        163,788       145
SF-11 Erie 5A 9 34 43 53,454        7,870,669        183,039       147
SF-12 Dauphin 5A 3 3 25 4 35 61,504        9,192,750        262,650       149
SF-13 Berks 5A 22 20 16 58 62,097        9,305,340        160,437       150
SF-14 Franklin 5A 7 25 24 56 77,469        11,791,991      210,571       152
SF-15 Luzerne 5A 26 15 15 56 56,250        8,968,491        160,152       159
SF-16 Union 5A 5 12 8 6 31 43,868        7,071,066        228,099       161
SF-17 Chester 4A 48 12 60 58,349        9,809,238        163,487       168
SF-18 Allegheny 5A 4 30 18 52 77,351        12,979,386      249,604       168
SF-19 Berks 5A 10 21 11 42 57,722        9,785,000        232,976       170
SF-20 Montgomery 4A 16 24 15 55 61,480        11,113,700      202,067       181
SF-21 Delaware 4A 8 34 14 56 65,790        12,184,074      217,573       185
SF-22 Philadelphia 4A 17 16 2 35 45,476        8,905,240        254,435       196
SF-23 Allegheny 5A 14 9 23 28,205        5,552,583        241,417       197
SF-24 Westmoreland 5A 28 8 36 43,872        8,331,567        231,432       245
SF-25 Philadelphia 4A 10 19 11 40 46,757        11,453,809      286,345       245

AR-1 Lehigh 5A 34 4 11 49 65,339        6,392,809        130,465 98
AR-2 Erie 5A 29 16 45 53,021        6,152,972        136,733 116
AR-3 Philadelphia 4A 12 54 66 77,975        9,751,707        147,753 125
AR-4 Allegheny 5A 2 49 4 55 65,577        9,514,764        172,996 145
AR-5 Delaware 4A 53 53 51,690        8,030,480        151,518 155
AR-6 Philadelphia 4A 44 44 49,406        8,361,579        190,036 169
AR-7 Montgomery 4A 33 3 7 43 55,832        9,468,816        220,205 170
AR-8 Philadelphia 4A 28 10 38 53,840        9,515,893        250,418 177
AR-9 Dauphin 5A 5 17 6 28 45,434        8,075,064        288,395 178
AR-10 Allegheny 5A 33 3 36 50,664        9,436,523        262,126 186
AR-11 Philadelphia 4A 46 46 56,478        10,795,027      234,675 191
AR-12 Philadelphia 4A 27 10 37 48,768        9,658,098        261,030 198
AR-13 Philadelphia 4A 30 21 51 62,509        13,609,683      266,857 218
AR-14 Washington 4A 17 7 24 35,299        7,856,113        327,338 223
AR-15 Philadelphia 4A 62 62 70,991        25,995,741      419,286 366

MS-1 Northumberland 5A 35 35 40,397        4,276,084        122,174 106
MS-2 Dauphin 5A 22 14 14 50 88,314        10,055,562      201,111 114
MS-3 Dauphin 5A 18 59 77 92,000        10,668,511      138,552 116
MS-4 Lancaster 5A 46 6 52 71,758        8,456,719        162,629 118
MS-5 Blair 5A 33 20 53 82,070        9,727,007        183,528 119
MS-6 Chester 4A 46 15 61 76,340        9,638,964        158,016 126
MS-7 Lancaster 5A 13 39 26 78 88,910        11,681,226      149,759 131
MS-8 Clearfield 6A 24 6 30 42,254        5,551,584        185,053 131
MS-9 Indiana 5A 40 40 36,743        4,898,995        122,475 133
MS-10 Bradford 5A 50 6 56 57,817        7,738,172        138,182 134
MS-11 Cambria 5A 32 11 43 44,887        6,341,616        147,479 141
MS-12 Dauphin 5A 38 16 54 58,335        8,201,250        151,875 141
MS-13 Mifflin 5A 30 4 34 39,447        5,559,187        163,506 141
MS-14 Fayette 5A 12 12 24 29,586        4,192,325        174,680 142
MS-15 Allegheny 5A 24 12 13 49 67,340        9,698,634        197,931 144
MS-16 Lackawanna 5A 44 4 48 49,460        7,159,738        149,161 145
MS-17 Lehigh 5A 54 7 61 63,949        9,318,159        152,757 146
MS-18 Centre 5A 37 11 48 57,959        8,490,644        176,888 146
MS-19 Chester 4A 41 3 5 49 54,287        8,007,477        163,418 148
MS-20 Fayette 5A 21 3 24 36,064        5,407,359        225,307 150
MS-21 Chester 4A 61 3 64 70,083        10,557,500      164,961 151
MS-22 Allegheny 5A 54 12 66 70,689        10,787,052      163,440 153
MS-23 Allegheny 5A 40 6 46 58,617        9,134,790        198,582 156
MS-24 Wayne 6A 36 4 40 40,959        6,460,530        161,513 158
MS-25 Centre 5A 12 12 16,796        2,683,900        223,658 160
MS-26 Beaver 5A 40 12 52 55,361        9,468,440        182,085 171
MS-27 Lancaster 5A 51 51 51,500        8,871,635        173,954 172
MS-28 Allegheny 5A 52 8 60 66,733        11,716,729      195,279 176
MS-29 Montgomery 4A 40 4 44 44,687        8,202,314        186,416 184
MS-30 Montgomery 4A 50 50 42,265        8,029,015        160,580 190
MS-31 Crawford 5A 36 4 40 38,953        7,490,675        187,267 192
MS-32 Philadelpia 4A 9 8 7 24 31,220        6,031,050        251,294 193
MS-33 Westmoreland 5A 47 47 49,080        9,825,224        209,047 200
MS-34 Philadelphia 4A 58 4 62 56,120        11,262,762      181,657 201
MS-35 Philadelphia 4A 60 60 57,672        11,915,227      198,587 207
MS-36 Philadelphia 4A 20 4 24 26,284        5,523,620        230,151 210
MS-37 Philadelphia 4A 34 11 45 42,523        8,964,723        199,216 211
MS-38 Philadelphia 4A 52 52 50,275        10,703,403      205,835 213
MS-39 Philadelphia 4A 39 11 50 53,416        11,371,112      227,422 213
MS-40 Philadelphia 4A 45 5 50 55,099        11,747,269      234,945 213
MS-41 Philadelphia 4A 24 24 24,284        5,194,462        216,436 214
MS-42 Philadelphia 4A 45 45 46,754        10,118,014      224,845 216
MS-43 Philadelphia 4A 53 53 50,312        10,900,733      205,674 217
MS-44 Philadelphia 4A 54 54 48,965        10,664,381      197,489 218
MS-45 Philadelphia 4A 88 88 79,650        18,005,791      204,611 226

Notes:
103 applications were received for 2015.  18 of these were were for the preservation of existing affordable housing.  

The remaining 85 projects are listed above.

    Indicates unsuccessful applications that committed to meeting Passive House requirements.

    Indicates applications that committed to meeting Passive House requirements and were awarded an 
                      allocation of resources from PHFA.

Construction costs shown are preliminary figures as listed in the application, based on schematic drawings and 
     subject to change as detailed drawings and specifications are developed.
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Construction Cost Summary from PHFA Applications
2015 Costs

Proj. No. County Climate 
Zone

Units (by BR Qty) Total 
Units  Bldg. Area Constr. $



©"Onion"Flats"2016."Prepared"by"NK"Architects"



“PASSIVE HOUSE points” introduced to PHFA 2015 QAP

85 Multi-family project applications were received

39 projects awarded funding

38% applied as Passive House projects

7 Passive House Projects COMPLETED

Washington Square 
Townhomes
Chambersburg, Pa
54 Units

Hillcrest
Pittsburgh, PA
65 Units

St, John Nueman
Phila, PA
52 Units

Wynne
Phila, PA
51 Units

Sacred Heart
Allentown, PA
61 Units

WhiteHall
Spring City, PA
49 Units

Mann Edge
Lewistown, Pa
34 Units



Proj. No. Total 
Units

Residt'l Bldg. 
Area

$/SF @ 
Applic     

$/SF @                  
Cost Cert % Change     

2015-443 51 62,509 218$              186$                -15%
2015-431 52 43,868 296$              287$                -3%
2015-436 23 28,205 197$              193$                -2%
2015-608 40 40,959 158$              157$                -1%
2015-810 35 61,504 149$              149$                -1%
2015-419 28 45,434 178$              178$                0%
2015-809 37 48,768 198$              199$                1%
2015-612 31 43,868 161$              162$                1%
2015-804 88 79,650 226$              228$                1%
2015-416 66 70,689 153$              155$                2%
2015-466 40 53,652 140$              144$                3%
2015-619 34 39,447 141$              145$                3%
2015-806 49 54,287 148$              151$                3%
2015-445 50 55,099 220$              226$                3%
2015-439 53 51,690 155$              163$                5%
2015-448 44 49,406 169$              177$                5%
2015-449 61 63,949 149$              157$                5%
2015-616 24 36,064 150$              160$                7%
2015-620 53 82,070 119$              129$                8%
2015-807 43 55,832 170$              185$                9%
2015-614 45 53,021 116$              128$                10%
2015-440 52 50,275 213$              233$                10%
2015-415 56 56,250 159$              176$                10%
2015-610 54 70,218 100$              111$                11%
2015-467 45 63,548 139$              154$                11%
2015-459 12 16,796 160$              181$                13%

Construction Cost Change from Application to 
Construction Completion

Completion
$176 SF
3% Higher

Application
$171 SF

Completion
$168 SF
4% Higher

Application
$161 SF

NON-PASSIVE HOUSE

PASSIVE HOUSE

*NOTE 3-5% Contingency added to 
budgets after application 



“PASSIVE HOUSE points” introduced to PHFA 2015 QAP

85 Multi-family project applications were received

42% applied as Passive House projects

39 projects awarded funding

7 Passive House Projects awarded funding

422 new Passive House/Net-Zero-Energy-Capable units in PA

10 PH projects Funded 
10 PH projects awarded                  Average = $167/sf
33 NON-PH projects awarded      Average = $168/sf

A NATIONAL Net-Zero-Energy Initiative by 2030 

YEAR 2 
2016



“PASSIVE HOUSE points” introduced to PHFA 2015 QAP

85 Multi-family project applications were received

39 projects awarded funding

38% applied as Passive House projects

8 Passive House Projects awarded funding

422 new Passive House/Net-Zero-Energy-Capable units in PA

$COST$ “Negligibly different” from NON-PH projects

OCT 2014

FEB 2015

JUNE 2015

0 1 2 3 4+
SF-01 Dauphin 5A 14 16 15 15 60 99,625             10,419,031 173,651 105

SF-02 Lebanon 5A 9 32 14 55 78,627             8,446,000 153,564 107

SF-03 Lycoming 5A 20 40 60 82,730             9,436,382 157,273 114

SF-04 Columbia 5A 7 17 24 48,499             5,669,777 236,241 117

SF-05 Philadelphia 4A 5 19 31 5 60 79,795             9,739,093 162,318 122

SF-06 Wyoming 5A 30 12 42 72,100             9,168,380 218,295 127

SF-07 Erie 5A 8 20 18 46 85,819             10,964,900 238,367 128

SF-08 Lancaster 5A 6 33 21 60 78,825             10,259,118 170,985 130

SF-09 Cumberland 5A 18 34 52 75,275             9,921,606 190,800 132

SF-10 Centre 5A 6 24 18 48 75,737             10,193,457 212,364 135

SF-11 Lehigh 5A 19 27 16 62 71,254             9,631,860 155,353 135

SF-12 Lancaster 5A 41 79 18 138 154,370           21,137,388 153,169 137

SF-13 Erie 5A 9 31 40 53,454             7,870,669 196,767 147

SF-14 Montgomery 4A 19 29 48 59,976             8,858,000 184,542 148

SF-15 Lebanon 5A 49 13 62 82,974             12,349,192 199,181 149

SF-16 Cumberland 5A 10 30 10 50 72,707             10,865,524 217,310 149

SF-17 Schuylkill 5A 1 11 5 17 21,544             3,225,548 189,738 150

SF-18 Berks 5A 10 21 11 42 57,722             8,755,000 208,452 152

SF-19 Berks 5A 22 20 16 58 62,097             9,440,383 162,765 152

SF-20 Franklin 5A 6 21 21 48 66,583             10,404,256 216,755 156

SF-21 Lehigh 5A 9 15 20 4 48 53,333             8,377,963 174,541 157

SF-22 Chester 4A 19 18 11 48 58,541             9,248,927 192,686 158

SF-23 Cumberland 5A 5 22 8 35 44,186             7,656,200 218,749 173

SF-24 Montgomery 4A 8 21 15 6 50 65,907             11,589,411 231,788 176

SF-25 Allegheny 5A 35 16 14 65 87,255             15,376,648 236,564 176

SF-26 Delaware 4A 8 34 14 56 65,212             11,914,849 212,765 183

SF-27 Philadelphia 4A 17 16 2 35 45,476             9,441,620 269,761 208

SF-28 Armstrong 5A 24 24 28,812             6,017,450 250,727 209

SF-29 Philadelphia 4A 28 14 42 47,964             10,022,268 238,625 209

SF-30 Philadelphia 4A 11 10 11 32 31,619             6,732,433 210,389 213

SF-31 Philadelphia 4A 8 19 24 4 55 66,383             19,011,723 345,668 286

SF-32 Philadelphia 4A 45 45 23,302             7,408,602 164,636 318

MS-01 Berks 5A 40 20 60 62,149             7,432,636 123,877 120 Notes:
MS-02 Tioga 6A 34 6 40 48,735             5,999,734 149,993 123

MS-03 Dauphin 5A 35 2 37 43,964             5,421,065 146,515 123 109 applications were received in 2016.
MS-04 Bradford 5A 38 12 6 56 63,768             8,446,000 150,821 132

MS-05 Lancaster 5A 46 6 52 92,370             12,565,629 241,647 136 15 of these were for the preservation
MS-06 Fayette 5A 12 12 24 28,904             3,942,323 164,263 136 of existing affordable housing, with a 
MS-07 Cambria 5A 32 11 43 49,491             6,879,001 159,977 139 limited scope of work that would not
MS-08 Clearfield 6A 24 6 30 41,915             5,855,263 195,175 140 meet Passive House standards.
MS-09 Chester 4A 56 3 59 64,180             9,033,100 153,103 141

MS-10 Centre 5A 16 34 50 60,912             8,666,068 173,321 142 The remaining 94 projects are listed
MS-11 Clinton 5A 28 4 32 37,454             5,333,806 166,681 142 here.
MS-12 Allegheny 5A 24 12 13 49 67,340             9,698,634 197,931 144

MS-13 Luzerne 5A 32 3 35 44,543             6,503,636 185,818 146 The construction costs shown are 
MS-14 Dauphin 5A 20 20 19,157             2,803,860 140,193 146 preliminary figures as listed in the
MS-15 Butler 5A 68 68 66,845             9,821,302 144,431 147 application, based on schematic 
MS-16 Westmoreland 5A 15 13 8 36 46,095             6,855,424 190,428 149 drawings and specs, and subject to
MS-17 Lackawanna 5A 12 12 8 4 36 50,019             7,560,000 210,000 151 change as detailed drawings and 
MS-18 Northumberland 5A 32 32 38,240             5,789,694 180,928 151 specifications are developed.
MS-19 Centre 5A 37 11 48 57,959             8,781,136 182,940 152

MS-20 Lackawanna 5A 44 4 48 49,460             7,493,999 156,125 152 27 of the 94 projects (29%) certified
MS-21 Allegheny 5A 30 34 64 69,605             10,837,117 169,330 156 that they would meet Passive House
MS-22 Dauphin 5A 43 11 54 51,319             8,411,465 155,768 164 standards.
MS-23 Montgomery 4A 60 60 58,681             9,643,959 160,733 164

MS-24 Adams 5A 39 4 43 50,532             8,515,443 198,034 169 39 applications were awarded 
MS-25 Clarion 5A 48 48 53,668             9,090,720 189,390 169 resources from PHFA.  Of these, 6 were
MS-26 Allegheny 5A 40 6 46 56,969             10,124,143 220,090 178 preservation applications.  Of the 
MS-27 Allegheny 5A 28 8 36 42,500             7,582,274 210,619 178 remaining 33 successful applications,
MS-28 Chester 4A 47 13 60 61,551             10,982,435 183,041 178 10 were Passive House projects (30%).
MS-29 Delaware 4A 38 3 41 47,797             8,539,207 208,273 179 This represents 507 Passive House 
MS-30 Allegheny 5A 52 8 60 63,861             11,647,354 194,123 182 dwelling units.
MS-31 Philadelphia 4A 37 44 81 93,000             17,635,125 217,718 190

MS-32 Crawford 5A 36 4 40 38,953             7,552,475 188,812 194

MS-33 Westmoreland 5A 47 47 49,080             9,801,657 208,546 200

MS-34 Bucks 4A 56 10 66 61,576             12,448,922 188,620 202

MS-35 Lycoming 5A 23 11 34 35,437             7,169,151 210,857 202 Indicates unsuccessful Passive
MS-36 Philadelphia 4A 61 61 60,137             12,416,322 203,546 206 House applications
MS-37 Bradford 5A 40 10 50 56,580             11,852,026 237,041 209

MS-38 Philadelphia 4A 58 4 62 57,653             12,079,768 194,835 210 Indicates successful Passive
MS-39 Philadelphia 4A 52 52 46,619             9,903,739 190,457 212 House applications
MS-40 Philadelphia 4A 60 60 56,672             12,174,301 202,905 215

MS-41 Philadelphia 4A 45 45 48,351             10,464,750 232,550 216

MS-42 Montgomery 4A 50 50 42,265             9,236,729 184,735 219 Projects are arranged by cost per 
MS-43 Allegheny 5A 29 4 33 37,592             8,284,054 251,032 220 square foot for each building type.
MS-44 Philadelphia 4A 46 4 50 46,640             10,701,164 214,023 229

MS-45 Philadelphia 4A 53 53 50,312             11,711,200 220,966 233

MS-46 Philadelphia 4A 34 11 45 42,520             10,560,747 234,683 248

MS-47 Philadelphia 4A 24 24 24,284             6,040,593 251,691 249

MS-48 Philadelphia 4A 60 60 65,340             17,249,402 287,490 264

MS-49 Luzerne 5A 36 36 27,296             7,653,000 212,583 280

MS-50 Philadelphia 4A 48 48 46,000             12,915,822 269,080 281

AR-01 Monroe 5A 36 4 40 54,215             5,753,672 143,842 106

AR-02 Luzerne 5A 6 54 2 62 88,489             9,900,711 159,689 112

AR-03 Philadelphia 4A 12 54 66 77,978             10,123,117 153,381 130

AR-04 Allegheny 5A 33 8 41 70,409             9,181,888 223,948 130

AR-05 Butler 5A 44 18 62 73,114             10,046,992 162,048 137

AR-06 Washington 5A 24 24 41,046             6,169,663 257,069 150

AR-07 Allegheny 5A 2 49 4 55 65,190             10,592,039 192,583 162

AR-08 Delaware 4A 50 50 50,548             8,727,828 174,557 173

AR-09 Philadelphia 4A 60 60 65,041             11,803,992 196,733 181

AR-10 Philadelphia 4A 74 74 93,285             20,223,060 273,285 217

AR-11 Philadelphia 4A 20 37 57 63,960             14,005,881 245,717 219

AR-12 Perry 5A 28 3 31 36,152             8,548,665 275,763 236

Construction Cost Summary for PHFA 2016 Applications
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Units by BR Qty
$ / SF$ / Unit

Resid. 
Constr. $

Total 
Units

Climate 
Zone

CountyProj. No.
Resid. Bldg. 

Area

0 1 2 3 4+
SF-01 Dauphin 5A 14 16 15 15 60 99,625             10,419,031 173,651 105

SF-02 Lebanon 5A 9 32 14 55 78,627             8,446,000 153,564 107

SF-03 Lycoming 5A 20 40 60 82,730             9,436,382 157,273 114

SF-04 Columbia 5A 7 17 24 48,499             5,669,777 236,241 117

SF-05 Philadelphia 4A 5 19 31 5 60 79,795             9,739,093 162,318 122

SF-06 Wyoming 5A 30 12 42 72,100             9,168,380 218,295 127

SF-07 Erie 5A 8 20 18 46 85,819             10,964,900 238,367 128

SF-08 Lancaster 5A 6 33 21 60 78,825             10,259,118 170,985 130

SF-09 Cumberland 5A 18 34 52 75,275             9,921,606 190,800 132

SF-10 Centre 5A 6 24 18 48 75,737             10,193,457 212,364 135

SF-11 Lehigh 5A 19 27 16 62 71,254             9,631,860 155,353 135

SF-12 Lancaster 5A 41 79 18 138 154,370           21,137,388 153,169 137

SF-13 Erie 5A 9 31 40 53,454             7,870,669 196,767 147

SF-14 Montgomery 4A 19 29 48 59,976             8,858,000 184,542 148

SF-15 Lebanon 5A 49 13 62 82,974             12,349,192 199,181 149

SF-16 Cumberland 5A 10 30 10 50 72,707             10,865,524 217,310 149

SF-17 Schuylkill 5A 1 11 5 17 21,544             3,225,548 189,738 150

SF-18 Berks 5A 10 21 11 42 57,722             8,755,000 208,452 152

SF-19 Berks 5A 22 20 16 58 62,097             9,440,383 162,765 152

SF-20 Franklin 5A 6 21 21 48 66,583             10,404,256 216,755 156

SF-21 Lehigh 5A 9 15 20 4 48 53,333             8,377,963 174,541 157

SF-22 Chester 4A 19 18 11 48 58,541             9,248,927 192,686 158

SF-23 Cumberland 5A 5 22 8 35 44,186             7,656,200 218,749 173

SF-24 Montgomery 4A 8 21 15 6 50 65,907             11,589,411 231,788 176

SF-25 Allegheny 5A 35 16 14 65 87,255             15,376,648 236,564 176

SF-26 Delaware 4A 8 34 14 56 65,212             11,914,849 212,765 183

SF-27 Philadelphia 4A 17 16 2 35 45,476             9,441,620 269,761 208

SF-28 Armstrong 5A 24 24 28,812             6,017,450 250,727 209

SF-29 Philadelphia 4A 28 14 42 47,964             10,022,268 238,625 209

SF-30 Philadelphia 4A 11 10 11 32 31,619             6,732,433 210,389 213

SF-31 Philadelphia 4A 8 19 24 4 55 66,383             19,011,723 345,668 286

SF-32 Philadelphia 4A 45 45 23,302             7,408,602 164,636 318

MS-01 Berks 5A 40 20 60 62,149             7,432,636 123,877 120 Notes:
MS-02 Tioga 6A 34 6 40 48,735             5,999,734 149,993 123

MS-03 Dauphin 5A 35 2 37 43,964             5,421,065 146,515 123 109 applications were received in 2016.
MS-04 Bradford 5A 38 12 6 56 63,768             8,446,000 150,821 132

MS-05 Lancaster 5A 46 6 52 92,370             12,565,629 241,647 136 15 of these were for the preservation
MS-06 Fayette 5A 12 12 24 28,904             3,942,323 164,263 136 of existing affordable housing, with a 
MS-07 Cambria 5A 32 11 43 49,491             6,879,001 159,977 139 limited scope of work that would not
MS-08 Clearfield 6A 24 6 30 41,915             5,855,263 195,175 140 meet Passive House standards.
MS-09 Chester 4A 56 3 59 64,180             9,033,100 153,103 141

MS-10 Centre 5A 16 34 50 60,912             8,666,068 173,321 142 The remaining 94 projects are listed
MS-11 Clinton 5A 28 4 32 37,454             5,333,806 166,681 142 here.
MS-12 Allegheny 5A 24 12 13 49 67,340             9,698,634 197,931 144

MS-13 Luzerne 5A 32 3 35 44,543             6,503,636 185,818 146 The construction costs shown are 
MS-14 Dauphin 5A 20 20 19,157             2,803,860 140,193 146 preliminary figures as listed in the
MS-15 Butler 5A 68 68 66,845             9,821,302 144,431 147 application, based on schematic 
MS-16 Westmoreland 5A 15 13 8 36 46,095             6,855,424 190,428 149 drawings and specs, and subject to
MS-17 Lackawanna 5A 12 12 8 4 36 50,019             7,560,000 210,000 151 change as detailed drawings and 
MS-18 Northumberland 5A 32 32 38,240             5,789,694 180,928 151 specifications are developed.
MS-19 Centre 5A 37 11 48 57,959             8,781,136 182,940 152

MS-20 Lackawanna 5A 44 4 48 49,460             7,493,999 156,125 152 27 of the 94 projects (29%) certified
MS-21 Allegheny 5A 30 34 64 69,605             10,837,117 169,330 156 that they would meet Passive House
MS-22 Dauphin 5A 43 11 54 51,319             8,411,465 155,768 164 standards.
MS-23 Montgomery 4A 60 60 58,681             9,643,959 160,733 164

MS-24 Adams 5A 39 4 43 50,532             8,515,443 198,034 169 39 applications were awarded 
MS-25 Clarion 5A 48 48 53,668             9,090,720 189,390 169 resources from PHFA.  Of these, 6 were
MS-26 Allegheny 5A 40 6 46 56,969             10,124,143 220,090 178 preservation applications.  Of the 
MS-27 Allegheny 5A 28 8 36 42,500             7,582,274 210,619 178 remaining 33 successful applications,
MS-28 Chester 4A 47 13 60 61,551             10,982,435 183,041 178 10 were Passive House projects (30%).
MS-29 Delaware 4A 38 3 41 47,797             8,539,207 208,273 179 This represents 507 Passive House 
MS-30 Allegheny 5A 52 8 60 63,861             11,647,354 194,123 182 dwelling units.
MS-31 Philadelphia 4A 37 44 81 93,000             17,635,125 217,718 190

MS-32 Crawford 5A 36 4 40 38,953             7,552,475 188,812 194

MS-33 Westmoreland 5A 47 47 49,080             9,801,657 208,546 200

MS-34 Bucks 4A 56 10 66 61,576             12,448,922 188,620 202

MS-35 Lycoming 5A 23 11 34 35,437             7,169,151 210,857 202 Indicates unsuccessful Passive
MS-36 Philadelphia 4A 61 61 60,137             12,416,322 203,546 206 House applications
MS-37 Bradford 5A 40 10 50 56,580             11,852,026 237,041 209

MS-38 Philadelphia 4A 58 4 62 57,653             12,079,768 194,835 210 Indicates successful Passive
MS-39 Philadelphia 4A 52 52 46,619             9,903,739 190,457 212 House applications
MS-40 Philadelphia 4A 60 60 56,672             12,174,301 202,905 215

MS-41 Philadelphia 4A 45 45 48,351             10,464,750 232,550 216

MS-42 Montgomery 4A 50 50 42,265             9,236,729 184,735 219 Projects are arranged by cost per 
MS-43 Allegheny 5A 29 4 33 37,592             8,284,054 251,032 220 square foot for each building type.
MS-44 Philadelphia 4A 46 4 50 46,640             10,701,164 214,023 229

MS-45 Philadelphia 4A 53 53 50,312             11,711,200 220,966 233

MS-46 Philadelphia 4A 34 11 45 42,520             10,560,747 234,683 248

MS-47 Philadelphia 4A 24 24 24,284             6,040,593 251,691 249

MS-48 Philadelphia 4A 60 60 65,340             17,249,402 287,490 264

MS-49 Luzerne 5A 36 36 27,296             7,653,000 212,583 280

MS-50 Philadelphia 4A 48 48 46,000             12,915,822 269,080 281

AR-01 Monroe 5A 36 4 40 54,215             5,753,672 143,842 106

AR-02 Luzerne 5A 6 54 2 62 88,489             9,900,711 159,689 112

AR-03 Philadelphia 4A 12 54 66 77,978             10,123,117 153,381 130

AR-04 Allegheny 5A 33 8 41 70,409             9,181,888 223,948 130

AR-05 Butler 5A 44 18 62 73,114             10,046,992 162,048 137

AR-06 Washington 5A 24 24 41,046             6,169,663 257,069 150

AR-07 Allegheny 5A 2 49 4 55 65,190             10,592,039 192,583 162

AR-08 Delaware 4A 50 50 50,548             8,727,828 174,557 173

AR-09 Philadelphia 4A 60 60 65,041             11,803,992 196,733 181

AR-10 Philadelphia 4A 74 74 93,285             20,223,060 273,285 217

AR-11 Philadelphia 4A 20 37 57 63,960             14,005,881 245,717 219

AR-12 Perry 5A 28 3 31 36,152             8,548,665 275,763 236

Construction Cost Summary for PHFA 2016 Applications
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Units by BR Qty
$ / SF$ / Unit

Resid. 
Constr. $

Total 
Units

Climate 
Zone

CountyProj. No.
Resid. Bldg. 

Area

0 1 2 3 4+
SF-01 Dauphin 5A 14 16 15 15 60 99,625             10,419,031 173,651 105

SF-02 Lebanon 5A 9 32 14 55 78,627             8,446,000 153,564 107

SF-03 Lycoming 5A 20 40 60 82,730             9,436,382 157,273 114

SF-04 Columbia 5A 7 17 24 48,499             5,669,777 236,241 117

SF-05 Philadelphia 4A 5 19 31 5 60 79,795             9,739,093 162,318 122

SF-06 Wyoming 5A 30 12 42 72,100             9,168,380 218,295 127

SF-07 Erie 5A 8 20 18 46 85,819             10,964,900 238,367 128

SF-08 Lancaster 5A 6 33 21 60 78,825             10,259,118 170,985 130

SF-09 Cumberland 5A 18 34 52 75,275             9,921,606 190,800 132

SF-10 Centre 5A 6 24 18 48 75,737             10,193,457 212,364 135

SF-11 Lehigh 5A 19 27 16 62 71,254             9,631,860 155,353 135

SF-12 Lancaster 5A 41 79 18 138 154,370           21,137,388 153,169 137

SF-13 Erie 5A 9 31 40 53,454             7,870,669 196,767 147

SF-14 Montgomery 4A 19 29 48 59,976             8,858,000 184,542 148

SF-15 Lebanon 5A 49 13 62 82,974             12,349,192 199,181 149

SF-16 Cumberland 5A 10 30 10 50 72,707             10,865,524 217,310 149

SF-17 Schuylkill 5A 1 11 5 17 21,544             3,225,548 189,738 150

SF-18 Berks 5A 10 21 11 42 57,722             8,755,000 208,452 152

SF-19 Berks 5A 22 20 16 58 62,097             9,440,383 162,765 152

SF-20 Franklin 5A 6 21 21 48 66,583             10,404,256 216,755 156

SF-21 Lehigh 5A 9 15 20 4 48 53,333             8,377,963 174,541 157

SF-22 Chester 4A 19 18 11 48 58,541             9,248,927 192,686 158

SF-23 Cumberland 5A 5 22 8 35 44,186             7,656,200 218,749 173

SF-24 Montgomery 4A 8 21 15 6 50 65,907             11,589,411 231,788 176

SF-25 Allegheny 5A 35 16 14 65 87,255             15,376,648 236,564 176

SF-26 Delaware 4A 8 34 14 56 65,212             11,914,849 212,765 183

SF-27 Philadelphia 4A 17 16 2 35 45,476             9,441,620 269,761 208

SF-28 Armstrong 5A 24 24 28,812             6,017,450 250,727 209

SF-29 Philadelphia 4A 28 14 42 47,964             10,022,268 238,625 209

SF-30 Philadelphia 4A 11 10 11 32 31,619             6,732,433 210,389 213

SF-31 Philadelphia 4A 8 19 24 4 55 66,383             19,011,723 345,668 286

SF-32 Philadelphia 4A 45 45 23,302             7,408,602 164,636 318

MS-01 Berks 5A 40 20 60 62,149             7,432,636 123,877 120 Notes:
MS-02 Tioga 6A 34 6 40 48,735             5,999,734 149,993 123

MS-03 Dauphin 5A 35 2 37 43,964             5,421,065 146,515 123 109 applications were received in 2016.
MS-04 Bradford 5A 38 12 6 56 63,768             8,446,000 150,821 132

MS-05 Lancaster 5A 46 6 52 92,370             12,565,629 241,647 136 15 of these were for the preservation
MS-06 Fayette 5A 12 12 24 28,904             3,942,323 164,263 136 of existing affordable housing, with a 
MS-07 Cambria 5A 32 11 43 49,491             6,879,001 159,977 139 limited scope of work that would not
MS-08 Clearfield 6A 24 6 30 41,915             5,855,263 195,175 140 meet Passive House standards.
MS-09 Chester 4A 56 3 59 64,180             9,033,100 153,103 141

MS-10 Centre 5A 16 34 50 60,912             8,666,068 173,321 142 The remaining 94 projects are listed
MS-11 Clinton 5A 28 4 32 37,454             5,333,806 166,681 142 here.
MS-12 Allegheny 5A 24 12 13 49 67,340             9,698,634 197,931 144

MS-13 Luzerne 5A 32 3 35 44,543             6,503,636 185,818 146 The construction costs shown are 
MS-14 Dauphin 5A 20 20 19,157             2,803,860 140,193 146 preliminary figures as listed in the
MS-15 Butler 5A 68 68 66,845             9,821,302 144,431 147 application, based on schematic 
MS-16 Westmoreland 5A 15 13 8 36 46,095             6,855,424 190,428 149 drawings and specs, and subject to
MS-17 Lackawanna 5A 12 12 8 4 36 50,019             7,560,000 210,000 151 change as detailed drawings and 
MS-18 Northumberland 5A 32 32 38,240             5,789,694 180,928 151 specifications are developed.
MS-19 Centre 5A 37 11 48 57,959             8,781,136 182,940 152

MS-20 Lackawanna 5A 44 4 48 49,460             7,493,999 156,125 152 27 of the 94 projects (29%) certified
MS-21 Allegheny 5A 30 34 64 69,605             10,837,117 169,330 156 that they would meet Passive House
MS-22 Dauphin 5A 43 11 54 51,319             8,411,465 155,768 164 standards.
MS-23 Montgomery 4A 60 60 58,681             9,643,959 160,733 164

MS-24 Adams 5A 39 4 43 50,532             8,515,443 198,034 169 39 applications were awarded 
MS-25 Clarion 5A 48 48 53,668             9,090,720 189,390 169 resources from PHFA.  Of these, 6 were
MS-26 Allegheny 5A 40 6 46 56,969             10,124,143 220,090 178 preservation applications.  Of the 
MS-27 Allegheny 5A 28 8 36 42,500             7,582,274 210,619 178 remaining 33 successful applications,
MS-28 Chester 4A 47 13 60 61,551             10,982,435 183,041 178 10 were Passive House projects (30%).
MS-29 Delaware 4A 38 3 41 47,797             8,539,207 208,273 179 This represents 507 Passive House 
MS-30 Allegheny 5A 52 8 60 63,861             11,647,354 194,123 182 dwelling units.
MS-31 Philadelphia 4A 37 44 81 93,000             17,635,125 217,718 190

MS-32 Crawford 5A 36 4 40 38,953             7,552,475 188,812 194

MS-33 Westmoreland 5A 47 47 49,080             9,801,657 208,546 200

MS-34 Bucks 4A 56 10 66 61,576             12,448,922 188,620 202

MS-35 Lycoming 5A 23 11 34 35,437             7,169,151 210,857 202 Indicates unsuccessful Passive
MS-36 Philadelphia 4A 61 61 60,137             12,416,322 203,546 206 House applications
MS-37 Bradford 5A 40 10 50 56,580             11,852,026 237,041 209

MS-38 Philadelphia 4A 58 4 62 57,653             12,079,768 194,835 210 Indicates successful Passive
MS-39 Philadelphia 4A 52 52 46,619             9,903,739 190,457 212 House applications
MS-40 Philadelphia 4A 60 60 56,672             12,174,301 202,905 215

MS-41 Philadelphia 4A 45 45 48,351             10,464,750 232,550 216

MS-42 Montgomery 4A 50 50 42,265             9,236,729 184,735 219 Projects are arranged by cost per 
MS-43 Allegheny 5A 29 4 33 37,592             8,284,054 251,032 220 square foot for each building type.
MS-44 Philadelphia 4A 46 4 50 46,640             10,701,164 214,023 229

MS-45 Philadelphia 4A 53 53 50,312             11,711,200 220,966 233

MS-46 Philadelphia 4A 34 11 45 42,520             10,560,747 234,683 248

MS-47 Philadelphia 4A 24 24 24,284             6,040,593 251,691 249

MS-48 Philadelphia 4A 60 60 65,340             17,249,402 287,490 264

MS-49 Luzerne 5A 36 36 27,296             7,653,000 212,583 280

MS-50 Philadelphia 4A 48 48 46,000             12,915,822 269,080 281

AR-01 Monroe 5A 36 4 40 54,215             5,753,672 143,842 106

AR-02 Luzerne 5A 6 54 2 62 88,489             9,900,711 159,689 112

AR-03 Philadelphia 4A 12 54 66 77,978             10,123,117 153,381 130

AR-04 Allegheny 5A 33 8 41 70,409             9,181,888 223,948 130

AR-05 Butler 5A 44 18 62 73,114             10,046,992 162,048 137

AR-06 Washington 5A 24 24 41,046             6,169,663 257,069 150

AR-07 Allegheny 5A 2 49 4 55 65,190             10,592,039 192,583 162

AR-08 Delaware 4A 50 50 50,548             8,727,828 174,557 173

AR-09 Philadelphia 4A 60 60 65,041             11,803,992 196,733 181

AR-10 Philadelphia 4A 74 74 93,285             20,223,060 273,285 217

AR-11 Philadelphia 4A 20 37 57 63,960             14,005,881 245,717 219

AR-12 Perry 5A 28 3 31 36,152             8,548,665 275,763 236

Construction Cost Summary for PHFA 2016 Applications

Si
ng

le
 F

am
ily

 /
 T

ow
nh

ou
se

M
ul

ti-
St

or
y 

/ 
El

ev
at

or
 B

ui
ld

in
gs

Ad
ap

tiv
e 

Re
us

e 
Bl

dg
s.

Units by BR Qty
$ / SF$ / Unit

Resid. 
Constr. $

Total 
Units

Climate 
Zone

CountyProj. No.
Resid. Bldg. 

Area

YEAR 2 A NATIONAL Net-Zero-Energy Initiative by 2030 
2016



©"Onion"Flats"2016."Prepared"by"NK"Architects"



10 Passive House Projects COMPLETE

Morningside Crossing
Pittsburgh, PA
46 Units

Glassport
Glassport, PA
55 Units

Mt. Lebanon Sr. Housing
Pittsburgh, PA
60 Units

Roxbury Place
Johnstown, PA
43 Units

Westminster @ Windy
Phillipsburg, PA
48 Units

Parade St. Commons
Erie, PA
40 Units

The Willows 
Landisville, PA
60 Units

Muncy Green
Muncy, PA
60 Units

Montgomery Park
Norristown, PA
50 Units

Anthony Wayne Senior
Phila, PA
45 Units

165



8 PH projects Funded 

YEAR 3-4 
2017-18

A NATIONAL Net-Zero-Energy Initiative by 2030 



0 1 2 3 4+'
SF-01 York 5A 10 13 23 44,064((((((((( 4,475,121(((((((((((( 194,570(((((((((( 102
SF-02 Dauphin 5A 22 22 44 66,603((((((((( 8,409,248(((((((((((( 191,119(((((((((( 126
SF-03 York 5A 6 23 24 3 56 72,013((((((((( 9,258,025(((((((((((( 165,322(((((((((( 129
SF-04 Berks 5A 24 22 46 66,030((((((((( 8,557,500(((((((((((( 186,033(((((((((( 130
SF-05 Lebanon 5A 18 26 16 60 76,101((((((((( 10,333,056((((((((( 172,218(((((((((( 136
SF-06 Franklin 5A 7 25 32 54,375((((((((( 8,150,464(((((((((((( 254,702(((((((((( 150
SF-07 Philadelphia 4A 2 5 11 2 20 29,503((((((((( 4,490,975(((((((((((( 224,549(((((((((( 152
SF-08 Lackawanna 5A 12 12 8 4 36 50,019((((((((( 7,805,595(((((((((((( 216,822(((((((((( 156
SF-09 Franklin 5A 6 21 21 48 66,583((((((((( 10,727,005((((((((( 223,479(((((((((( 161
SF-10 Multiple Co's 5A 52 52 52,330((((((((( 8,909,580(((((((((((( 171,338(((((((((( 170
SF-11 York 5A 18 9 7 34 35,636((((((((( 6,396,969(((((((((((( 188,146(((((((((( 180
SF-12 Allegheny 5A 47 10 57 48,150((((((((( 9,106,659(((((((((((( 159,766(((((((((( 189
SF-13 Westmoreland 5A 3 6 9 18 20,489((((((((( 4,108,548(((((((((((( 228,253(((((((((( 201
SF-14 Allegheny 5A 4 7 9 20 26,198((((((((( 5,407,155(((((((((((( 270,358(((((((((( 206
SF-15 Armstrong 5A 24 24 29,147((((((((( 6,230,195(((((((((((( 259,591(((((((((( 214
SF-16 Susquehanna 6A 34 2 36 31,103((((((((( 7,031,404(((((((((((( 195,317(((((((((( 226
SF-17 Philadelphia 4A 17 16 2 35 45,476((((((((( 10,281,980((((((((( 293,771(((((((((( 226
SF-18 Philadelphia 4A 11 10 12 33 34,388((((((((( 8,875,449(((((((((((( 268,953(((((((((( 258
SF-19 Philadelphia 4A 28 12 40 46,232((((((((( 12,214,948((((((((( 305,374(((((((((( 264
SF-20 Philadelphia 4A 12 18 11 9 50 71,903((((((((( 21,367,901((((((((( 427,358(((((((((( 297
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Units'by'BR'QtyRef.'''''''
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Climate''''
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Resid''''''''''
Constr'$ $'/'Unit $'/'SF

Construction'Cost'Summary'of'2018'PHFA'Applications
Total''''''''
Units

0 1 2 3 4+'
MS-01 Erie 5A 45 45 100,201''''''' 8,587,936'''''''''''' 190,843'''''''''' 86
MS-02 Lancaster 5A 44 18 62 76,045''''''''' 8,306,538'''''''''''' 133,976'''''''''' 109
MS-03 Lancaster 5A 45 15 60 68,993''''''''' 8,544,047'''''''''''' 142,401'''''''''' 124
MS-04 Cumberland 5A 14 12 16 42 49,581''''''''' 6,440,993'''''''''''' 153,357'''''''''' 130
MS-05 Berks 5A 45 12 57 59,916''''''''' 7,892,757'''''''''''' 138,469'''''''''' 132
MS-06 Westmoreland 5A 15 13 8 36 46,095''''''''' 6,087,669'''''''''''' 169,102'''''''''' 132
MS-07 Fayette 5A 18 18 36 42,820''''''''' 5,679,247'''''''''''' 157,757'''''''''' 133
MS-08 Dauphin 5A 35 2 37 43,928''''''''' 5,896,750'''''''''''' 159,372'''''''''' 134
MS-09 Bradford 5A 38 12 56 63,759''''''''' 8,603,563'''''''''''' 153,635'''''''''' 135
MS-10 Allegheny 5A 30 10 40 54,495''''''''' 7,335,750'''''''''''' 183,394'''''''''' 135
MS-11 Lancaster 5A 46 6 52 94,440''''''''' 12,791,060''''''''' 245,982'''''''''' 135
MS-12 Centre 5A 16 34 50 60,599''''''''' 8,371,068'''''''''''' 167,421'''''''''' 138
MS-13 Montgomery 4A 42 14 56 60,166''''''''' 8,477,023'''''''''''' 151,375'''''''''' 141
MS-14 Luzerne 5A 32 3 35 44,543''''''''' 6,416,086'''''''''''' 183,317'''''''''' 144
MS-15 Clinton 5A 28 4 32 37,454''''''''' 5,470,901'''''''''''' 170,966'''''''''' 146
MS-16 Dauphin 5A 20 29 49 53,976''''''''' 8,066,609'''''''''''' 164,625'''''''''' 149
MS-17 Washington 5A 21 25 46 53,310''''''''' 8,000,885'''''''''''' 173,932'''''''''' 150
MS-18 Franklin 5A 36 4 40 54,596''''''''' 8,326,929'''''''''''' 208,173'''''''''' 153
MS-19 Chester 4A 57 3 60 60,931''''''''' 9,310,170'''''''''''' 155,170'''''''''' 153
MS-20 Northumberland 5A 32 4 36 43,826''''''''' 6,998,140'''''''''''' 194,393'''''''''' 160
MS-21 York 5A 16 26 8 50 63,425''''''''' 10,125,538''''''''' 202,511'''''''''' 160
MS-22 Allegheny 5A 27 18 9 54 64,875''''''''' 10,797,000''''''''' 199,944'''''''''' 166
MS-23 Westmoreland 5A 43 4 47 50,680''''''''' 8,439,569'''''''''''' 179,565'''''''''' 167
MS-24 Clearfield 5A 24 6 30 35,984''''''''' 6,065,728'''''''''''' 202,191'''''''''' 169
MS-25 Beaver 5A 44 8 52 57,297''''''''' 9,797,660'''''''''''' 188,417'''''''''' 171
MS-26 Northampton 5A 12 33 15 60 60,212''''''''' 10,329,351''''''''' 172,156'''''''''' 172
MS-27 Montgomery 4A 60 60 61,110''''''''' 10,869,266''''''''' 181,154'''''''''' 178
MS-28 Dauphin 5A 38 11 49 48,638''''''''' 8,730,738'''''''''''' 178,178'''''''''' 180
MS-29 Montgomery 4A 66 8 74 74,468''''''''' 13,541,230''''''''' 182,990'''''''''' 182
MS-30 Clarion 5A 39 3 42 48,847''''''''' 8,988,545'''''''''''' 214,013'''''''''' 184
MS-31 Philadelphia 4A 28 13 41 49,625''''''''' 9,204,879'''''''''''' 224,509'''''''''' 185
MS-32 Lehigh 5A 27 13 40 40,937''''''''' 7,663,199'''''''''''' 191,580'''''''''' 187
MS-33 Allegheny 5A 31 3 1 35 46,015''''''''' 8,714,276'''''''''''' 248,979'''''''''' 189
MS-34 Butler 5A 30 13 1 44 50,825''''''''' 9,697,495'''''''''''' 220,398'''''''''' 191
MS-35 Delaware 4A 58 58 57,365''''''''' 11,293,126''''''''' 194,709'''''''''' 197
MS-36 Bucks 4A 68 1 69 62,844''''''''' 12,503,344''''''''' 181,208'''''''''' 199
MS-37 Delaware 4A 38 3 41 43,515''''''''' 8,746,409'''''''''''' 213,327'''''''''' 201
MS-38 Blair 5A 43 2 45 47,642''''''''' 9,595,216'''''''''''' 213,227'''''''''' 201
MS-39 Tioga 5A 34 6 40 32,800''''''''' 6,591,082'''''''''''' 164,777'''''''''' 201
MS-40 Lycoming 5A 18 6 24 26,749''''''''' 5,419,721'''''''''''' 225,822'''''''''' 203
MS-41 Philadelphia 4A 44 44 46,306''''''''' 9,443,528'''''''''''' 214,626'''''''''' 204
MS-42 Philadelphia 4A 52 52 46,619''''''''' 9,893,465'''''''''''' 190,259'''''''''' 212
MS-43 Crawford 5A 37 2 39 40,256''''''''' 8,580,594'''''''''''' 220,015'''''''''' 213
MS-44 Allegheny 5A 46 46 48,600''''''''' 10,405,629''''''''' 226,209'''''''''' 214
MS-45 Luzerne 5A 36 36 36,784''''''''' 8,100,000'''''''''''' 225,000'''''''''' 220
MS-46 Philadelphia 4A 11 11 8 30 39,650''''''''' 8,957,527'''''''''''' 298,584'''''''''' 226
MS-47 Allegheny 5A 19 13 11 43 41,797''''''''' 9,558,272'''''''''''' 222,285'''''''''' 229
MS-48 Philadelphia 4A 46 4 50 48,315''''''''' 11,197,257''''''''' 223,945'''''''''' 232
MS-49 Philadelphia 4A 60 60 57,672''''''''' 13,556,215''''''''' 225,937'''''''''' 235
MS-50 Philadelphia 4A 45 45 48,351''''''''' 11,428,626''''''''' 253,969'''''''''' 236
MS-51 Philadelphia 4A 37 10 47 50,527''''''''' 12,095,152''''''''' 257,344'''''''''' 239

MS-52 Philadelphia 4A 32 6 6 44 44,889''''''''' 10,869,638''''''''' 247,037'''''''''' 242

MS-53 Philadelphia 4A 24 24 24,284''''''''' 6,253,770'''''''''''' 260,574'''''''''' 258
MS-54 Allegheny 5A 30 20 50 37,290''''''''' 9,905,483'''''''''''' 198,110'''''''''' 266
MS-55 Philadelphia 4A 20 30 50 46,110''''''''' 12,718,548''''''''' 254,371'''''''''' 276
MS-56 Philadelphia 4A 48 48 45,000''''''''' 14,294,705''''''''' 297,806'''''''''' 318
MS-57 Philadelphia 4A 46 46 31,878''''''''' 11,701,929''''''''' 254,390'''''''''' 367
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Construction'Cost'Summary'of'2018'PHFA'Applications
Ref.'''''''
No.

County
Climate''''
Zone

Units'by'BR'Qty Total''''''''
Units

'Resid.'
Bldg''''''
Area'

Resid''''''''''
Constr'$

$'/'Unit $'/'SF

0 1 2 3 4+'
MS-01 Erie 5A 45 45 100,201''''''' 8,587,936'''''''''''' 190,843'''''''''' 86
MS-02 Lancaster 5A 44 18 62 76,045''''''''' 8,306,538'''''''''''' 133,976'''''''''' 109
MS-03 Lancaster 5A 45 15 60 68,993''''''''' 8,544,047'''''''''''' 142,401'''''''''' 124
MS-04 Cumberland 5A 14 12 16 42 49,581''''''''' 6,440,993'''''''''''' 153,357'''''''''' 130
MS-05 Berks 5A 45 12 57 59,916''''''''' 7,892,757'''''''''''' 138,469'''''''''' 132
MS-06 Westmoreland 5A 15 13 8 36 46,095''''''''' 6,087,669'''''''''''' 169,102'''''''''' 132
MS-07 Fayette 5A 18 18 36 42,820''''''''' 5,679,247'''''''''''' 157,757'''''''''' 133
MS-08 Dauphin 5A 35 2 37 43,928''''''''' 5,896,750'''''''''''' 159,372'''''''''' 134
MS-09 Bradford 5A 38 12 56 63,759''''''''' 8,603,563'''''''''''' 153,635'''''''''' 135
MS-10 Allegheny 5A 30 10 40 54,495''''''''' 7,335,750'''''''''''' 183,394'''''''''' 135
MS-11 Lancaster 5A 46 6 52 94,440''''''''' 12,791,060''''''''' 245,982'''''''''' 135
MS-12 Centre 5A 16 34 50 60,599''''''''' 8,371,068'''''''''''' 167,421'''''''''' 138
MS-13 Montgomery 4A 42 14 56 60,166''''''''' 8,477,023'''''''''''' 151,375'''''''''' 141
MS-14 Luzerne 5A 32 3 35 44,543''''''''' 6,416,086'''''''''''' 183,317'''''''''' 144
MS-15 Clinton 5A 28 4 32 37,454''''''''' 5,470,901'''''''''''' 170,966'''''''''' 146
MS-16 Dauphin 5A 20 29 49 53,976''''''''' 8,066,609'''''''''''' 164,625'''''''''' 149
MS-17 Washington 5A 21 25 46 53,310''''''''' 8,000,885'''''''''''' 173,932'''''''''' 150
MS-18 Franklin 5A 36 4 40 54,596''''''''' 8,326,929'''''''''''' 208,173'''''''''' 153
MS-19 Chester 4A 57 3 60 60,931''''''''' 9,310,170'''''''''''' 155,170'''''''''' 153
MS-20 Northumberland 5A 32 4 36 43,826''''''''' 6,998,140'''''''''''' 194,393'''''''''' 160
MS-21 York 5A 16 26 8 50 63,425''''''''' 10,125,538''''''''' 202,511'''''''''' 160
MS-22 Allegheny 5A 27 18 9 54 64,875''''''''' 10,797,000''''''''' 199,944'''''''''' 166
MS-23 Westmoreland 5A 43 4 47 50,680''''''''' 8,439,569'''''''''''' 179,565'''''''''' 167
MS-24 Clearfield 5A 24 6 30 35,984''''''''' 6,065,728'''''''''''' 202,191'''''''''' 169
MS-25 Beaver 5A 44 8 52 57,297''''''''' 9,797,660'''''''''''' 188,417'''''''''' 171
MS-26 Northampton 5A 12 33 15 60 60,212''''''''' 10,329,351''''''''' 172,156'''''''''' 172
MS-27 Montgomery 4A 60 60 61,110''''''''' 10,869,266''''''''' 181,154'''''''''' 178
MS-28 Dauphin 5A 38 11 49 48,638''''''''' 8,730,738'''''''''''' 178,178'''''''''' 180
MS-29 Montgomery 4A 66 8 74 74,468''''''''' 13,541,230''''''''' 182,990'''''''''' 182
MS-30 Clarion 5A 39 3 42 48,847''''''''' 8,988,545'''''''''''' 214,013'''''''''' 184
MS-31 Philadelphia 4A 28 13 41 49,625''''''''' 9,204,879'''''''''''' 224,509'''''''''' 185
MS-32 Lehigh 5A 27 13 40 40,937''''''''' 7,663,199'''''''''''' 191,580'''''''''' 187
MS-33 Allegheny 5A 31 3 1 35 46,015''''''''' 8,714,276'''''''''''' 248,979'''''''''' 189
MS-34 Butler 5A 30 13 1 44 50,825''''''''' 9,697,495'''''''''''' 220,398'''''''''' 191
MS-35 Delaware 4A 58 58 57,365''''''''' 11,293,126''''''''' 194,709'''''''''' 197
MS-36 Bucks 4A 68 1 69 62,844''''''''' 12,503,344''''''''' 181,208'''''''''' 199
MS-37 Delaware 4A 38 3 41 43,515''''''''' 8,746,409'''''''''''' 213,327'''''''''' 201
MS-38 Blair 5A 43 2 45 47,642''''''''' 9,595,216'''''''''''' 213,227'''''''''' 201
MS-39 Tioga 5A 34 6 40 32,800''''''''' 6,591,082'''''''''''' 164,777'''''''''' 201
MS-40 Lycoming 5A 18 6 24 26,749''''''''' 5,419,721'''''''''''' 225,822'''''''''' 203
MS-41 Philadelphia 4A 44 44 46,306''''''''' 9,443,528'''''''''''' 214,626'''''''''' 204
MS-42 Philadelphia 4A 52 52 46,619''''''''' 9,893,465'''''''''''' 190,259'''''''''' 212
MS-43 Crawford 5A 37 2 39 40,256''''''''' 8,580,594'''''''''''' 220,015'''''''''' 213
MS-44 Allegheny 5A 46 46 48,600''''''''' 10,405,629''''''''' 226,209'''''''''' 214
MS-45 Luzerne 5A 36 36 36,784''''''''' 8,100,000'''''''''''' 225,000'''''''''' 220
MS-46 Philadelphia 4A 11 11 8 30 39,650''''''''' 8,957,527'''''''''''' 298,584'''''''''' 226
MS-47 Allegheny 5A 19 13 11 43 41,797''''''''' 9,558,272'''''''''''' 222,285'''''''''' 229
MS-48 Philadelphia 4A 46 4 50 48,315''''''''' 11,197,257''''''''' 223,945'''''''''' 232
MS-49 Philadelphia 4A 60 60 57,672''''''''' 13,556,215''''''''' 225,937'''''''''' 235
MS-50 Philadelphia 4A 45 45 48,351''''''''' 11,428,626''''''''' 253,969'''''''''' 236
MS-51 Philadelphia 4A 37 10 47 50,527''''''''' 12,095,152''''''''' 257,344'''''''''' 239

MS-52 Philadelphia 4A 32 6 6 44 44,889''''''''' 10,869,638''''''''' 247,037'''''''''' 242

MS-53 Philadelphia 4A 24 24 24,284''''''''' 6,253,770'''''''''''' 260,574'''''''''' 258
MS-54 Allegheny 5A 30 20 50 37,290''''''''' 9,905,483'''''''''''' 198,110'''''''''' 266
MS-55 Philadelphia 4A 20 30 50 46,110''''''''' 12,718,548''''''''' 254,371'''''''''' 276
MS-56 Philadelphia 4A 48 48 45,000''''''''' 14,294,705''''''''' 297,806'''''''''' 318
MS-57 Philadelphia 4A 46 46 31,878''''''''' 11,701,929''''''''' 254,390'''''''''' 367
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Constr'$

$'/'Unit $'/'SF

YEAR 3-4   A NATIONAL Net-Zero-Energy Initiative by 2030 
2017-18



CONSTRUCTION COST OF PROPOSED PROJECTS TO PHFA
PROJECT
COST/SF

$350

$300

$250

$200

$150

$100

$50

$0
O sf 50,000 sf 100,000 sf

DATA SOURCE: PENNSYLVANIA HOUSING FINANCE AGENCY: MULTI-STORY AND SINGLE FAMILY TOWNHOUSE NEW CONSTRUCTION ONLY

150,000 sf PROJECT 
SIZE

75,00063,000 88,00025,000 38,00012,500

$25

$37

$12

$75

$87

$62

$125

$137

$112

$175

$187

$162

$225

$237

$212

$275

$287

$262

175,000163,000 188,000125,000 138,000112,500

NON-PASSIVE HOUSE
AVG  $182/SF

AWARDED PASSIVE HOUSE
AVG  $179/SF

- 2% DIFFERENCE

2018

NON-PASSIVE HOUSE
AWARDED PASSIVE HOUSE
NOT AWARDED PASSIVE HOUSE

YEAR 3-4   A NATIONAL Net-Zero-Energy Initiative by 2030 
2017-18
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2015 Final Design – 49 Units

First Floor Plan
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1. Wall:  
- Adam Cohen’s BuildSmart panelized wall system  
- 2x6 stud with Dense-Pack Cellulose (R3.8/inch) in cavity, 

OSB, 3.5” EPS, Zip Panel  
- TOTAL R33 
- Windows: Come pre-installed in wall system: Klearwall 

Future Proof, glass has Uvalue of .11 BTU/hr/ft2, with SHGC 
of .61(window muntins reduce SHGC to .57 

2. Slab:  
- Adam Cohen BuildSmart preformed EPS slab/foundation 

system, thermal bridge free.   
- TOTAL R26.3 

3. Roof:  
- Roof truss with 18” of Cellulose  
- ZIP panel as Air Barrier underside of truss to be fully taped 

at joints and to Zip panel at wall.   
- A service cavity below the Air barrier with Chicago grid will 

allow for lighting, wiring sprinklers, etc without puncturing 
the Air Barrier 

- TOTAL: R50 
4. Domestic Hot water:  

- State 50 gallon Heat Pump Water Heater (HPWH) with a 
COP of 2.75, one per unit  

5. Ventilaton:  
- Three Ultimate Aire 2000DX ERV centralized and ducted system for all of the 49 apartments 

and  corridors, ancillary areas and Community Room. The ERV should be located in attic 
space.  

- Addressed discrepancy between PH and Energy Star with respect to 5ach requirement by 
ducting the kitchen hood directly to outside with magnetic damper.  Flow rates for units:  

- 1bdrm units: 47cfm 
- 2bdrm units: 71 cfm 
- 3 bdrm units: 83 cfm 

6. Heating/Cooling:  
- Fujitsu ducted mini-splits within each apartment with ganged condensers at grade.  They have 

an HSPF between 12.2-11.5 BTU/h/W and a SEER of 19.7-21.5 depending on size of units.   
7. Laundry 

- 5 commercial washers and dryers in common laundry room 
- Gas dryers vented to outside with magnetic dampers and gas DHW dedicated in room.   

8. Construction costs: Not sure right now but originally at $148sf 
9. CHALLENGES 

- shifting from decentralized Zehnder units, one per unit, to centralized US manufacturer.  Took 
hit in performance.   

- Shift to BuildSmart wall/foundation system but I think good move for overall coordination.  
Taking risk, however, because this has not been tested.   



2015 Final Design – 49 Units

TypWall Section
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1. Wall:  
- Adam Cohen’s BuildSmart panelized wall system  
- 2x6 stud with Dense-Pack Cellulose (R3.8/inch) in cavity, 

OSB, 3.5” EPS, Zip Panel  
- TOTAL R33 
- Windows: Come pre-installed in wall system: Klearwall 

Future Proof, glass has Uvalue of .11 BTU/hr/ft2, with SHGC 
of .61(window muntins reduce SHGC to .57 

2. Slab:  
- Adam Cohen BuildSmart preformed EPS slab/foundation 

system, thermal bridge free.   
- TOTAL R26.3 
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- Roof truss with 18” of Cellulose  
- ZIP panel as Air Barrier underside of truss to be fully taped 

at joints and to Zip panel at wall.   
- A service cavity below the Air barrier with Chicago grid will 

allow for lighting, wiring sprinklers, etc without puncturing 
the Air Barrier 

- TOTAL: R50 
4. Domestic Hot water:  

- State 50 gallon Heat Pump Water Heater (HPWH) with a 
COP of 2.75, one per unit  

5. Ventilaton:  
- Three Ultimate Aire 2000DX ERV centralized and ducted system for all of the 49 apartments 
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- Addressed discrepancy between PH and Energy Star with respect to 5ach requirement by 
ducting the kitchen hood directly to outside with magnetic damper.  Flow rates for units:  

- 1bdrm units: 47cfm 
- 2bdrm units: 71 cfm 
- 3 bdrm units: 83 cfm 

6. Heating/Cooling:  
- Fujitsu ducted mini-splits within each apartment with ganged condensers at grade.  They have 

an HSPF between 12.2-11.5 BTU/h/W and a SEER of 19.7-21.5 depending on size of units.   
7. Laundry 

- 5 commercial washers and dryers in common laundry room 
- Gas dryers vented to outside with magnetic dampers and gas DHW dedicated in room.   

8. Construction costs: Not sure right now but originally at $148sf 
9. CHALLENGES 

- shifting from decentralized Zehnder units, one per unit, to centralized US manufacturer.  Took 
hit in performance.   

- Shift to BuildSmart wall/foundation system but I think good move for overall coordination.  
Taking risk, however, because this has not been tested.   



THE WHITEHALL: missionfirsthousing.org 2017 49units of Veteran housing



THE WHITEHALL: missionfirsthousing.org 2017 49units of Veteran housing



THE WHITEHALL: missionfirsthousing.org 2017 49units of Veteran housing



PRE-DRYWALL BLOWER DOOR TEST
September 26, 2016

.5 ACH50
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FINAL DRYWALL BLOWER DOOR TEST
April 17, 2017

.42 ACH50
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The Whitehall Utility Cost Comparison

1 BR 2 BR 3 BR

Housing Authority Allowances $103.00 $138.00 $169.00

Calculated Passive House $42.37 $60.45 $80.97
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Housing Authority 
Allowances

Calculated Passive 
House

TTP For All Units $545,748 $545,748
Less Utilities $64,548 $27,372
Rent $481,200 $518,376
Operating Costs $382,084 $382,084
Net Income $99,116 $136,292

CHIP: “*Understates the case: operating costs include common area utilities, which are lower in Passive House 
construction than in traditional construction. So the operating costs in the Housing Authority scenario would be 
higher, meaning that the actual difference in Net Income is higher than shown”

*

Impact of Utility Costs on Operating Budget
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Housing 
Authority 

Allowances
Calculated 

Passive House
Net Operating Income $99,116 $136,292
Debt Coverage Ratio* 1.8 1.8
Payment (NOI/DCR) $55,064 $75,718
Max Mortgage (30 yrs @ 5.5%) $800,000 $1,100,000 

*1.07 in Year 15 

CHIP: “Passive House lets you borrow/leverage more money to build more housing.”

Impact of Utility Costs on Operating Budget
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Housing Authority 
Allowances Calculated Passive House

Total Development Cost $12,750,000 $12,750,000 
LIHTC Equity $11,000,000 $11,000,000 
Soft Debt/Grants $450,000 $450,000 
Mortgage $800,000 $1,100,000 
Total $12,250,000 $12,550,000 
Deferred Fee Required $500,000 $200,000 
Gross Fee $1,500,000 $1,500,000 
Net Fee $1,000,000 $1,300,000 

CHIP: “We’re a nonprofit, which means we don’t put the net fee in our pockets. We put that money into 
new developments. Higher net fees mean we can house more people.” 

Impact of Utility Costs on Operating Budget
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Opening Day
June 14, 2017
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40 State Housing Finance Agencies 
Engaged to replicate PHFA strategy



18 COMMITTED!!1   California
2   Connecticut
3   District of Colombia
4   Delaware
5   Idaho
6   Illinois
7   Maryland
8   Massachusetts
9   Montana
10 New Hampshire
11 New Jersey
12 New York 
13 Ohio
14 Pennsylvania
15 Rhode Island
16 South Dakota
17 Vermont
18 Virginia184



PENNSYLVANIA

NEW YORK

NEW JERSEY

D.C.

DELAWARE

CALIFORNIA

CONNECTICUT

RHODE ISLAND

NEW HAMPSHIRE

OHIO

ILLINOIS

MONTANA

MARYLAND

SOUTH DAKOTA

VERMONT

IDAHO

17 COMMITTED!!

NYC: The House at Cornell Tech,
Knickerbocker Commons, Sendero Verde

OHIO: Fairwood Commons

SOUTH DAKOTA: Student Passive House Project and Copper Pass 
Apartments

NEW HAMPSHIRE: Gilford Village 
Knolls



RESEARCH ON PASSIVE HOUSE IN QAPs

• States with differentiation from LEED get more 

PH projects

! PA 23 projects (10 pt. bonus/150) 

! CT 6 projects (3 pt. bonus/104)

! VT 1 project (1 of 30 checks) 

! SD 1 project ($500K bonus)

! MA ~12 projects (2 points/182)- but also 

$3K per unit MassSave incentive

• Having PH as equivalent to LEED is not effective 

way to incentivize PH

! 12 States- no PH projects



WASHINGTON

OREGON

NEVADA

UTAH

MINNESOTA

IOWA

MISSOURI

OKLAHOMA

WISCONSIN

MICHIGAN

INDIANA

KENTUCKY

MAINE

ALASKA

….14 ON THEIR WAY!!



WASHINGTON

OREGON

NEVADA

UTAH

MINNESOTA

IOWA

MISSOURI

OKLAHOMA

WISCONSIN

MICHIGAN

INDIANA

KENTUCKY

MAINE

ALASKA

….14 ON THEIR WAY!!

Minnesota: West Side Flats

Oregon: The Orchards at Orenco

Vermont: Elm Place

Maine: Bayside Anchor Passive House
Village Centre Passive House

Missouri: Second and Delaware, Kansas City



AFFORDABLE HOUSING



AFFORDABLE HOUSING
Architects, Engineers, Builders



AFFORDABLE HOUSING

MARKET-RATE HOUSING

Architects, Engineers, Builders



AFFORDABLE HOUSING

MARKET-RATE HOUSING

Catalyst for radical and significant transformation of the 

HOUSING INDUSTRY…..

Architects, Engineers, Builders



CAPITAL FLATS : 3 PHASES, 42 UNITS, 18 YEARS

PHASE 3
THE BATTERY

PHASE  1
THE FACTORY

PHASE 2 
THIN FLATS

CAPITAL FLATS



CAPITAL FLATS : 3 PHASES, 42 UNITS, 18 YEARS

PHASE 3
THE BATTERY

PHASE  1
THE FACTORY

PHASE 2 
THIN FLATS



PHASE 3: THE BATTERY  2017



PHASE 3: THE BATTERY  2017

- 25 Apartments (500-1000sf)
- 17,400 sf
- R34 walls
- R 54 roof/floors
- .13 Uvalue windows
- .6 SHGC
- Centralized VentilationERV, 82% efficient
- Centralized Hot Water: Geothermal
- Centralized heating/cooling: Geothermal VRF
- Centralized Electric Metering
- 77 kw PV array to get to Net Zero





$169/sf



COMPS agreed 
to by BANK

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

AVERAGE RENT:
$1337/MONTH
$2.35 SF



COMPS agreed 
to by BANK

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

AVERAGE RENT:
$1337/MONTH
$2.35 SF

DEBT SERVICE RATIO:

1.56



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

What the BANK was 
willing to lend 

CAPITAL'2'COSTS 15-Jun
DESCRIPTION'OF'WORK SCHEDULED'VALUE ACTUAL'VALUE

1 Concrete/Site/Excavation $230,724.00 $172,000.00

2 Windows/Doors/Panelized $313,454.47 $336,778.76

3 Rough Carpentry $216,616.00 $195,032.69

4 Finish Carpentry $102,143.00 $23,046.00
5 Cabinetry/Appliances/Fixtures $237,376.00 $284,284.77

6 Insulation $88,655.00 $39,500.00

7 Roofing Greenroof $157,682.00 $119,400.00
8 Exterior Cladding $209,205.00 $221,619.51

9 Drywall, Metal Studs $177,251.00 $118,630.95

10 Interior Doors/Frames/Hardware $61,873.00 $43,142.86
11 Flooring $130,875.00 $151,625.40
12 Paint $92,520.00 $48,000.00

13 Specialties: Steel $79,371.00 $55,500.00
14 Fire Sprinklers $44,100.00 $44,000.00

15 Plumbing $173,700.00 $130,000.00
16 HVAC $150,975.00 $312,208.67

17 Electric $161,411.00 $158,379.00
18 General Reqs $232,511.00 $234,860.00
19 OH& Profit $315,998.44 $0.00
20 Soft Costs $305,000.00 $314,560.77

21 Contingencies $183,545.53 $0.00
22 Solar Racking and Panels $183,691.60

TOTAL $3,664,986.44 $3,186,260.98



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

ACTUAL RENTS



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

15% INCREASE
- Integrated project Team
- More efficient
- Better design:
- Solar canopy and array
- Rent includes utiliites
- Basement storage space
- Electric car charging
- Interactive building

ACTUAL RENTS



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

AVERAGE:
$1584.00
Still below 
Market Rate!!!

AVERAGE:
$1337.00



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

$116,000.00 More NET Revenue



JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

DEBT SERVICE RATIO:

1.56

COMPS agreed 
to by BANK

AVERAGE RENT:
$1337/MONTH
$2.35 SF

JUNE%16%2017
PROJECT(REVENUE
CAPITAL(FLATS(II

Residential 1%BR $2.35
2%BR $2.35

DRYWALL
TO

DRYWALL BANK BANK BANK 16+Jun 16+Jun 16+Jun
BEDS UNIT%#SF/UNIT/NET/SF $/SF MONTH YEAR /$/SF PRICING YEAR
1 101 443 $2.35 $1,041.05 $12,493 $2.93 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
2 102 658 $2.35 $1,546.30 $18,556 $2.74 $1,800.00 21,600.00%%%%%%%%%%%%%%%%%%%
1 103 448 $2.35 $1,052.80 $12,634 $2.90 $1,300.00 15,600.00%%%%%%%%%%%%%%%%%%%
1 201 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 202 446 $2.35 $1,048.10 $12,577 $3.14 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 203 436 $2.35 $1,048.10 $12,577 $3.21 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 204 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 205 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 206 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 207 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 208 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 301 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 302 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 303 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 304 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 305 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 306 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 307 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 401 553 $2.35 $1,299.55 $15,595 $2.89 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%
1 402 906 $2.35 $2,129.10 $25,549 $2.98 $2,700.00 32,400.00%%%%%%%%%%%%%%%%%%%
1 403 545 $2.35 $1,280.75 $15,369 $2.75 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 404 550 $2.35 $1,292.50 $15,510 $2.73 $1,500.00 18,000.00%%%%%%%%%%%%%%%%%%%
1 405 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
1 406 521 $2.35 $1,224.35 $14,692 $2.69 $1,400.00 16,800.00%%%%%%%%%%%%%%%%%%%
2 407 634 $2.35 $1,489.90 $17,879 $2.52 $1,600.00 19,200.00%%%%%%%%%%%%%%%%%%%

Parking%units%@%$150/m.%per%space 13 $150.00 $1,950.00 $23,400 $2.79 $1,950.00 23,400.00%%%%%%%%%%%%%%%%%%%

Gross(Revenue $35,378.75 $424,545 $498,600.00
Less%Vacancy 5.0% V$1,768.94 V$21,227 G$21,227
Gross(Rent 2.12$((( $33,609.81 $403,318 $519,827.25

Taxes (during%10%year%tax%abatement) $10,705
Insurance $8,000
Maintenance%Reserve% 3% $12,100
Snow%Removal $800
Grounds%&%Landscaping $500
Trash%Collection $4,800
Common%Area%Utilities $1,200
Accounting%/%Taxes $6,000
Management%Fee 3% $12,100
Total(Expenses $3.16 $56,204 $56,204
Operating(Ratio 13.94%

Cash(Flow(Before(Debt(Service $347,113 $463,622.93

Permanent%Debt%Service
Beginning%Loan%Balance $3,429,480
Loan%Term%(Years) $25

Interest%Rate $0
Payments%per%Year $12
Annual(Debt(Service(Payment $222,946 $222,946

Net(Cash(Flow $124,168 $240,677.36 Net(Cash(Flow

Project(Value(at(Stabilization Cap(Rate 6.00% $5,785,224 $7,727,048.75 Project(Value(at(Stabilization
Debt(Service(Coverage(Ratio 1.56 $2.08 Debt(Service(Coverage(Ratio

$1,941,825.00
Increased Valuation



Opening Day
June 14, 2017



Opening Day
June 14, 2017



Impact

Cost

SD DD CD CA

Decision Making



Net Zero?

Centralized 
Systems

Decentralized 
Systems

Single 
Meter

High Performance 
Multi Family 
Affordable 

Housing

Building
Envelope

Slab on
Grade

Double 
Stud wall 

100%

YES

NO

Multi-
Meter

All Electric

GAS+

Foam Free?

Basement

Windows 
& Doors

Maintenance
Management

Aux.
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FLOOR

Stud wall 
w/ext.

insulation
Conveyance

Roof

Walls

Pitched
Roof

Flat
Roof

Codes

Installation

SYSTEMS STRUCTUREDesign Decisions



Typical Design Process

Broad Decisions Detailed Decisions

Programming…  Massing….                                                   Systems…



Broad Decisions Detailed Decisions

Massing… Systems…EnvelopeProgramming…

Passive House Design Process



#1: NET-ZERO-ENERGY CAPABLE?

NO

YES

ALL-ELECTRIC BUILDING
(No non-renewable fuel can be used)

NON-RENEWABLE FUEL CAN BE USED
- Gas, propane, oil can be used for
heating/cooling, domestic hot water, cooking

#2: METERING MULTIPLE METERS

Tenants pay all utilities

ONE M
ETE

R

Dev
elo

pe
r p

ay
s u

tili
tie

s

IMPLICATIONS
- Decentralized Ventilation (Individual ERV/HRV in each unit)
- Decentralized Hot Water (Individual Heat Pump water heaters in each unit)
- Decentralized Heating/Cooling (Individual Mini-split heat pumps within each unit, one condenser per unit
- Water (Owner meter's water consumption and charges tenants or is included in rent
- Solar PV is broken into a series of "arrays" that corespond to each unit and tied to unit's meter

PROS
- Owner is not managing or paying for utilities, tenants are.  Tenants get benefit of solar electric 
generation not owner. 
CONS
- Requires more maintenance for owner 

- Filters in ventilation/heating/cooling/hot water systems need to be cleaned/replaced 
3-4 per year.  

- Coordination challenge of maintenance with all tenants because systems are inside their units.  
- Two punctures in the envelope for ERV/HRV (1 supply and 1 exhaust for each unit) which is 
labor intensive and has potential for air leakage. 
- ERV/HRV takes up space in apartments and needs to be located within 10 of exterior wall with 
two insulated ducts to  the outside per unit.   
- Heat pump water heaters take up space in apartment, add to heating load to space and require 
ventilated closet.  
- Capital costs of wiring and space required for multiple individual electrical meters and solar meters. 
- Tenants get benefit of solar electric generation not owner.  
- Owner not in control of monitoring energy consumption of units 

IMPLICATIONS
- Centralized Ventilation system (located on roof, roughly one unit for 10-15 apartments)
- Centralized hot water system (solar thermal or geothermal) OR Decentralized HPWHs 
- Centralized heating/cooling system (two ways to go here, either air-sourced Mitsubishi/Fujitsu VRF system or
“ground-source" geothermal system”)
- Solar Photovoltaic centralized system without arrays and ONE meter. 

PROS
- Simplified monthly payments for tenants
- Less maintenance on ventilation/heating/cooling/hot water systems as they are centralized in one place
- Less penetrations in envelop for ventilation system
- Freed up space in apartments as no mechanical closets are required
- Less cost and space required for electric meters (one) and solar meters (one)
- Owner should be monitoring the energy consumption of the units any way and a while there will only need to be 
ONE electric meter, owner will be able to still monitor the electricity consumption of each unit
- Owner receives the benefit of the solar electricity generation.   
CONS
- Fire dampers required on ventilation supply and returns as they pass horizontal 1 hour assembly
- Owner has more management costs related to billing tenants if they go over maximum amount of energy per month

#3: ENVELOP

FOUNDATION

WALLS...........

ROOF.............

Slab on Grad

Basement

Stud wall with 
exterior insulation

Double Stud wall

Pitched

Flat

PROS
- Cost effective
- Monolithic pour with monolithic insulating forms,  

CONS
- No basement for storage/utilities

PROS
- Storage and utilities

CONS
- Expensive

PROS
- Cost effective 
- Air barrier is on OUTSIDE; reduces penetrations
-  Everyday framing techniques; little training 

CONS
- Exterior insulation adds labor costs depending on insulation type

PROS
- No exterior insulation
- Vapor Open construction
- "Anti-foam" people love this

Drying in two directions: Vapor Closed
- Rigid foam insulation on exterior
Wall cavity drys to interior, exterior foam drys
to exterior
- Foam has greater global warming potential
- Some foams loose Rvalue in more extreme temps
- less expensive

Drying in One direction: Vapor Open
- Rigid insulation on exterior fully open drying potential
eg: Roxul, Gutex, cork
- Less global warming potential 
- Maintains Rvalue in more extreme temps
- More expensive

PROS
- Cost effective 
- Air barrier is on INSIDE; bottom side of trusses
- Everyday framing techniques; little training 
- Cost Effective roofing membrane options
- Cost effective loose-fill insulation (cellulose, fiberglass...)
CONS
- Limits to "contemporary" design aesthetic options

PROS
- Cost effective 
- Air barrier is on OUTSIDE; reduces penetrations; roof 
sheathing  doubles as air barrier 
-  Everyday framing techniques; little training 

CONS
- Requires exterior rigid insulation 

CONS
- Air barrier is on INTERIOR; complicates penetrations
and framing
- Expensive
- Not everyday framing techniques
- Complicated air-barrier details

PRODUCTS
- Intello air barriers
- 

#4: WINDOWS/DOORS

#5: VENTILATION

#6: HEATING/COOLING

#7: DOMESTIC HOT WATER

#8: ENERGY MONITORING

- Fentrend: window sourcing
- Buildsmart: Klearwall windows built in

- eliminates need for research or installation costs associated with windows and doors
- Intus, Klearwall......

CENTRALIZED ERV/HRV
- Ventacity
- RenewAire
- Ultimate Aire
* Note: Look for latent and sensible efficiencies high enough
so as NOT to require additional heating or dehumidification
on supply side of unit

AIR SOURCE
- VRF: Centralized but also capable of metering

- Mitsubishi, Fujitsu
- Mini-splits (Mitsubishi, Fujitsu)

- Non-ducted less expensive and in small apartments, ducted is not necessary
- Ducted: more expensive, doubling duct work but fool-proof 

GROUND SOURCE
- Geothermal : Water to refrigerant systems (Mitsubishi, Fujitsu)

- more expensive but 30% Federal tax credit  put's it on par with air-sorurce
- more energy efficient than air-source

- Geothermal : Water to water, "chilled beam" technology
- more expensive but  worthy of further research 

AIR SOURCE
- Decentalized Heatpump water heaters

GROUND SOURCE
- Geothermal : Water to refrigerant systems (Mitsubishi, Fujitsu)

- more expensive but 30% Federal tax credit  put's it on par with air-sorurce
- more energy efficient than air-source

- Geothermal : Water to water, "chilled beam" technology
- more expensive but  worthy of further research 

SOLAR THERMAL
- Expensive  but very efficient; 

PURPOSE
- Tool for preventative maintenance 
- Tool for optimizing performance 
- Tool for communication between owner/tenants and larger community
- Promotional tool for marketing the project to policy/governmental/financial partners

HARDWARE/SOFTWARE
- Site Sage, Powerwise, Lucid, Hobo.....

INDICATES THE PATH THAT I WOULD TAKE BASED ON EXPERIENCE

PRODUCTS
- Prefabricated Insulated Structural Foam formwork

- Buildsmart: Only negative with Buildsmart is 
lack of diversity from a design perspective 

- Site Built
- Structural High density EPS, inexpensive 
-  Foamglass: expensive

MANUAL
FOR MULTI-FAMILY PASSIVE HOUSE/NET ZERO ENERGY CAPABLE AFFORDABLE HOUSING 
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Non-Renewable 
Fuels Can Be Used

Heating
Hot Water
Laundry
Cooking
Back up power

Heating/
Cooling
Hot Water
Laundry
Cooking

GASHigh 
Performance 
Multi Family 
Affordable 

Housing

NO

YESNZE
Carbon
Nuetral



STEP #1
Define your Energy Path

100% ElectricNon-Renewable Fuels 
Cannot Be Used

Non-Renewable 
Fuels Can Be Used

Heating/
Cooling
Hot Water
Laundry
Cooking

Pros
- Efficient with 

centralized systems
- Cheap fuelGAS

Cons
- Capital costs for 

new utility, all 
piping, venting and 
make-up air 
requirements

- Indoor Air quality 
and contaminants

- Not Carbon-
Nuetral

Pros
- Only ONE utility to 

manage
- Can get to Net Zero
- Less venting 

requirements
- Less capital costs 

on installation of 
utility, more space

Cons
- No gas cooking
- No gas DHW
- No gas Laundry

High 
Performance 
Multi Family 
Affordable 

Housing

NO

YESNZE
Carbon
Nuetral

Heating
Hot Water
Laundry
Cooking
Back up power
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Metering Strategy Will 
Affect:

STEP #1
Define your Energy Path

Multiple 
Meters

One Meter

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Net Zero?

• Rental Agreements

• Maintenance 
Schedule

• Space Planning

• Fire Protection

• Equipment Selection
STEP #2

Define your Systems Path

Multiple
Meters

One
Meter



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

STEP #2
Define your Systems Path

CENTRALIZED SYSTEMS

DE-CENTRALIZED SYSTEMS

NZE
Carbon
Nuetral Multiple

Meters

One
Meter
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One Meter

IMPLIES CENTRALIZED 
SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering

CENTRALIZED
SYSTEMS
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One Meter
Ground-Sourced Heat Pump
(Geo-thermal)

Air-Sourced Heat Pump

HEATING/COOLING

CENTRALIZED
SYSTEMS

IMPLIES CENTRALIZED 
SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering



s

One Meter
Ground-Sourced Heat Pump
(Geo-thermal)

The Battery, PHIUS + Certified, 2017, OPEN LOOP, “STANDING COLUMN” GEO WELLS

HEATING/COOLING

CENTRALIZED
SYSTEMS

IMPLIES CENTRALIZED 
SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering



Ground-Sourced Heat Pump
(Geo-thermal)

HEATING/COOLING
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PARTITION TYPES
3/4" = 1'-0"

2x4 STUDS @ 24" O.C.

5/8" GWB
    OR
5/8" MOISTURE-RESISTANT
GWB IN BATHROOMS)

2x6 STUDS @ 16" O.C.

7/16" OSB SHEATHING

5/8" GWB

R19 BATT INSULATION

3-1/2" EPS

BRICK TIES EVERY 6TH
COURSE @ 32" O.C.

1" AIR SPACE
BRICK VENEER

WALL TYPE: 1 INTERIOR WALL

WALL TYPE: 4A WALL TYPE:4B EXTERIOR BRICK WALL

4 1/2"

1'-3 1/8"

2x6 STUDS @ 16" O.C.

5/8" TYPE X GWB

R19 BATT INSULATION

WALL TYPE: 4C

1/2" ZIP SHEATHING

EXISTING CONSTRUCTION

1" GAP

10 3/4"

5/8" DENSGLASS

PARTY WALL @ EXISTING
BUILDING / 1-HOUR (UL U305)EXTERIOR WALL

1/2" ZIP SHEATHING

2x6 STUDS @ 16" O.C.

7/16" OSB SHEATHING

5/8" GWB

R19 BATT INSULATION

3-1/2" EPS

1x4 VERT WD FURRING

RE: ELEVATION FOR
CLADDING

11 5/8"

1/2" ZIP SHEATHING

SOUND BATT @
BD RM  & BATH RM

WALL TYPE:

3-1/2" EPS RIGID INSULATION

2x4 STUDS @ 16" O.C.

(2) LAYERS 5/8" GWB
    OR
5/8" MOISTURE-RESISTANT
GWB IN BATHROOMS)

INTERIOR 2 HR WALL2A WALL TYPE:

6 1/2"

3-1/2" BATT INSULATION

1/2" RESILIENT CHANNEL

WALL TYPE: 2B INTERIOR 2 HR WALL

8 1/2"

2x6 STUDS @ 16" O.C.

5-1/2" BATT INSULATION

2x4 STUDS @ 16" O.C.

5/8" CERTAINTEED SILENT
FX GWB BOTH SIDES

3A INTERIOR 1 HR WALL @ UNIT
STC 59

5 1/4"

3-1/2" BATT INSULATION

1/2" RESILIENT CHANNEL

WALL TYPE: 3B INTERIOR 1 HR WALL @ HALL
STC 51

7 1/4"

2x6 STUDS @ 16" O.C.
5-1/2" BATT INSULATION

5A EXTERIOR BASEMENT
WALL

CONCRETE WALL, SEE
FOUNDATION PLANS
FOR WIDTH

5/8" GWB

LIQUID APPLIED
WATER PROOFING

12"

2x4 STUDS @ 24" O.C.

3-1/2" BATT INSULATION
@ STAIR - TYPE

WALL TYPE: 5C EXTERIOR BASEMENT
MEP CHASE WALL

2x6 STUDS @ 24" O.C.

CONCRETE WALL, SEE
FOUNDATION PLANS
FOR WIDTH

5/8" GWB

LIQUID APPLIED
WATER PROOFING

8"

MEP CHASE

5B

WALL TYPE:

5/8" CERTAINTEED SILENT
FX GWB ONE SIDE
5/8" GWB, OR MOISTURE
RESISTANT @ BATH

TITLE:

These drawings are instruments of service and shall remain the
propery of Plumbob, LLC whether  the  project  for  which
they are made is executed or not.  These drawings shall not be
used by anyone on other projects, for additions to this Project,
or for completion of   this   Project   by   others  except   by
agreement  in  writing  and  with  appropriate compensation to
Plumbob, LLC.

Submission or distribution to meet official regulatory
requirements or for other purposes in connection with this
Project is not to be construed as publication in derogation of
Plumbob LLC's rights.

These electronic files, reproducibles, or prints have been issued
for the convenience of the Owner and Contractor.  No
changes, alterations, additions or deletions may be made to
these documents except by the Architect.

No reproducible copies are to be made from these drawings
without the prior written authorization of the Architect.
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A101

FLOOR PLANS

2 – 1000’ deep Standing Column
Geothermal Wells
ALL heating/cooling and domestic hot water for 
ALL 25 apartments
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BUILDING SECTION

1/8" = 1'-0"
1

HANCOCK STREET / WEST ELEVATION

1/8" = 1'-0"

10

A502

4

A502

5

A502

7

A502

EXISTING 12" 2HR PARTY

WALL TO BE BUILT UP TO

BOTTOM OF NEIGHBORING

CAP  PARAPET CAP FLASHING
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BUILDING SECTION

1/8" = 1'-0"

3

A502

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"
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HORIZONTAL ASSEMBLIES

3/4" = 1'-0"
TYPE: A TYP FLOOR ASSEMBLY

1-HOUR PARTITION

UL DESIGN NO. L570

STC 66

2x4 CEILING FRAMING

TYPE: B FLOOR ASSEMBLY @ HALLWAY

1-HOUR PARTITION

UL DESIGN NO. L501

TYPE: C FLOOR ASSEMBLY OVER BASEMENT

2-HOUR PARTITION

UL DESIGN NO. L538

TYPE: D FLOOR ASSEMBLY EXTERIOR CEILING TYPE: E TYP ROOF ASSEMBLY

1-HOUR ASSEMBLY

UL DESIGN NO. L570

TYPE: F ROOF ASSEMBLY @ HALLWAY

1-HOUR ASSEMBLY

UL DESIGN NO. L501

TYPE: G BASEMENT FLOOR ASSEMBLY

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

11 7/8" TJI

3-1/2" SOUND ATTENUATING BATT

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

2x6 WD JOISTS

6" SOUND ATTENUATING BATT

2x4 CEILING FRAMING

25 MSG RESILIENT CHANNEL

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

11 7/8" TJI

CELLULOSE INSULATION

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

16" TJI

CELLULOSE INSULATION

5/8" GWB TYPE C

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

2" POLY ISO

5/8" TAPED OSB

CELLULOSE INSULATION

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

25 MSG RESILIENT CHANNEL

TAPERED POLYISO INSULATION (1" MIN)

2" POLYISO INSULATION

3/4" T&G ROOF DECK

11 7/8" TJI

FIRE CLASS A .060 FULLY ADHERED EPDM

MEMBRANE

GREEN ROOF (SEE A103 FOR DTLS)

1/2" RECOVERY BOARD

TAPERED POLYISO INSULATION (1" MIN)

2" POLYISO INSULATION

3/4" T&G ROOF DECK

FIRE CLASS A .060 FULLY ADHERED EPDM

MEMBRANE

GREEN ROOF (SEE A103 FOR DTLS)

1/2" RECOVERY BOARD

4" CONCRETE SLAB

4" MIN GRAVEL

1
 H

O
U

R 2
 H

O
U

R

1
 H

O
U

R

1
 H

O
U

R

2x6 WD JOISTS

CELLULOSE INSULATION

5/8" GWB TYPE C

2
'-
0
"

1
'-
3
 1

/2
"

1
'-
6
 5

/8
"

1
'-
1
1
 5

/8
"

1
'-
2
 3

/8
"

1
'-
1
0
 7

/8
"

1/2" TAPED ZIP SHEATHING

2" POLYISO

5/8" EXTERIOR GRADE GWB

1
 H

O
U

R
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WALL FRAMING PLANS

1LEVEL 2 WALL FRAMING  PLAN
SCALE - 1/4" = 1'-0"

N

HWR basement thru 4th
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Hot Water flow meter Hot Water flow meter

Hot Water flow meter

Hot Water flow meter
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W2

W1

HOT up to 3rd/4th
COLD up to 3rd/4thW3 W4

HOT up to 3rd/4th
COLD up to 3rd/4th

Hot Water flow meter

Hot Water flow meter

HOT down to 1ST floor

COLD down to 1ST fl

Hot Water flow meter

DHW METERING

Ground-Sourced Heat Pump
(Geo-thermal)

HEATING/COOLING
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CENTRALIZED GEOTHERMAL SYSTEM

- Leak in the refrigerant lines; system must be 
shut down for 1-5 days to find and fix

- VRF heat pumps seized in summer of 2020 from “clogging” of 
internal heat exchanger, causing shut down of entire building for 

4 WEEKS: parts took weeks to order

- Geo wells are pulling up EXTREMELY dirty water, 
which meant needing to put QUADRUPLE the amount

of filtration from original design; requires daily maintenance;
clogging causing required flow rate of 80GPM to be HALFED…

- Geo wells are stratifying, NOT bringing in 55 degree water
but more like 68 degrees

- Very difficult to BALANCE the balanced ventilation system

- Hot water flow meter data irrelevant; VRF downloadable data on individual 
unit refrigerant use is unusable; complicated energy monitoring

system was expensive and ultimately unreliable

- ZERO redundancy: need to literally buy TWO of everything: extra heat pumps, extra
flat plate heat exchanger in case of failure
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HEATING/COOLING

IMPLIES CENTRALIZED 
SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering

The House at Cornell Tech, Roosevelt Island, NYC, PHI certified; Handel Architects LP

Semi-Centralized VRF (one per floor)

Air-Sourced Heat Pump
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One Meter
Ground-Sourced Heat Pump
(Geo-thermal)

Air-Sourced Heat Pump

HOT WATER

CENTRALIZED
SYSTEMS

IMPLIES CENTRALIZED 
SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering

The Battery, PHIUS + Certified, 2017, DHW tanks for 25 units



HOT WATER
SANDEN
- SEMI- Decentralized
- Heat pumps on roof
- FAST recovery time: less storage 
- ALL Tanks located on 4th floor

4TH FLOOR

INITIAL Domestic Hot Water Strategy: CENTRALIZIED

HOT WATER:
CENTRALIZED vs SEMI-CENTRALIZED



RECIRCULATION LOOP

HOT WATER SUPPLY TO UNITS 

OUTDOOR HEAT PUMPS

STORAGE TANKS 

HOT WATER
HOT WATER
SANDEN
- SEMI- Decentralized
- Heat pumps on roof
- FAST recovery time: less storage 
- ALL Tanks located on 4th floor

INITIAL Domestic Hot Water Strategy: CENTRALIZIED



FINAL Domestic Hot Water Strategy: FOLLOW THE VENT STACK!!
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STORAGE TANKS STORAGE TANKS STORAGE TANKS 

HOT WATER: SEMI-CENTRALIZED

FINAL Domestic Hot Water Strategy: FOLLOW THE VENT STACK!!



2ND -4TH FLOORS

RHEEM HPWH
- ½ PRICE!!
- ½” the piping/heat loss
- Located in basement
- Free cooling/dehumidification basement
- No heat pumps on roof
- Proven technology

HOT WATER

FINAL Domestic Hot Water Strategy: SEMI-CENTRALIZED



2ND -4TH FLOORS

RHEEM HPWH
- ½ PRICE!!
- ½” the piping/heat loss
- Located in basement
- Free cooling/dehumidification basement
- No heat pumps on roof
- Proven technology

“Pipe-in-Pipe”

PIPE-IN-PIPE Recirculation Loop Strategy

HOT WATER



“Pipe-in-Pipe”

Recirc Pump                   

Copper Hot water 
supply line to apartments

PVC Recirc line 

Hot water returns to recirc

PIPE-IN-PIPE Recirculation Loop Strategy

HOT WATER



2 – 80 gallon HPWH for 6-7 Apartments

HOT WATER



Copper Flats: 88 units

COPPER FLATS
2009 N Howard Street
Philadelphia, PA 19122

GREEN ROOF STORMWATER MANAGEMENT
SUPER INSULATED WALLS AND WINDOWS
AIR TIGHT CONSTRUCTION
SOLAR PV ELECTRICITY GENERATION
ELECTRIC CAR CHARGING STATIONS

GREEN FEATURES

JOHNNY@ONIONFLATS.COM
ONIONFLATS.COM

CONTACT:
JOHNNY McDONALD

FEDERAL QUALIFIED OPPORTUNITY ZONE
10-YEAR TAX ABATEMENT APPROVED

ZONING+USE PERMIT IN-HAND
BUILDING PERMIT IN-HAND:
 ARCHITECTURAL PLANS
 GEOTECHNICAL ENGINEERING
 STRUCTURAL ENGINEERING
 DESIGN-BUILD MEP

INCENTIVES + APPROVALS

SHEET 1_R

On behalf of Onion Flats, the McDonald Group is pleased to present 
the opportunity to acquire property with approved development 
plans2009 N Howard Street. The 17,815 SF site is located in the 
Kensington neighborhood of Philadelphia, just one block west of the 
Fishtown neighborhood and one block south of Norris Squar.  The 
site is has easy access to transit on the Market-Frankford line, with 
the Berks el stop one block to the south.

Onion Flats has designed an 88-unit project on the IRMX zoned 
site. The by-right project is fully entitled, with  Zoning+Use and 
Building Permits already in hand.  The property is in a Federal 
Qualified Opportunity Zone and has already recieved approval for 
the City of Philadelphia’s ten-year Tax Abatement.

Copper Flats is 80 residential units and 8 bi-level artist studios 
designed to be a PHIUS+ Certified, Net Zero Energy project. The 
project consists of  two 4-story structures with frontages on Hope 
Street and Howard Street with 26 covered surface parking stalls at 
the site interior.  A green roof and 120 kW PV canopy tops off both 
structures.

The 450sf 1-bed “micro-units” are designed to feel more spacious 
than the sf belies with translucent glass interior doors and walls 
between living and bedroom space, and exterior balconies on all 
units for a more expansive experience.  The development includes 
private storage space in the basement as well as ground level 
interior bicycle storage.

Site Area:  17,815 sf  
Development Area: 64,295 GSF
Base Zoning:  IRMX
Asking Price:   $4,500,000

HOT WATER: HORIZONTAL STRATEGY WITH OFF-THE-SHELF HPWH



HOT WATER: HORIZONTAL STRATEGY WITH OFF-THE-SHELF HPWH
Supply air from Minotair

Ducted Exhaust duct from 
2 water heaters dumping 
cold air halfway down 
corridor

In-line fan to move tempered air to end of corridor
300 cfm in-line fan for water heater exhaustMinotair dedicated to hallway only 

Supply air 
register

Supply air register
Exhaust air 
register

Supply air to water heaters
Through vents in 
wall/doors



Copper Flats: 88 units

HOT WATER: HORIZONTAL STRATEGY WITH OFF-THE-SHELF HPWH

One exhaust duct from each HPWH Minisplit for tempering hallway4 – 80 gal HPWH per floor



HOT WATER: HORIZONTAL STRATEGY WITH OFF-THE-SHELF HPWH
½” supply twig to each apt

Recirc return loop

Recirc pump

Hot water supply must run 
down CENTER of hallway
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One Meter
ERV/HRV - Centralized
VENTILATION

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering



ERV/HRV - Centralized
VENTILATION

The House at Cornell Tech, PHI certified
Centralized roof-mounted ERV



ERV/HRV – Semi Centralized

The Whitehall, Semi Centralized  Ventilation System

VENTILATION



Roof: Curb for ERVsThe Battery, PHIUS + Certified, 2017; 77 KW “BIFACIAL” PV ARRAY WITH ONE METER



Balanced/Centralized Ventilation, 2 Ventacity 2000cfm ERVs
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Balanced/Centralized Ventilation, 2 Ventacity 2000cfm ERVs
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One Meter

The Battery, PHIUS + Certified, 2017; 77 KW “BIFACIAL” PV ARRAY WITH ONE METER

SOLAR

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering



s

One Meter

The Battery, PHIUS + Certified, 2017; 77 KW “BIFACIAL” PV ARRAY WITH ONE METER

SOLAR

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering

$169/SF















CAPITAL FLATS / THE BATTERY - KEY TAKEAWAYS 

2020-2021

83% BETTER THAN CODE BLDG

EUI:



s

One Meter

FRONT FLATS, 2019; 176 KW “BIFACIAL” PV ARRAY on façade AND ROOF  WITH ONE METER

SOLAR

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering





$180/SF









FUNCTIONS OF SOLAR VEIL

- Renewable energy generation
- Sun shading device
- Visual privacy device





CONSUMPTION
131,648 kWh/yr

PRODUCTION
156,698 kWh/yr

PROJECTED 20% MORE THAN NEEDED



RESIDENTIAL 
CONSUMPTION

138,501 kWh/yr

SOLAR 
PRODUCTION

165,260kWh/yr

OFFICE/STORAGE 
CONSUMPTION
30,402 kWh/yr

TOTAL BUILDING
CONSUMPTION
168,904 kWh/yr

NET POSITIVE
RESIDENTIAL 
ENERGY PRODUCTION
26, 758 kWh/yr

PROJECTED
131,648 kWh/yr

PROJECTED
156,698 kWh/yr

MONITORED ACTUAL 2020 
CONSUMPTION/PRODUCTION

PROJECTED
25,050 kWh/yr

Total
Solar Building

2020 Generation Usage
Month kWh kWh
Jan 12,207 9,819
Feb 11,346 9,106
Mar 15,290 9,412
Apr 14,797 9,124
May 15,290 10,065
Jun 18,708 17,237
Jul 16,156 21,471
Aug 13,866 21,706
Sep 15,411 17,411
Oct 12,262 15,399
Nov 11,749 14,593
Dec 8,177 13,562

Total 165,260 168,904



RESIDENTIAL 
CONSUMPTION

138,501 kWh/yr

SOLAR 
PRODUCTION

165,260kWh/yr

OFFICE/STORAGE 
CONSUMPTION
30,402 kWh/yr

TOTAL BUILDING
CONSUMPTION
168,904 kWh/yr

NET POSITIVE
RESIDENTIAL 
ENERGY PRODUCTION
26, 758 kWh/yr

PROJECTED
131,648 kWh/yr

PROJECTED
156,698 kWh/yr

UTILITIES AS REVENUE

$40/month x 28 x 12 =

$13,440.00

26,758 kWh x $.12=

$3211.00

$16,651.00
ADDITIONAL 
REVENUE

PROJECTED
25,050 kWh/yr



FRONT FLATS, 2019; 176 KW “BIFACIAL” PV ARRAY on façade AND ROOF  

s

One MeterMONITORING 
VS METERING

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering



ELECTRICITY
IN and OUT

MAIN
SWITCH

APT
FEEDS

TENANTS CHARGED 
FLAT UTILITY FEE OF

$40/month

MONITORING 
VS METERING



The Battery, PHIUS + Certified, 2017; 77 KW “BIFACIAL” PV ARRAY WITH ONE METER

MONITORING 
VS METERING



PV OUTMAIN
SWITCH

APT
FEEDS

APT
CTs

ELECTRICITY
IN

TENANTS CHARGED 
FLAT UTILITY FEE OF

$50/month

MONITORING 
VS METERING



s

One Meter

IMPLIES 
CENTRALIZED SYSTEMS

• Centralized 
heating/cooling

• Centralized Hot water

• Centralized ventilation

• One solar array

• Monitoring vs metering

The Battery, PHIUS + Certified, 2017; Overall building consumption and electricity production 

MONITORING 
VS METERING



INCENTIVIZE +
EDUCATE

MONITORING 
VS METERING



WHO’S WHO???

INCENTIVIZE +
EDUCATE

MONITORING 
VS METERING



BACK-UP POWER: STORAGE



BACK-UP POWER: STORAGE



DEMAND CHARGE

!!!!

BACK-UP POWER: STORAGE



BACK-UP POWER: STORAGE

100 kWh storage: $145,000 98 kWh storage:  $70,000



BACK-UP POWER: STORAGE

100 kWh storage: $145,000

Home Energy System
x Storage

98 kWh storage:  $70,000
….and it’s a truck!!!



BACK-UP POWER: STORAGE

100 kWh storage: $145,000

Home Energy System
x Storage

135 kWh storage:  $80,000
….and it’s a truck!!!
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1. No need to own a car (car as appliance)
2. Building charges car
3. Car charges building
4. Car sharing income stream

135 kWh batteries
13 Cars
1755 kWh TOTAL STORAGE
REDUCED DEMAND CHARGE AND OFF-GRID

STORAGE

BI-DIRECTIONAL 
CHARGER

5 trucks: 675 kWh
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One Meter

• Less cost and space required for 
electric meters (one)

s

• Potential over-use of energy by 
tenants if “Incentive/Penalty” 
program is not put in place by 
owner.

• No coordination with tenants 
needed in order to perform 
routine maintenance on 
Centralized systems (clean or 
replace filters 3-4 times per year)

• Owner pays distribution charges 
on only one meter

• Owner receives the benefit of the 
solar electricity generation

• Less penetrations in envelope and 
less filter maintenance on 
Centralized ventilation system

• When a Centralized system needs 
repair, all tenants may be without an 
essential service 

• Owner has more management 
costs related to billing tenants

• Fire dampers required on 
ventilation supply and returns as 
they pass through the horizontal 1 
hour assembly unless ERV/HRVs are 
located on each building floor 
serving only that floor

PROS CONS

CENTRALIZED
SYSTEMS



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

Multiple Meters

IMPLIES 
DE-CENTRALIZED 

SYSTEMS

DE-CENTRALIZED
SYSTEMS



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

• Ventilation (Individual 
ERV/HRV in each unit)

• Hot Water (Individual 
Heat Pump water heaters 
in each unit)

• Heating/Cooling (Individual 
Mini-split heat pumps 
within each unit, one 
condenser per unit

Multiple Meters

IMPLIES 
DE-CENTRALIZED 

SYSTEMS

DE-CENTRALIZED
SYSTEMS



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

• Ventilation (Individual 
ERV/HRV in each unit)

• Hot Water (Individual 
Heat Pump water heaters 
in each unit)

• Heating/Cooling (Individual 
Mini-split heat pumps 
within each unit, one 
condenser per unit

Multiple Meters

IMPLIES 
DE-CENTRALIZED 

SYSTEMS

• Solar array per unit

Top: Stables Townhomes, bottom: Belfield Townhomes, PHI Certified 2012



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

Multiple Meters

IMPLIES 
DE-CENTRALIZED 

SYSTEMS

• Monitoring vs metering

Belfield Townhomes, PHI Certified 2012, Circuit-by-circuit monitoring 

• Ventilation (Individual 
ERV/HRV in each unit)

• Hot Water (Individual 
Heat Pump water heaters 
in each unit)

• Heating/Cooling (Individual 
Mini-split heat pumps 
within each unit, one 
condenser per unit

• Solar array per unit



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

PROS

• Owner is not managing 
or paying for utilities, 
tenants are.

• If one system needs 
maintenance, the rest 
of the tenants are 
unaffected.

• Simplified ductwork 
piping and fire 
protection.

No Trunk Lines or Fire Dampers

Multiple Meters



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

CONS

• Coordination challenge of 
maintenance with all tenants 
because systems are often 
inside their units. 

• Requires more maintenance for 
owner. 

• Filters in HVAC & DHW systems 
need to be maintained 3-4 per 
year.

Multiple Meters



Hot Water (Individual 
Heat Pump water heaters 
in each unit)

Heating/Cooling 
(Individual Mini-split heat 
pumps within each unit, 
one condenser per unit

CONS

TYPICAL DOUBLE LOADED CORRIDOR
Multiple Meters

• Coordination challenge of 
maintenance with all tenants 
because systems are often 
inside their units. 

• Requires more maintenance for 
owner. 

• Filters in HVAC & DHW systems 
need to be maintained 3-4 per 
year.

• HVAC / DHW equipment takes up 
space in apartments (+ cold air!)
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Less Distance = More 
Efficiency

Multiple Meters

• Coordination challenge of 
maintenance with all tenants 
because systems are often 
inside their units. 

• Requires more maintenance for 
owner. 

• Filters in HVAC & DHW systems 
need to be maintained 3-4 per 
year.

• Two punctures in the envelope per 
ERV/HRV (1 supply and 1 exhaust 
for each unit) - labor intensive & 
potential for air leakage. 

• HVAC / DHW equipment takes up 
space in apartments (+ cold air!)

• >Distance = <Efficiency

CONS



Multiple Meters

Hanac Corona Senior Residence, NYC, PHI Certified;  ERV located on outside wall….AEA

s

• Coordination challenge of 
maintenance with all tenants 
because systems are often 
inside their units. 

• Requires more maintenance for 
owner. 

• Filters in HVAC & DHW systems 
need to be maintained 3-4 per 
year.

• Two punctures in the envelope per 
ERV/HRV (1 supply and 1 exhaust 
for each unit) - labor intensive & 
potential for air leakage. 

• HVAC / DHW equipment takes up 
space in apartments (+ cold air!)

• >Distance = <Efficiency

CONS



3’ MIN. 10’ MIN.

Multiple Meters
Exhaust

Supply



10’ distance between 
exhaust and supply

DOB Special Permission Solution

Curtis + Ginsberg Architects LLP, Park Avenue Green, NYC



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Ventilation Hot Water

Multiple
Meters

One
Meter

STEP #2
Define your Systems Path

Heating/Cooling

Carbon
Neutral CENTRALIZED SYSTEMS

DE-CENTRALIZED SYSTEMS



STEP #1
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One
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DE-CENTRALIZED SYSTEMS
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One
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STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Ventilation Hot Water

Multiple
Meters

One
Meter

Heating/Cooling

Air
Sourced

Centralized Ventilation

Centralized VRF

Semi- Centralized Ventilation

Semi-Centralized VRF

De-Centralized Ventilation

De-Centralized
Mini-split

Carbon
Neutral

Ground
Sourced

CENTRALIZED SYSTEMS

DE-CENTRALIZED SYSTEMS



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Ventilation Hot Water

Multiple
Meters

One
Meter

Heating/Cooling

Air
Sourced

Centralized Ventilation

Centralized VRF

Centralized with 
Outdoor Unit

Semi- Centralized Ventilation

Semi-Centralized VRF

De-Centralized
Indoor 

De-Centralized Ventilation

De-Centralized
Mini-split

Carbon
Neutral

Ground
Sourced

CENTRALIZED SYSTEMS

DE-CENTRALIZED SYSTEMS



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Multiple
Meters

One
Meter

Ventilation Hot WaterHeating/Cooling

Carbon
Neutral CENTRALIZED SYSTEMS

DE-CENTRALIZED SYSTEMS



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Multiple
Meters

One
Meter

Ventilation
Hot Water

Heating/Cooling

ALL-IN-ONE???
NO OUTSIDE

CONDENSER???

Carbon
Neutral
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Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Multiple
Meters

One
Meter

Ventilation
Hot Water

Heating/Cooling

ALL-IN-ONE???
NO OUTSIDE

CONDENSER???
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Neutral



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Multiple
Meters

One
Meter

Ventilation
Hot Water

Heating/Cooling

THE ILLUSIVE “MAGIC BOX”

Hot Water

Ventilation

Heating/Cooling

ALL-IN-ONE???
NO OUTSIDE

CONDENSER???

Carbon
Neutral



STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

YES

Multiple
Meters

One
Meter

Ventilation
Hot Water

Heating/Cooling

THE ILLUSIVE “MAGIC BOX”

Hot Water

Ventilation

Heating/Cooling

ALL-IN-ONE???
NO OUTSIDE

CONDENSER???

Carbon
Neutral













BELFIELD TOWNHOUSES: 2010-2012



BELFIELD TOWNHOUSES: 2010-2012



STABLES  2015: 27 townhomes



Basement Mech room



Basement Mech room

EXHAUST

SUPPLY



Basement Mech room



MODULAR

EXHAUST

SUPPLY



Second Floor level interior

DUCT SHAFT



FRONT FLATS  2019: 28 units and Office 

- 28 Apartments (300-500sf)
- 24,141 sf
- R34 walls, panelized system
- R 54 roof/floors
- DE-Centralized VentilationERV
- DE-Centralized heating/cooling
- SEMI-Centralized Hot Water
- Centralized Electric Metering
- 174 kw PV array 
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Marcel Duchamp's door at Rue Larrey
that is both open and closed

1927
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2ND-4TH FLOORS

N

Decentralized HVAC



2ND-4TH FLOORS

N

Decentralized HVAC



2ND-4TH FLOORS

N

HEATING, COOLING, VENTILATION, DEHUMIDIFICATION
MINOTAIR
- Decentralized
- Combination ERV, heating, cooling, dehumidification
- Condenser self-contained
- No separate HVAC needed for hallways

Decentralized HVAC



2ND-4TH FLOORS

N

HEATING, COOLING, VENTILATION, DEHUMIDIFICATION
MINOTAIR
- Decentralized
- Combination ERV, heating, cooling, dehumidification
- Condenser self-contained
- No separate HVAC needed for hallways

EXHAUSTSUPPLY

Common Area HVAC strategy

Fire Damper



Common Area HVAC strategy



HVAC Closet merged with Kitchen cabinetry



Interior



Interior



Interior



Interior



5th FLATS: Philadelphia, 16 units, 1 commercial space

De-Centralized Strategies



5th FLATS: Philadelphia, 16 units, 1 commercial space

De-Centralized Strategies



5th FLATS: Philadelphia, 16 units, 1 commercial space

GROUND FLOOR

De-Centralized Strategies



5th FLATS: Philadelphia, 16 units, 1 commercial space

Minotair Closet

GROUND FLOOR

De-Centralized Strategies



5th FLATS: Philadelphia, 16 units, 1 commercial space

2-4 FLOORS

De-Centralized Strategies



5th FLATS: Philadelphia, 16 units, 1 commercial space

2-4 FLOORS

Minotair Closet

De-Centralized Strategies



DATA

633-35 N. 5th Square Footage 13,911

Preliminary Bid # of Units (res) 16
September 29, 2021 Bathrooms 16.0

Commercial 473

SCOPE TOTAL ALLOWANCES

Demolition $0 Elevator $0

Foundation $124,908 Green Roof $0

Underpin $0 Windows/Doors $100,400

Shoring $9,000 Communications $8,000

Structual Steel $104,090 Tile Material $19,200

Framing material $250,398 Floors Material $36,694

Framing labor $90,422 Glass - shower doors $10,400

Roof (TPO) $25,600 Countertops $28,800

Roof deck $0 Cabinetry $72,000

Solar Panels $0 Appliances $56,000

Exterior Iron Work $11,000 Electrical Fixtures $9,600

Brick $70,400 Plumbing Fixtures $25,600

Metal Clad $62,400
Glazed Tile Exterior $43,200
Concrete Deck $0
CMU $0
Windows $74,100
Entry Doors $20,800
Garage Door $5,500
Commercial Glass $15,500
Elevator $0
Trash Chute $0
Water Service $24,500
Mechanical $110,500
Electrical $171,000
Plumbing $168,000
Fire Suppressant $99,000
Fire Alarm $12,000
Communications $8,000
Insulation $34,778
Insulation - Steel $0
Drywall $83,466
Gypcrete (Sound) $20,753
Concrete Flat $21,600
Painting $23,198
Stairs/ Landings $25,600
Mill Work $55,644
Tile material $19,200
Tile labor $24,000
Floors material $36,694
Floors Labor $20,968
Glass (shower doors) $10,400
Cabinetry (kitchen/vanity) $72,000
Countertops $28,800
Railings - Interior handrails $12,800
Plumbing Fixtures $25,600
Electrical fixtures $9,600
Appliances (inc W/D) $56,000
Hardware $6,400

Site Conditions $27,822
General Conditions/Punch $69,555
General Contractor Fees $200,000

TOTAL $2,385,195

5th FLATS: Philadelphia, 16 units, 1 commercial space

BUDGET

- 13,911 SF
- 16 UNITS
- $2.4 MILLION BUDGET
- $172 SF

De-Centralized Strategies



……CURRENT PROJECTS: MID-STREAM SHIFT IN HVAC STRATEGIES……  

COPPER FLATS
2009 N Howard Street
Philadelphia, PA 19122

GREEN ROOF STORMWATER MANAGEMENT
SUPER INSULATED WALLS AND WINDOWS
AIR TIGHT CONSTRUCTION
SOLAR PV ELECTRICITY GENERATION
ELECTRIC CAR CHARGING STATIONS

GREEN FEATURES

JOHNNY@ONIONFLATS.COM
ONIONFLATS.COM

CONTACT:
JOHNNY McDONALD

FEDERAL QUALIFIED OPPORTUNITY ZONE
10-YEAR TAX ABATEMENT APPROVED

ZONING+USE PERMIT IN-HAND
BUILDING PERMIT IN-HAND:
 ARCHITECTURAL PLANS
 GEOTECHNICAL ENGINEERING
 STRUCTURAL ENGINEERING
 DESIGN-BUILD MEP

INCENTIVES + APPROVALS

SHEET 1_R

On behalf of Onion Flats, the McDonald Group is pleased to present 
the opportunity to acquire property with approved development 
plans2009 N Howard Street. The 17,815 SF site is located in the 
Kensington neighborhood of Philadelphia, just one block west of the 
Fishtown neighborhood and one block south of Norris Squar.  The 
site is has easy access to transit on the Market-Frankford line, with 
the Berks el stop one block to the south.

Onion Flats has designed an 88-unit project on the IRMX zoned 
site. The by-right project is fully entitled, with  Zoning+Use and 
Building Permits already in hand.  The property is in a Federal 
Qualified Opportunity Zone and has already recieved approval for 
the City of Philadelphia’s ten-year Tax Abatement.

Copper Flats is 80 residential units and 8 bi-level artist studios 
designed to be a PHIUS+ Certified, Net Zero Energy project. The 
project consists of  two 4-story structures with frontages on Hope 
Street and Howard Street with 26 covered surface parking stalls at 
the site interior.  A green roof and 120 kW PV canopy tops off both 
structures.

The 450sf 1-bed “micro-units” are designed to feel more spacious 
than the sf belies with translucent glass interior doors and walls 
between living and bedroom space, and exterior balconies on all 
units for a more expansive experience.  The development includes 
private storage space in the basement as well as ground level 
interior bicycle storage.

Site Area:  17,815 sf  
Development Area: 64,295 GSF
Base Zoning:  IRMX
Asking Price:   $4,500,000

Linden: 32 units Madison, WI

Switch from Ephoca to mini-splits

Copper Flats: 88 units Phila, PA

Switch from Minotair to mini-splits

Fairweather: 600 units Salem, MA

Switch from Ephoca to Centralized HEX



COPPER FLATS
2009 N Howard Street
Philadelphia, PA 19122

GREEN ROOF STORMWATER MANAGEMENT
SUPER INSULATED WALLS AND WINDOWS
AIR TIGHT CONSTRUCTION
SOLAR PV ELECTRICITY GENERATION
ELECTRIC CAR CHARGING STATIONS

GREEN FEATURES

JOHNNY@ONIONFLATS.COM
ONIONFLATS.COM

CONTACT:
JOHNNY McDONALD

FEDERAL QUALIFIED OPPORTUNITY ZONE
10-YEAR TAX ABATEMENT APPROVED

ZONING+USE PERMIT IN-HAND
BUILDING PERMIT IN-HAND:
 ARCHITECTURAL PLANS
 GEOTECHNICAL ENGINEERING
 STRUCTURAL ENGINEERING
 DESIGN-BUILD MEP

INCENTIVES + APPROVALS

SHEET 1_R

On behalf of Onion Flats, the McDonald Group is pleased to present 
the opportunity to acquire property with approved development 
plans2009 N Howard Street. The 17,815 SF site is located in the 
Kensington neighborhood of Philadelphia, just one block west of the 
Fishtown neighborhood and one block south of Norris Squar.  The 
site is has easy access to transit on the Market-Frankford line, with 
the Berks el stop one block to the south.

Onion Flats has designed an 88-unit project on the IRMX zoned 
site. The by-right project is fully entitled, with  Zoning+Use and 
Building Permits already in hand.  The property is in a Federal 
Qualified Opportunity Zone and has already recieved approval for 
the City of Philadelphia’s ten-year Tax Abatement.

Copper Flats is 80 residential units and 8 bi-level artist studios 
designed to be a PHIUS+ Certified, Net Zero Energy project. The 
project consists of  two 4-story structures with frontages on Hope 
Street and Howard Street with 26 covered surface parking stalls at 
the site interior.  A green roof and 120 kW PV canopy tops off both 
structures.

The 450sf 1-bed “micro-units” are designed to feel more spacious 
than the sf belies with translucent glass interior doors and walls 
between living and bedroom space, and exterior balconies on all 
units for a more expansive experience.  The development includes 
private storage space in the basement as well as ground level 
interior bicycle storage.

Site Area:  17,815 sf  
Development Area: 64,295 GSF
Base Zoning:  IRMX
Asking Price:   $4,500,000

Copper Flats: 88 units Phila, PA

Switch from Minotair to mini-splits and ERVs

……CURRENT PROJECTS: MID-STREAM SHIFT IN HVAC STRATEGIES……  



MINOTAIR 
PENTACARE V12 UNIT 
ABV CLOSET; 
PROVIDE HINGED 
ACCESS PANEL ON (1) 
SIDE PER MANUF. 
RECOMMENDATIONS

LOWHIGH

BATHROOM
KITCHEN

LIVING ROOM

BEDROOM

EXTERIOR WALL 
GRILLES W/ BIRD 
SCREEN

INSULATE DUCTWORK 
FROM MINOTAIR TO 
EXT. WALL, SEE 
M/E/P/FP SUMMARY

TURN DOWN IN 
WALL CHASE

EXHAUST

SUPPLY

SUPPLY

ELECTRIC DUCT 
HEATER

CORRIDOR

EXHAUST

1HR RATED WALL

FIRE DAMPERS 
NEEDED FOR 
ALL DUCTS?

8" DUCT W/ 2" INSUL

7' - 6 1/2"

7' - 1"

7' - 1"

EXTERIOR WALL 
GRILLES W/ BIRD 
SCREEN

MINOTAIR PENTACARE 
V12 UNIT ABV CLOSET; 

PROVIDE HINGED 
ACCESS PANEL ON (1) 

SIDE PER MANUF, 
RECOMMENDATIONS

EXHAUST 
DUCTWORK FROM 
BATHROOM + 
KITCHEN

SUPPLY DUCTWORK 
TO BEDROOM + 

LIVING ROOM

ONION FLATS 
ARCHITECTURE

1942 N FRONT STREET
PHILADELPHIA, PA 19122
(215) 426-6466

ONIONFLATS.COM MINOTAIR-1NORTHERN LIGHTS GROUP
COPPER FLATS

05/23/22
MINOTAIR DIAGRAM

1/4" = 1'-0"
3

LEVEL 2_RCP - APT 208 HOWARD
4

3D-SCOPE-HOWARD-APT 208 1

SUPPLY AIR

RETURN AIR

SUPPLY AIR 
FROM EXT (HIGH)

RETURN AIR TO 
EXT (LOW)

DUCT CHASE

7'-1" AFF SOFFIT

CORRIDOR
MECH.

APT 213 HOPE

7'-1" AFF CEILING

ONION FLATS 
ARCHITECTURE

1942 N FRONT STREET
PHILADELPHIA, PA 19122
(215) 426-6466

ONIONFLATS.COM MINOTAIR-3NORTHERN LIGHTS GROUP
COPPER FLATS

05/23/22
MINOTAIR DIAGRAM 3

1/4" = 1'-0"
1

HOPE ST TYP ALT MINOTAIR-UNIT 213

EXHAUST AIR

EXHAUST AIR

Copper Flats: 88 units Phila, PA

Switch from Minotair to mini-splits and ERVs
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Ductless Mini-split

Panasonic ERV

Copper Flats: 88 units Phila, PA

Switch from Minotair to mini-splits and ERVs

MINOTAIR 
PENTACARE V12 UNIT 
ABV CLOSET; 
PROVIDE HINGED 
ACCESS PANEL ON (1) 
SIDE PER MANUF. 
RECOMMENDATIONS

LOWHIGH

BATHROOM
KITCHEN

LIVING ROOM

BEDROOM

EXTERIOR WALL 
GRILLES W/ BIRD 
SCREEN

INSULATE DUCTWORK 
FROM MINOTAIR TO 
EXT. WALL, SEE 
M/E/P/FP SUMMARY

TURN DOWN IN 
WALL CHASE

EXHAUST

SUPPLY

SUPPLY

ELECTRIC DUCT 
HEATER

CORRIDOR

EXHAUST

1HR RATED WALL

FIRE DAMPERS 
NEEDED FOR 
ALL DUCTS?

8" DUCT W/ 2" INSUL

7' - 6 1/2"

7' - 1"

7' - 1"

EXTERIOR WALL 
GRILLES W/ BIRD 
SCREEN

MINOTAIR PENTACARE 
V12 UNIT ABV CLOSET; 

PROVIDE HINGED 
ACCESS PANEL ON (1) 

SIDE PER MANUF, 
RECOMMENDATIONS

EXHAUST 
DUCTWORK FROM 
BATHROOM + 
KITCHEN

SUPPLY DUCTWORK 
TO BEDROOM + 

LIVING ROOM

ONION FLATS 
ARCHITECTURE

1942 N FRONT STREET
PHILADELPHIA, PA 19122
(215) 426-6466

ONIONFLATS.COM MINOTAIR-1NORTHERN LIGHTS GROUP
COPPER FLATS

05/23/22
MINOTAIR DIAGRAM

1/4" = 1'-0"
3

LEVEL 2_RCP - APT 208 HOWARD
4

3D-SCOPE-HOWARD-APT 208
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FAIRWEATHER DANVERS FAIRWEATHER PEABODYFAIRWEATHER BEVERLYFAIRWEATHER SALEM

Fairweather: 600 units Salem, MA

Switch from Ephoca to Centralized HEX
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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: 600 units Salem, MA

Switch from Ephoca to Centralized HEX
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HVAC/DHW SYSTEMS

+

+
+ or

1.

2.

3.

+ or4.

+ or5.

Fairweather: 600 units Salem, MA

Switch from Ephoca to Centralized HEX



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: 

Initially chosen as best strategy



HVAC/DHW SYSTEMS: 

FINAL chosen strategy



HVAC/DHW SYSTEMS: 

MAIN REASONS FOR SHIFT:
1. Concern over untested Ephoca unit in this climate
2. Concern over total cost of Ephoca unit
3. Minimal interior work with HEX system
4. Ventilation from outside so tenants are not interrupted
5. Relocation of tenants would cost over $1million



Linden: 32 units Madison, WI

Switch from Ephoca to mini-splits

IN COLLABORATION WITH
Knothe Bruce Architects
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Linden Avenue  Page 4                                                          July 2022 

Conditioning & Ventilation System: Apartment Multifunction Heat Pump/Ventilator 

Heating, Cooling, and Ventilation will be provided by a multi-function heat pump 
ventilator in each apartment. No equipment is required on the roof for the 
apartments, all heat rejection is done through the exhaust stream. Fresh air and 
Exhaust air to the outside are ducted to louvers on the exterior of the building, 
exhaust from the apartment is ducted to the bathrooms, and supply air is ducted 
to the living spaces. The unit heats, cools and ventilates in a single packaged unit 
located in a closet near the exterior wall.  

Apartment Sizing: 

Basis of design for the (10) 1 bedroom and (11) efficiency apartments is a 
multifunction HVAC Unit are the vertically mounted EPHOCA AIO Vertical Stack 
with a capacity of 45 CFM ventilation air and 8,565 Btu/hr cooling load and 1,800 
W of electric backup heat. 

Basis of design for the (15) 2 bedroom multifunction HVAC Unit are the vertically mounted 
EPHOCA AIO Vertical Stack with a capacity of 60 CFM ventilation air and 8, 565 Btu/hr 
cooling load and electric backup heat. 2 Bedroom units will require supplemental heating 
and cooling utilizing a wall mounted EPHOCA AIO indoor with internal ERV and 900 W 
strip heat. The upstairs for the split level apartments will require a supplemental bathroom 
exhaust fan to provide code required exhaust from the bathrooms.  

Alternate #1: For alternate #1, the second bedrooms in 2-BR units will be conditioned by 
ducted air from the AIO Vertical Stack unit, and the wall mounted unit will be eliminated. 

MULTIFUNCTION HVAC UNIT MULTIFUNCTION HVAC UNIT 

*NOTES: 
- Initially looked at Minotair but 

Ephoca is more efficient at colder 
temps

- Ephoca has built-in “passive” ERV 
core, Minotair has ”active” ERV
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 ONE BEDRROM HVAC SCHEMATIC 
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 TWO BEDROOM HVAC SCHEMATIC TWO BEDROOM HVAC SCHEMATIC EFFICIENCY HVAC SCHEMATIC 



……CURRENT PROJECTS: MID-STREAM SHIFT IN HVAC STRATEGIES……  
 

Linden Avenue  Page 6                                                          July 2022 

 

 ONE BEDRROM HVAC SCHEMATIC 
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 TWO BEDROOM HVAC SCHEMATIC TWO BEDROOM HVAC SCHEMATIC EFFICIENCY HVAC SCHEMATIC 

EQUIPMENT COSTS AFTER FREIGHT (from Italy), total cost: $9000/unit
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REPLACE WITH PANASONIC ERV AND MINISPLITS: SAVED $250,000.00



s

Multiple Meters

PROS

• Tenants pay their own utilities.
• Simplified ductwork piping and 

fire protection.
• Much easier to “balance” and 

commission than Centralized 
system

• If one system needs 
maintenance, the rest of the 
tenants are unaffected.

DE-CENTRALIZED
SYSTEMS s

• Coordination challenge of 
maintenance with all tenants 
because systems are often 
inside their units. 

• Requires more maintenance for 
owner. 

• Filters in HVAC & DHW systems 
need to be maintained 3-4 per 
year.

• Two punctures in the envelope per 
ERV/HRV (1 supply and 1 exhaust 
for each unit) - labor intensive & 
potential for air leakage. 

• HVAC / DHW equipment takes up 
space in apartments (+ cold air!)

• >Distance = <Efficiency

CONS
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STEP #3
Define your Envelop Path
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4
BUILDING SECTION

1/8" = 1'-0"

3

A502

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR

T.O. SHEATHING

28' - 6"

3RD FLOOR

T.O. SHEATHING

19' - 0"

2ND FLOOR

T.O. SHEATHING

9' - 6"

1ST FLOOR

T.O. SHEATHING

0' - 0"

BASEMENT

- 10' - 11 5/8"

AVG GRADE

0' - 0"

PARAPET

MAX HEIGHT

42' - 0"

PILOT HOUSE

MAX HEIGHT

48' - 0"

SOLAR CANOPY

MAX HEIGHT

50' - 0"

ROOF

T.O. SHEATHING

38' - 0"

4TH FLOOR
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HORIZONTAL ASSEMBLIES

3/4" = 1'-0"
TYPE: A TYP FLOOR ASSEMBLY

1-HOUR PARTITION

UL DESIGN NO. L570

STC 66

2x4 CEILING FRAMING

TYPE: B FLOOR ASSEMBLY @ HALLWAY

1-HOUR PARTITION

UL DESIGN NO. L501

TYPE: C FLOOR ASSEMBLY OVER BASEMENT

2-HOUR PARTITION

UL DESIGN NO. L538

TYPE: D FLOOR ASSEMBLY EXTERIOR CEILING TYPE: E TYP ROOF ASSEMBLY

1-HOUR ASSEMBLY

UL DESIGN NO. L570

TYPE: F ROOF ASSEMBLY @ HALLWAY

1-HOUR ASSEMBLY

UL DESIGN NO. L501

TYPE: G BASEMENT FLOOR ASSEMBLY

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

11 7/8" TJI

3-1/2" SOUND ATTENUATING BATT

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

2x6 WD JOISTS

6" SOUND ATTENUATING BATT

2x4 CEILING FRAMING

25 MSG RESILIENT CHANNEL

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

11 7/8" TJI

CELLULOSE INSULATION

5/8" FINISH FLOOR

1/2" HOMOSOTE

3/4" T&G SUBFLOOR

16" TJI

CELLULOSE INSULATION

5/8" GWB TYPE C

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

2" POLY ISO

5/8" TAPED OSB

CELLULOSE INSULATION

(2) LAYERS 5/8" GWB TYPE C

25 MSG RESILIENT CHANNEL

25 MSG RESILIENT CHANNEL

TAPERED POLYISO INSULATION (1" MIN)

2" POLYISO INSULATION

3/4" T&G ROOF DECK

11 7/8" TJI

FIRE CLASS A .060 FULLY ADHERED EPDM

MEMBRANE

GREEN ROOF (SEE A103 FOR DTLS)

1/2" RECOVERY BOARD

TAPERED POLYISO INSULATION (1" MIN)

2" POLYISO INSULATION

3/4" T&G ROOF DECK

FIRE CLASS A .060 FULLY ADHERED EPDM

MEMBRANE

GREEN ROOF (SEE A103 FOR DTLS)

1/2" RECOVERY BOARD

4" CONCRETE SLAB

4" MIN GRAVEL
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1/2" TAPED ZIP SHEATHING

2" POLYISO

5/8" EXTERIOR GRADE GWB
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1 1/2" 25 GA "C-H" STL STUDS

1" GYPSUM SHAFT LINER PANEL

5/8" GWB TYPE C

1 1/2" 25 GA "C-H" STL STUDS

1" GYPSUM SHAFT LINER PANEL

6 MILL POLYETHYLENE

 VAPOR BARRIER

1x3 HORZ WD FURRING

5/8" GWB

5/8" GWB

TYPE: H CARPORT FLOOR

CONTINUOUS LIQUID APPLIED WATER

PROOFING

4" MAX TOPPING SLAB

6 1/2" CONC. SLAB ON 16 GA 2" COMP
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BUILDING SECTIONS

AIR BARRIER



Roof

Walls

Slab

STEP #3
Define your Envelop Path

Roflex Gasket K-flex GasketTescon Vana Gasket

AIR BARRIER



Roof

Walls

Slab

STEP #3
Define your Envelop Path

WINDOWS, DOORS

Sacred Heart Residences, Pennrose Properties, Kitchen & Ass., WRT PH Consultant: Window detailing and performance 

- Triple pane, Thermally-broken
- Tilt & Turn, UPVC
- U-values 0.16 - 0.18
- Liquid Flashing System
- Expanding Foam Tape



Roof

Walls

Slab

STEP #3
Define your Envelop Path

WINDOWS, DOORS

Sacred Heart Residences, Pennrose Properties, Kitchen & Ass., WRT PH Consultant: Doors require a great deal of consideration  

- Aluminum frames
- Thermally broken frames
- Double pane glazing, verified with PHPP
- U-value 0.24, SHGC 0.39
- American doors avoided conflicts with 

electronic hardware



Sacred Heart Residences, Pennrose Properties, Kitchen & Ass., WRT PH Consultant: foundation challenges

CONVENTIONAL CONSTRUCTION

Roof

Walls

Slab SLAB ON GRADE



Hillcrest Senior Residences: Notice NO SUB-SLAB insulation!!, conventional foundation, thermal analysis

CONVENTIONAL CONSTRUCTION

Roof

Walls

Slab SLAB ON GRADE



Hillcrest Senior Residences: Notice NO SUB-SLAB insulation!!, conventional foundation, thermal analysis

CONVENTIONAL CONSTRUCTION

Roof

Walls

Slab SLAB ON GRADE



The Whitehall, PHI Certified  2017, Mission First Housing: Prefabricated foundation system, Buildsmart

PREFABRICATION
Roof

Walls

Slab SLAB ON GRADE



G OLOGIC: Typical Slab edge detail  

PREFABRICATION
Roof

Walls

Slab SLAB ON GRADE



s

PROS

• Cost Effective
• With prefabricated forms, a 

monolithic pour of 
footing/foundation and slab is 
possible

• Conventional construction skills

The Whitehall, PHI Certified  2017, Mission First Housing

Roof

Walls

Slab SLAB ON GRADE



s

PROS

• Cost Effective
• With prefabricated forms, a 

monolithic pour of 
footing/foundation and slab is 
possible

• Conventional construction skills

s

CONS

• No basement for storage or 
utilities

• All sub-grade services (plumbing, 
electric) need to be precisely 
located

The Whitehall, PHI Certified  2017, Mission First Housing

Roof

Walls

Slab SLAB ON GRADE



BASEMENT

Roof

Walls

Slab



South Point, Innova Development services

BASEMENT

Roof

Walls

Slab



The Battery, PHIUS + Certified, 2017: Basement OUTSIDE of the thermal envelop

BASEMENT

Roof

Walls

Slab



The Battery, PHIUS + Certified, 2017: Basement OUTSIDE of the thermal envelop

BASEMENT

Roof

Walls

Slab



s

PROS

• Space for storage and utilities
• Can have basement INSIDE or 

OUTSIDE of the thermal envelop
• Conventional construction skills

s

CONS

• Expensive, especially if 
basement is INSIDE thermal 
envelop

BASEMENT

Roof

Walls

Slab



DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



Above: wall section of Edgewaterhaus, Green design Studio, Double stud wall with air barrier on INTERIOR
Right: 475 detailing of double stud wall with Intello plus air-barrier membrane on interior, Mento WRB on exterior 

*Air-Barrier on INTERIOR

DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



Above: wall section of Edgewaterhaus, Green design Studio, Double stud wall with air barrier on INTERIOR
Right: Health Net Zero  

SITE BUILDDOUBLE STUD
I-JOISTS

Roof

Walls

Slab



Above: wall section of Edgewaterhaus, Green design Studio, Double stud wall with air barrier on INTERIOR
Right: Ecocor, prefabricated I-JOIST wall system.  

PREFABRICATION

DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



Above: wall section of Edgewaterhaus, Green design Studio, Double stud wall with air barrier on INTERIOR
Right: Ecocor, prefabricated I-JOIST wall system for Gerard Haus.  

PREFABRICATION

DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



VAPOR OPEN
- Dense-packed cellulose/fibre-glass in cavity
- Rigid insulation on exterior fully open drying potential
(Rockwool, Gutex, cork…)

Diagrams by Ecocor

DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



s

PROS
• Less global warming potential 

for non-foam insulations used
• Insulation maintains R-value in 

extreme temperatures
• Manages moisture through 

dispersion and diffusion

s

CONS
• Expensive intelligent 

membranes: labor and materials
• Interior Air-Barrier difficult and 

costly to detail
• Not common construction and 

therefore significant training 
required

• Construction sequencing issues

DOUBLE STUD
I-JOISTS

Roof

Walls

Slab



STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab



SITE BUILD

Hillcrest Senior Residences: Typical wall/floor connection

STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab



SITE BUILD

Sacred Heart Residences, Pennrose Properties, Kitchen & Ass., WRT PH Consultant: SITE BUILD WALLS

STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab



PREFABRICATED

STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab

The Battery, PHIUS + Certified, 2017: Buildmart prefabricated wall system, windows/doors installed

- 2X6 Stud wall
- Cellulose in cavity
- OSB Air-barrier
- 3.5” EPS Insulation
- Zip panel WRB
- Triple pane windows



PREFABRICATED
Under roof in ONE MONTH!

STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab

The Battery, PHIUS + Certified, 2017: Buildmart prefabricated wall system, windows/doors installed



“The Perfect Wall”, Building Science Corp

STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab

VAPOR CLOSED
- Dense-packed cellulose, spray foam, fibre-glass in cavity: Vapor in cavity 
drys to the INSIDE
- Rigid insulation on exterior (Typical: polyisocianurate, EPS, XPS, Rockwool)



STUD WALL W/
EXTERIOR 

INSULATION

Roof

Walls

Slab

s

PROS
• Most Cost Effective
• Air Barrier is on OUTSIDE, which 

reduces penetrations
• Everyday framing techniques, 

little training needed
• With prefabrication, quality 

control is greatly enhanced

s

CONS
• Exterior insulation adds costs 

and labor
• Some foams degrade in R-value 

over time.



Roof

Walls

Slab

PITCHED



Roof

Walls

Slab

PITCHED

The Whitehall, PHI Certified  2017, Mission First Housing: Critical air barrier juncture at ceiling

CONTINUOUS
AIR BARRIER



Roof

Walls

Slab

PITCHED

s

PROS
• Cost Effective roof system
• Everyday framing techniques, 

little training needed
• Pitch of roof to be used for 

maximizing solar PV pitch
s

CONS
• Limited aesthetic possibilities
• Need for additional layer for air 

barrier, most costly 



Roof

Walls

Slab

FLAT



Roof

Walls

Slab

ROOF SHEATING
DOUBLES AS 
AIR BARRIER FLAT

The Battery, PHIUS + Certified, 2017: FLAT ROOF, green roof, roof sheathing doubles as Air Barrier



Roof

Walls

Slab

ROOF SHEATING
DOUBLES AS 
AIR BARRIER FLAT

The Battery, PHIUS + Certified, 2017: FLAT ROOF, green roof, roof sheathing doubles as Air Barrier



Roof

Walls

Slab

ROOF SHEATING
DOUBLES AS 
AIR BARRIER FLAT

The Battery, PHIUS + Certified, 2017: FLAT ROOF, green roof, roof sheathing doubles as Air Barrier



s

PROS
• Air Barrier to double as roof 

sheathing, cost effective
• Widens aesthetic possibilities
• Has potential for green roof and 

stormwater management
• Ease of installation, most cost 

effective

s

CONS
• More costly water proof 

membranes compared to 
asphalt shingles

Roof

Walls

Slab

FLAT



STEP #3
Define your Envelop Path

Roof

Walls

Slab

STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

NO

YES

Wynne Senior Residences - 4 Stories, 51 Units, 44,000 SF
• Multi Meter
• Decentralized Heating / Cooling: Ducted Mini Split
• Decentralized ERVs
• Centralized Gas DHW
• Centralized Electric Dryers
• Site Built Foundation and 2x6 Wall Systems w/Exterior Insulation
• Flat Roof

STEP #2
Define your Systems Path

NZE
Carbon
Nuetral



STEP #3
Define your Envelop Path

Roof

Walls

Slab

STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

NO

YES

The Whitehall - 3 Stories, 49 Units, 43,000 SF
• Multi Meter
• Decentralized Heating / Cooling: Ducted Mini Split
• Decentralized DHW: 50 gal HPWH/Unit
• Centralized ERV
• Centralized Gas Dryers
• Prefabricated Build Smart Foundation and Wall Systems
• Pitched Roof

STEP #2
Define your Systems Path

NZE
Carbon
Nuetral



STEP #3
Define your Envelop Path

Roof

Walls

Slab

STEP #1
Define your Energy Path

High 
Performance 
Multi Family 
Affordable 

Housing

NO

YES

The Battery - 4 Stories, 25 Units, 17,000 SF
• SINGLE Meter: ALL-ELECTRIC BUILDING
• Centralized Heating / Cooling: Geothermal, Non-Ducted Mini Split
• Centralized DHW: Geothermal
• Centralized ERV
• De-Centralized Heat Pump Dryers
• Basement with Build Smart Wall Systems
• Flat Roof

STEP #2
Define your Systems Path

NZE
Carbon
Nuetral



SEAN ARMSTRONG: seanarmstrongpm@gmail.com





















IN SUMMARY…….

1. Encourage Prefabrication, it  WORKS!
2. Encourage Vertical Integration, it WORKS!
3. KISS: Keep It Simple Stupid
4. Educate tenants/owners on systems and utilities
5. Leverage utility savings to build more housing!!
6. HFA’s should incentivize Passive House MORE 

than other sustainable standards
7. Require ALL-ELECTRIC BUILDINGS
8. Include PV + PH as part of your capital stack
9. Policy over Pilot Projects!



Tim McDonald
tim@onionflats.com

215.783.5591Co-developed by David Salamon

THANK YOU!!!

Multifamily Developer Bootcamp

mailto:tim@onionflats.com

