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Learning Objectives

1.Participants will identify cost effective envelope enclosures and
mechanical systems for multi-family net zero projects.

2.Participants will understand and use a proven, replicable energy modeling
and financial analysis methodology for determining the most cost effective
high-performance strategies and what level of energy performance is the
most cost effective for building owners and managers.

3.Participants will understand the differences in NZE and Passive House
Certification and the applicabillity, including benefits and liabllities, for
multifamily housing projects.

4.This session will increase participants ability to select and successfully
pursue and achieve NZE and Passive House



Project Team

* Twin Pines Housing - Owner
 Maclay Architects - Architect
* Engineering Services of Vermont - MEP

* Engineering Ventures — Civil, Structural ENGINEERING
 GP| - Landscape Architects 3 VENTURES FP¢

» Estes & Gallup — Contractor
* Eco Houses of Vermont — PHIUS modeler -

 Norwich Solar — Solar installer/consultant
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Who is Twin Pines Housing?

« Upper Valley's leading developer and provider

of Affordable Housing.
0 417 Rentals at 19 Properties
= 161in VT
= 256 in NH
o 48 Homeownership Properties
= Twin Pines is permanent steward
o Over 1,000 people are housed

« 20-member staff with expertise in project

development, property management, and
resident support services.

Twin Pines Team at Safford Commons
Woodstock, VT

Serving the Upper
Valley since 1990



Tracy Community Housing

West Lebanon, NH
A new 3-story, net-zero, passive house, residential building to
iInclude:
« 29 one- and two-bedroom
units for all ages and incomes.
* 18 units for households below
50% of AMI, 11 units for
households below 60% of AMI.
* Building adjacent to Kilton
Library, on Advance Transit
bus line.




Site Plan

e Infill INn West Lebanon



Site Plan
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2nd/3rd Floor Plan
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Why Net Zero and Passive House?

As an organization, we are striving to develop a more energy
efficient portfolio;

Our housing typically includes heat and hot water in the rent.
Controlling energy costs benefits our organization and our
residents;

Serves as model for future development

Extra funding points for NZ or PH



Net Zero Building Metrics

PERFORMANCE METRICS

(without process loads)

PRESCRIPTIVE METRICS

Air Infiltration -
Maximum 0.05
cfm/sf @ 50
Pascals




Key Elements

Conservation + High-Efficient Renewables
Systems
Energy Use Intensity Heat Pumps Usually Photovoltaics

(EUI) (COP 2.3-3.0) (sized for annual load)



Passive House Metrics

Energy Model Targets:

PH Annual Heating
Peak Heating

Passive House Institute US Annual Cooling
Peak Cooling

Source Energy / person for residential
PHIUS review

Construction:

3'd party verified built as constructed

0.05 cfm50/sf gross envelope

Interior containment between apartments



Why PHIUS?

Climate Specific Targets

PH

Passve House Institute LIS

Lebanon Municipal Airport, NH

Climate Zone 6

Annual Heating Demand 6.9 kBtu/sf-ICFA-yr
Annual Cooling Demand 1.8 kbtu/sf-ICFA-yr
Peak Heating Load 5.2 Btu/sf-ICFA-h
Peak Cooling Load 4 Btu/sf-ICFA-h

Manual J Peak Cooling Load 5.7 Btu/sf-iICFA-h



Key Decision Timeline

« Site Identification Spring 2016

15t Funding application Ssummer 2016- not funded
* Revised Site Winter 2017

« 2"d Funding application Summer 2017

* NZE target for additional funds
« Financing enabled extra $10,000/unit adjusted for NZ or PH

e Construction Manager hired Winter 2017
« Solar Coordination/Consultation Summer 2017
* Funding Secured Winter 2018
« Construction begins Summer 2018
* PHIUS exploratory model| Summer 2018

* PHIUS Certification pursued Fall 2018



Why NZ first then PH?

* NZ Energy conservation is almost passive house
* NZ further reduces operational costs compared to code
« Minimal certification fees for same funding incentives



Design for Net Zero

Wall — 2x6 cellulose +4" polyiso

(R38)

Roof - 11" polyiso (R60)

Sub-slab — 5" r

19

id insulation (R20)

Windows — U-value 0.22, SHGC

0.41

Air infiltration - 0.05 cfm50/sf
gross envelope

Air Source Heat Pumps
Electric hot water

PANEL CORNICE
BRACKETBY G.C.

FIBER CEMENT SIDING ON
PROPRIETARY CLIP SYSTEM,
FASTENED TO 2x STRAPPING

ELEV.=130-8 1/4"

CORRUG .METAL SIDING W/ CONCEALED
FASTENERS ON GALV. STEEL Z-FURRING, 3"
DEEP, FASTENED TO 2x WOOD STRAPPING

§' TYPE X' GYPSUM BOARD CONTINUOUS -
TO UNDERSIDE OF ROOF SHEATHING — -

TRUSS BEARING
ELEV.=127'41/4"

TYPICAL WOOD-FRAMED WALL, EXTERIOR
PARTITION TYPE A (OUTSIDE TO IN)
- SIDING AND TRIM VARIES (FIBER CEMENT SHOWN)
- 1x4 P.T. STRAPPING FASTENED TO STUDS W/ SIP SCREWS |
- WATER BARRIER MEMBRANE
- 4" RIGID INSULATION BOARD (R-22 C.L.}
- EXTERIOR PLYWOOD SHEATHING® (SEE STRUCTURAL)
WITH JOINTS AIR-SEALED
-2x6 STUDS AT 16" O.C., U.N.O.
- DENSE-PACK CELLULOSE-FILLED CAVITIES (R-20)
-§' TYPE X' GYPSUM WALL BOARD (BY ALTERNATE -
FIBERGLASS MAT FACED GWB)
* AT WEST WALL WHERE INDICATED, SUBSTITUTE §* FIRE CODE
EXTERIOR GLASS MAT-FACED GYPSUM SHEATHING
(PARTITION TYPE B - 1 HR. FIRE RATED, EXPOSURE BOTH SIDES)

8
AB.3
FLOOR 1 FINISH SLAB
ELEV. = 100-0"

FINISH GRADE, MORE THAN L

8" BELOW FLOOR ELEVATION B

FRAMING ELEV. = 136'0"

NV

SOLAR PANELS AND MOUNTING SYSTEM BY PV DESIGN/BUILD
CONTRACTOR; SEE 1/A8.1 FOR DELINEATION OF WORK SCOPE

TYPICAL ROOF ASSEMBLY (TOP TO BOTIOM)
e ~ EMEBRANE-ROOEH
- COVER BOARD, ' THICK

-§ PLYWOOD SHEATHING W/ JOINTS AIR-SEALED
- OPEN WEB TRUSSES (SEE STRUCTURAL)
-§' HAT CHANNELS @ 16' O.C. ON ACOUSTIC CLIPS @ 48 O.C.

-§' GYPSUM BOARD

48" H, PRESSURE-TREATED PLYWOOD,

ADVANTECH OR ZIP SHEATHING, TYP.

48" H. TERMITICIDE SPRAY APPLIED TO
FRAMING AND SHEATHING, TYP.

— IYPICAL CONCRETE FLOOR ASSEMBLY

- 4" CONCRETE SLAB (SEE STRUCTURAL

- 15 MIL UNDERSLAB VAPOR RETARDER

- §" THICK RIGID INSULATION BOARD (R-20)
ADD 2" THICKNESS (R-28 TOTAL) BY BID
ALTERNATE

- 3/4" CRUSHED STONE, 8" DEEP, MIN.

- GRAVEL BASE (SEE STRUCTURAL)

TYPICAL CONCRETE WALL BELOW GRADE

(OUTSIDE TO INSIDE]
= PROTECTION BOARD

- DAMPPROOFING

- CONC. FOUNDATION WALL

- 5" RIGID INSULATION B, (R-20) m
FOOTING DRAIN - SEE CIVIL =




Design for Net Zero

 Solar system size — 110% predicted

e Solar location —
* Roof
« Cornice
 Facade
* Arbors
« Carports



Design for NetZero .=+ ..~ . = .+

« 180 kW DC solar - By 1 A
» Roof - 85 kW, S \
ballasted system == e
Cornice — 50 kW - ~ Ll JgEl L L L L = 1]
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South Facade- 24 kW
conduit, penetrations
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Estimated production
196,000 KWh/yr



Design for Net Zero

« Solar Inverter and electrical panel size needs
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SOLAR POWER INVERTERS AND SAFETY UNITS: 8 40" X 80" X §" HDPE METER
SPECIFICATION, QUANTITY, LAYOUT AND INSTALLATION AB3 PACK MOUNTING BOARDS.
BY PV DESIGN/BUILD CONTRACTOR. COORDINATE ) COORDINATE EQUIPMENT
METERING WITH ELECTRICAL ENGINEER W/ ELECTRICAL AND SOLAR
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Design for Net Zero

« Heat Pump changes 12 to 38
rooftop units

12 unit layout —-maximizes solar

38 unit layout visible from street and reduces solar area



Design for Passive House


laura
Line

laura
Line


Design for Passive House

 Ventilation-same
eguipment, extension
needed to bedrooms

 Window SHGC
Increase to 0.41 from
0.2 — No cost change



Financial Analysis Methodology

INPUTS OUTCOMES

e Energy Consumption e Capital and operating

e INcreased Capital Costs for costs over time
Efficiency

e Capital Cost for PV
e FiNnancing Assumptions



Energy Consumption

Code: Really that low? No air barrier testing required
Actual: 2?7



Capital
Costs for NZ
Over Code

under $8/sf



Increased Net Zero Cost



Financial Analysis — Financial Assumptions

INPUTS

* Interest Rate - varies
 Loan Duration — 20 years
* Fuel Escalation Rate — 5%
« Y“solar plateau™ at year 13

* (0% escalation from yr 13- -
20)

« Nominal Inflation rate equals
the nominal discount rate
therefore 0% used

Image: Vermont Fuel Price 2003-2014



1. TPH Scenario

(financed)
0/ ; $440,000 $610,000
2.375% Interest rate Saving over Saving
20 years over 20
« 20-year loan years

« Weighted average of
TPH loans for $1M of
project cost

« Assume all additional
capital is loaned

« Solar same loan



$610,000
Saving
over 20
years



2. Typical

Construction
fi d $380,000 $460,000
( inance ) Saving over Saving
. 20 years over 20
4.625% Interest years
rate

« 20-yearloan

 Assume all additional
capital is loaned

« Solar same loan



A

\4

$460,000
Saving over
20 years



3. NO

Financing 500,000 750,000
. over 20 e 55
0% Interest rate years

years



$730,000
Saving
over 20
years



PHIUS Certification Status

 Model completed - Eco Houses of Vermont January 2019

Round 1 PHIUS - 2 months

Revisions to model based on feedback

Round 2 PHIUS - 6 weeks

Revisions to model based on feedback

Round 3 PHIUS
o 4 weeks

9 Data state/results @ |Show wamings

Heating demand:

Cooling demand:

Heating load:

Cooling load:

SOUrce energy:.

Site energy:
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Passive House Rater/ Verifier

* Goal is to start early — not always possible

» Certification often does NOT work out* if CPHC
and/ or Rater are not involved early (before DD)
« Exceptional case with exceptional team
* Net Zero design made it possible
*NH vs. VT - able to provide Rater services through
VEIC outside of VT

* or results in higher cost



