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Learning Objectives

O Recognize the benefits of different system approaches through a comparison of two
similar sized affordable housing projects designed to Passive House standards.

O Apply communication tools, derived from lessons learned between architects and
engineers, to arrive at the best system selections for the project’s domestic hot water
and ventilation systems.

Q Identify specific details for energy modeling in THERM to guide the best location for
insulation and to mitigate thermal bridging and moisture problems.

Q Get familiar with the challenges of mechanical system locations and deciding if solar
thermal fits within the project goals with review of case studies evaluating the pros
and cons of different options.



37 Wales

Project Details:

Passive House designed

20 units — 2,3 bedrooms

4.5 stories — 26,600 GSF

EUl = 14.6 (modeled)

Finalizing Construction Documents
100% affordable @ 30% AMI or less
Community room

Supportive Housing Services on site




Factors:
« MOH (DND)/DHCD* put

performance requirements on — W N3 | B
above and beyond code A = s
 Maintenance efficiency and b @ | .’ %
durability important with the : |
type of residents they serve

» Operating costs

*MOH = City of Boston — Mayor’s Office of Housing previously the Department of Neighborhood Development
DHCD = Mass. Department of Housing and Community Development
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E+ Highland

Project Details:
126 kW PV system (108% of energy use)
EUI of -0.8
23 units — 1,2,3 bedrooms
5 stories — 30,200 sf + 6,800 sf parking
100% affordable (30 + 60% AMI)
Art gallery/community room

LIHTC credits/city/state funded

Passive House Pre-Certification in-process
ILFI* Affordable Housing Pilot Program

City of Boston E+ Green Building Program

*ILFI = International Living Future Institute
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Changes in Policies And Guidelines — City of Boston

Carbon Neutral by 2050

Mayor s office of Housing (MOH, formerly DND)
Zero Emissions Building (ZEB) standards
«  All electric
«  CO2 target budget of 0.7-1.1 tons/person/year, or 1800kWh
per person annually
+  Guidelines are based on Passive House Standards

Carbon Neutral Building Assessment
« All electric

Boston Climate Resiliency Checklist

Article 37
« LEED certifiable

E+ Green Building Program (optional)
 Energy positive
«  All electric

No Parking Minimums on Affordable Housing projects
*  Must have 60% affordable units



Project Roadmap

Project Development Team

| Central Systems

_'; VRF/VRV HP’s

Lloads on “House”

) Meter
(Renewables more viable)

Larger Mech
| rooms inside

building required

:__. .__. — _1 ...........

| Lorger-Lec’rricol

Dedicated Systems :

“1to 17 Systems |—

Larger Electrical |
Loads on “Unit”
Meter

(Renewables less viable)

More area for |
me.ch equipin
units required

. Define Project Market Goals;
« Apartment Rental Units Vs. Home Ownership.
« Initial Market approach and timeframe will impact how the MEPFP
Requirements

2. Determine basis of design for HVAC & Ventilation systems;
«  Central vs. Dedicated ERV's
«  Central vs. Dedicated DHW
«  Central vs. Dedicated Heating/Cooling System

3. Define On-Site Renewable Energy & Utility Metering Req’s;
«  Central DHW Systems = Solar Thermal Potential
«  Solar PV On Site = “Net-Metering” to Offset House Elec Loads

4. Integrate HVAC, DHW and Utility Systems Infrastructure

within project Architecture;
By determining Building facilities early in project, Owner, Designer and
Engineering teams can reduce redesign and gain efficiency from project
conception to completion



Project Roadmap — Central Systems

Larger Electrical loads on house panels = Larger elec.
load to offset with PV array

« Central DHW systems allow the integration of sustainable
features such as Solar Thermal DHW Production on site.

* As Central HVAC Systems will be powered from the
House panels, the Owner will be responsible for larger
portion of operating costs. Control systems allow
Management teams to remotely control and monitor
fenant energy consumption on site.

* Central systems will likely require additional common
space/rooms depending on system selections. The
location and size of supportive spaces for Electrical,
HVAC, DHW equipment, as well as mechanical shafts
and ceiling cavities will impact how systems are
integrated within project.
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Project Roadmap — Dedicated Systems

 Smaller Electrical Loads on House = Owner is
limited for larger Solar PV/Thermal system
integration (Smaller “Common” or House Loads)

With each Dwelling Unit having independent DHW
& HVAC Systems, more interior space within the
Unit will be required to support the MEPFP systems.
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 Dwelling Unit MEP systems powered from the local
Unit panels, which will result in larger Unit
electrical panels/space requirements.

 Dedicated Heat Pump or Condenser Systems may
require more exterior space for service/clearance
compared to Central VRF/VRV equipment.
Multiple systems may result in more building
penetrations for dedicated refrigerant piping,
control wiring and power wiring to serve each b 1
respective HP ynit. 37 Wales




Tools: Questionnaire & Working Sessions

CLIENT RESPOMSES

*  Please use Yellow Highlighter text to indicate that the action item has been finalized/confirmed.
This will represent a final determination/direction for us to incorporate within the project scope.

*  Please use RED text to edit this word document with your responses regarding any additional
clarification, question or comment you have for NSE.

*  NSE will use Green text for responses for initial questions as well as any new items/questions
proposed by your team.

*  NSE will use _ to represent critical path items, as well as to prompt further
responses as we coordinate items.

Please add the date for each revision and start by indicating who responded or added a question.
(eg: Studio G - Month/Day/Year)

Based on our conversations to date NSE has highlighted initial assumptions and determinations. Please
review the highlighted items and comment/revise as required.

General

1. Dwelling Units are to be Condos or Rental?

2. |s Energy Star certification a project requirement, Yes/No? Certification will not be required but
compliance with Energy Star is required.

3. Will LEED certification be part of the project, Yes/No? Certification will not be required but
compliance with LEED Platinum is required.

4. Is Passive House (PHIUS) a requirement for this project, Yes/No? PHIUS+2018 requires Indoor
AirPlus, DOE SER home.

5. Is Net Zero a requirement for this project, Yes/MNo?

6. Is Power Positive a requirement for this project, Yes/No?

7. Will commissioning be used beyond the IECC 2018 & Pre-requisite LEED requirements, Yes/No?

8. Are there any accessible apartments, Yes/No? A minimum of (1)3bed, (1)2bed, and (1)1bed will be
accessible units.

9. Is the intent that all apartments will be group-1 adaptable, Yes/No? Apartments that are notina

Group 2 stack will be Group 1. That is 11 units which are all 2 bedroom units. 9 units will be sized to
be adaptable Group 2 units.



ools: Open Source Specs for High Performance Buildings

https://linneansolutions.com/passive-house-specifications

https:/ /kalinassociates.com/resource/phius-2022-education-session/

014525-air tightness testing requirements-PHIUS 2021
018115-passive house requirements-PHIUS 2021

E+ HIGHLAMD STREET Sludio G Architects.
273 Highland Sirest, Roxbury, MA Seplember 30, 2021

SECTION 018115
PAZSIVE HOUSE REQUIREMENTS

PART 1 - GENERAL

11

A

GEMNERAL PROVISIONS

Attention is directed to the CONTRACT AND GEMERAL COMDITIONS and all Sections within
DIVISION 01 - GENERAL REQUIREMENTS which are hereby made & part of this Saction of the
Specifications.

DESCRIPTION OF WORK

Waork Included:  General requirements and procedures for compliance with Passive House
Standards. Comply with the following:

Passive House PHIUS+ 2018 certification or PHIUS+ Core certification.

International Living Future Institute (ILFI} Zerc Energy certification,

US DOE Zero Energy Ready Homes (ZERH)

US EPA Enengy Star Multifamily Mew Construction (MFMC) or New Homes v3.1,

US EPA Indoor airPLUS cerifications

US EPA WaterSense Certified Homes and the Guide for Efficient Hat Water Delivery
Massachusetts Streich Energy Code.

O

Related Work: The following items are not included in this Section and will be performed undar
the designated Sections:

1. Secton 011000 - GENERAL REQUIREMENTS for general submilial procedures, project
meetings, and olher reguirements,

2 Section 014330 - MOCKUPS for exterior mockups related (o passive house requirements,

3 Seclion 014525 - AIR TIGHTNESS TESTING REQUIREMEMNTS for olher lesling
reguirements

4, Section 018110 - SUSTAINABLE DESIGN REQUIREMENTS Tor olher suslainable design
carification requirements.

5. Section 019100 - GEMERAL COMMISSIONING REQUIREMENTS for other testing
requirements

6. Divisions 01 through 49 Seclions for passive house requirements spacific to the work of
sach of these Sections. Requirements may or may not include referance to passive house
standards.

PERFORMANCE RECGUIREMENTS
Passive House Air Tighinessa:

1 Indmvidual Unit Air Tightness for Residential Units (Comparimentalization), Air Leakage:
0.30 CFMS50 per sq. fl. of unit enclosure area, or less, demonstrated through blower door
testing performed by the FHIUS+ Varifier.

2. Whala Building Air Tightness: Demonsirated through a blower door test parformed by the
PHIUS+ Verifier, at one of the following rates, or less:

a,  At50 Pascals: 0,06 CFMS0 per sg, fl. of building enclosure area,
b, ALTS Pascals: 0,08 CFMTS per sg.ft of building enclosure area

PASSIVE HOUSE REQUIREMENTS
0M815-1



https://linneansolutions.com/passive-house-specifications
https://kalinassociates.com/resource/phius-2022-education-session/
https://kalinassociates.com/wp-content/uploads/2022/01/014525-air-tightness-testing-requirements-PHIUS-2021.docx
https://kalinassociates.com/wp-content/uploads/2022/01/018115-passive-house-requirements-PHIUS-2021.docx

Tools: Airtable + Trello

Research / Presenting / Project Management
« Sorting data

« Organizing products

 Tracking energy use

Airtable

FINISHES PLUMBING APPLIANCES/ELEV ~ [IIE ISl It WINDOWS DECLARE / RED LIST FREE LIGHTING ENVELOPE @ @ Boards Jjumpto.. Q
O views [ FINAL PRODUCTS & ~  @2hiddenfields = 1fiter [E Groupedbyifield It Sorted by ifield & Color Ml  [4 Share view ©) Board®  E+ Highland Street Trello workspace ' Free A Workspacevisible (£ é Gs (HP RLEL) | Invite Calendar Power-Up = # Automa
. a A= Manufacturer & Model = Appliance Type Status A Sayo.. * &= Ene.. A= wat.. &= co.. A Link £= Comments
Q Find a view 2 I v Research -~ [ LEED guidelines -~ [ ILFI CORE Requirements -« | PHIUS tasks = | Numbers to Remember
. .
- Where can we use Carbon Cure? - - - Registration information: Update energy model - 3/15 update would recommend that the duct is
B3 Grid view : o N . = wrapped with 1” min insulation to
B3 FINAL PRODU... » o AP;M:& :E — Stany Count 1 Window research questions: prevent condensation, etc from
ishwasher  (From Energy Star) - R becoming an issue later on. | would
B et - : = carry a min clearance of 18°18" for a
3 Summit - DW243555ADA Dishwasher BEST 260 kwh/year 234 KWhyyr 266 $819.00 hitps://wwws  ADA compliant . S
B whirlpool al/cycle Dimensions ummitapplian Lignung toowit square 16°x16” duct, but we can also
ripool (From Energy Star) gy St 320 o fg’talm = ! flatten the ductwork at the ceiling
Width: 225" o modelOw -Q e and use a 24"Wx10"H duct at the
Depth: 22.38" 243555ADA 2 = LEED water requirements T ceiling (which would nezd
5 @1 : 26"Wx12"H clearance).
|w|"“ - = @01 .
+ oo —8 =
+ Add a card = 8 g
= CORE standard
Lighting - ask these questions ﬁ Appliances numbers 6/8/2021
APPLIANCE TYPE @1 ® Q4 @1 _
¥ Washing Machine el =
Materials research: —
4 Speed Queen - COMMERCIAL Washing Machine BEST 116 44KWhiyr  MEF:22  IWF:40 WHITE §2,952.00 httpsi//speed 27 Inch Commercia - 5_/‘/ " o I PHIUS comments on model from
COIN BOX KWH/year, 12.68 Width: 26 7/8° gueencomme  Capacity, 1200 RPN P 'h,w“" PN CRIg: 6/9/2021 chat w/sayo
SENNCASP116TWO1 (PUMP) MEF 238 gal/cycle Depth: 27 3/4 rislcom/en-  Drop Installation, Ei SearcHs SR x =
SFNNCASG116TWO1 (GRAVITY) Height 40 7/16" us/products/f  Compliant fomber g g=Evergtiand
CARD ront-load-  htpsi//www.ajmadi
fances: PV Ibs/sf
SENNYASPT16TWO1 (PUMP)... washers-2/  bin/ajmadison/SEN Appliances: \pEds - ke
Create. v + @1 =
Elevators:
B erid + P ——— €101 Ecology of Place + Add a card = 8 ~
v i . | Count 1 =
A Form + Washing Machine  (From Energ) @1
[ calendar + 5 LG - GCWL1068™ ‘Washing Machine BEST 118 100 kwh/yr  MEF: 24 IWF: 4.0 STAINLESS  § https://wwwl 3.7 cu.ft Standard C [ Lot ~ 1y Fireproofing:
COMMERCIAL NON-HEATER FRONTLOAD | (0 ereroy star) KWH/year, KW/cycle: Consumptio  STEEL GIANT Washer g.com/global  Coin devices must | image.png =
B Gallery + WASHER MEF 238 0076 n: 13.8 gal (WxHxD) 29.5x41.9 x /busingss/was Inverter Direct Drivi @1 By
@ Kanban * 14 W“JZ’S'Eg—i = :::‘r:::;;:::r”; PHIUS model input targets
s + Add a card + Add a card = B + Add a card = B
B Gantt 4 Po + Atomizing & Twin §

e



https://airtable.com/tbl88NjBrCvCAKqmV/viwfp9Ao0XOKyat4E?blocks=hide
https://trello.com/b/mYdGha76/e-highland-street

Tools: THERM

T.O.
- - - 0
=T - Envelope Detail Improvements - Revised Detail at 50.4°F
BEDROOM ] HeaTH A JAN. MECH . ¥ o CEME ML Al
’ S N 1.0. FOL X _____,,_ “‘:‘“’ e -
:BEDROOM \\ fr;ATH
T.O.THI
soroom ||| Nere (L T ===
I\‘III'III T T ffllni T.O.SEC{
S — J— Unconditioned Gorage
= {1 I'F (Ground)
BEDROGM ~Jean AT e
- a i ) e QYUY B¢ Be o ua" Wi ALY S0
B Original Detail - 2" EPS along exterior face Modified Defail - 5" XPS ﬂllﬂﬂ'g exterior face Modified Detail at 50.4°F
=l - 2" XPS along interior face
H:TME - 5" XPS along underside of concrete slab

= - XPS along steel | beam connector plate

Best

“Psi value : Psi value :
0.055 0.302
BTU/hr.ft.F BTU/hr.ft.F

Choose details that address air sealing,
continuous insulation and potential
moisture challenges



Tools: WUFI Passive

WUFI Tracks overall energy use as well as:
 All the energy use of fans and motors
 Elevator energy use

* Internal Heat Gains and Heat Loss through pipes, etc

WUFI — more frequent modeling is better, changes add

up + informs systems decisions:

« Reduce window area = improvement

« 37 Wales - dialed in shading devices - for cooling
loads and buildability sweet spot

Building Envelope Metrics

[ECC 2018 DND Proposed Notes:
pEUI (Source) No Requirement Mo Requirement o ZHQ"J'% rfﬂﬁi,r:zrr:;:'
pEUI (Site) No Requirement Mo Requirement Net Positive
/\ based on WUFI Passive
Walls Rvalue: 13+3.8ci R value: 36 R value: 36 energy model per
PHIUS+2018 protocol
Roof R value: 30 ci R value: 60 R value: 60
/\ based on WUFI Passive
Slab/Floor R value: 10 R value: 21 R value: 20 energy model per
PHIUS+2018 protocol
/\ U value: 0.38 fixed based on WUFI Passive
Windows VS :es ) I;lnTe U value: 0.18-0.22 U value: 0.15 energy model per
49 operable PHIUS+2018 pratocol
0.24 CFM/B2
. 0.06 CFM/R2 0.06 CFM/ft2
m Airtightness @ ?.'5 Pa @ 50Pa @ 50Pa PHIUS+2018 protocol
optional
. T|‘|e_rmu| MNo Requirement Mo Requirement Thermal Bridge
Bridge Free

Mete: ¢i = centinuous insulafien, WWR = Window-to-wall Ratio



Tools: WUFI Passive

Space Cooling ~ DHW

Space

Pumps +
Heating

Fans

Loads

Appliances

Lighting

Misc. Elec Loads

400000

Key areas to save energy:

Fenewable

E+ Highland WUFI Energy Analysis

Mot renewahle

I Space heating

I space cooling

[ Hot water

P Awxiliary energyffans
Appliances

I Lighting

I Miscellaneous loads

I Renewable electricity production




Designing for Passive House: Integrated Strategies

Balanced Ventilation

® Keeps occupants
comfortable

® Saves energy

e Supplies good
indoor air quality

@ Air Tight Envelope
® Reduces drafty air
* Saves energy
e Healthier indoor air quality

{-- _
. . M!

* Improves daylighting
* Reduces energy use in
‘ heating/cooling

High Insulation @
® Reduces temperature

swings
® Provides better acoustics
® Saves energy
e Allows for smaller
mechanical systems

L —<

A

-
-~

@ High Performance Windows
® Reduces draft by window

® Reduces building overheating

e Saves energy

e Allows for smaller mechanical
systems




Designing for Passive House: Wall Sections

37 Wales - Roof = R60 E+ Highland - Roof = R60
- Walls =R37 _ - Walls = R37

- Slab = R20

- - Slab =R20
:—:::— - Windows = Uw=O]7 - - WlndOWS = UW=O]4'O]5
T — H ——
—+ N/ -
| _ FOURTH FLOOR e
=5 136" - 6" L = & | ~ _T.0. 4TH FLR PLYWD SHTG
— 4 | - = 82 -41/2°
_: E l_:- N Vot — GLASS FIBER REINFORCED ! I — 7_._£ !
AT — | X CONCRETE PLANKS - :—ZI — . V /| ?Fﬁ;(\a’;iﬁEER
= 1" AIR GAP AND SUSPENSION SYSTE ={ | 2 . I—= P
— 1 l — = Y E HORITONTAL COMPOSTTEZ
| COMPOSITE Z-GIRT, 16" O.C. \ —] ] J | e //I/ BRICK TIE SECURED TO Z-GIRT
o 4" (R-16 MIN) BLACK-FACED MINERAL WOOL — =& /
| F——— R-16 MIN. MINERAL WOOL
= || SELF-ADHERED WAPOR OPEN AIR L ——
—- BARRIER MEMBRANE SELF-ADHERED VAPOR OPEN AIR

1/2" PLYWD

2X6 WOOD STUD W/ MINERAL WOOL F_ . |
(R-23 MIN)

5/8" GWB, PAINTED i

1/2" PLYWOOD

2X6 STUD WALL W/ 5.5" [R-23 MIN)
MINERAL WOOL

5/8" GWB, PAINTED

i

- = = T.0. 3RD FLR PLYWD SHTG
= THIRD FLOOR 72 -1
= 125 - 6"

»

|
|
AN ANRNANRNAN IRNRNRNARD RNRNRNRARNL

L
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Strategies: Domestic Hot Water

] Bath
Q —m Slq— — ] Master
| S
Space Cooling ~ DHW Lightin i e Bedroom I 2
ghting Living Mo | |l Bath ., bedroom
- = !]F'!E’ (| |
lau, K.
ace umps + (o ] iw“{w [.
aguting FF’ansp Pg}(}g; ‘ I ! @ e ﬁ g Bath i Bedroom
u % -
| Kitchen U ni& Bedroom T Tankiess DWH
* Pipe Length B o
matters — {:{:j ) DWH o/
. IEquipment " iy F3 : Living Bedroom
ocation = T\ |
matters - A . _J
Garage ki
Garage
Outside the
envelope,
longer pipe

lengths



Strategies: DHW — Centralized vs Individual

Q E
| 7 3]
Space Cooling ~ DHW Lighting a E? E’\ =N d=h| jE” D[ &S
E R = wl KT 1= EH= i
E }i' Zx g N Toone: (I =
apu?e Fumps + (L)rhgr " ol - ﬂ . (o S O ——— e ash s
eafing ans oads T 0! i | 2003 28
i I/ =': | @D
I wncl; H : : X =2 > A,
* Floor space [ T I I ===
maftters ]
« Heat loss . .. moul
E+ Centralized system: 37 Wales Decisions:
matters - Watersense calculation and - No space for the — I
e FEfficient stacks heat loss from central system centralized system due ' for g~
matter was smaller than individual to tight lot and need for T Alp [
tank system. minimum unit count. ' = S
38R - GROUF 2 [~ ]
- The floor plan had space for the |

centralized system

- Plumbing design has efficient A
risers with recirc. pumps +
located in center of the building



Strategies: Reduce plug, elevator, appliance & lighting loads

Space Cooling ~ DHW

Space

Pumps + :
Heafing

Fans Load

e Ask for elevator
energy specs

« Research each
appliance
energy use —
Energy Star
database

* Research fan
energy use

Estimated Energy Cost Per Year:
$217.50

Power

S

Starting Current; 34 amps
Nominal Current 26 amps ENERGY STAR
Drive Output: 86 KW
Nominal Energy Demand Per Year: ‘m
SuVhi .

Performance *  Why no rating
Floor-to-Floor Time Based on 14.10s for Com merC|a|
Average: d 2

ryerse
Door Open Time (75% open) 22s
Door Close Time: 41s
Horizontal Vibration (max); <15mg
Vertical Vibration (max): <25mg
Airborne Sound - Inside Elevator 53 dB (A)
Moving:
Airborne Sound - Hallway Elevator 53dB (A)
Moving:

Maximum Number of Trips Per Hour. 180

I Print I

Schindler Elevator Calculation

60 watt Incandescent

—

14 watt CFL

S 558 Lifetime
Savings

over an
incandescent
with the

same brightness

[ ———
Usage - 14w

BB et - 10,000 Hours

12 watt LED

$200 Lifetime

Savings
over an
A incandescent
with the
same brightness

-
-Owdncm-tlﬂ

[

BrighmessiLumens) - 800

4@verled

Watts/sf matters

Choose efficient
fixtures and
layouts

Use Occupancy
Sensors in
common spaces

Balance between
daylighting and
fixture efficiency




Strategies: Heating/Cooling/Ventilation

E+ vertical units + floor unit

* Vertical units = fan coil — ducted

 Floor unit = smaller, intake and outtake on the same
unit — not ducted

« Soffits to accommodate units in ceilings

 ERV at floor for units and in ceiling for common areas

2ER - GROUF 1
UNIT

2ER - GROUF 1
UNIT

759 SF

DHW Lighting

?
pace Pumps Oth
Heating Funsp ! Lougg 37 WCIIGS
* Horizontal ceiling units save floor space =
« Vertical units  More building penetrations from each unit n
take up floor ~ o - — \Spumctt 2 B
SpGCG, bUt 1 K TS SF @ll _]:_@;l zn-ﬁnr?un
betfter when / L
ceiling heights | .7 [ = J—|
. L =
are limited WY ﬁ / , T\ B> 0 T e | it
] 1 4 B .‘{ A = = ra
I e ) oeen Ao 0 1 = : — Lt —
} 4 3 BR -u(';‘lltlgupl \J g
2 2
T_i: I ||0|5F=| g
[ 1
[[TLT]
E+ Highland 37 Wales




Systems: Two Project Approaches

E+ Highland — 23 units 37 Wales — 20 units

« Central air source hea’r pump systems « Central cur source he?’r pump systems
(space heating / cooling) (space heating / cooli

« Central ERV systems per floor to serve dwelling units ~ ° Individual ERV systems per dwelling unit

. * Individual air source heat p ater heaters
Central air source heat pump water heater plant oer unit [domestic T ot pro uction)

(domestic hot water production)

: .  Horizontal ducted fan coil units serving dwellin
*  Vertical ducted fan coil units serving dwelling units units S 9

10"-0" fl to fl height 11°-0" fl to fl height



E+ & 37 Wales: HVAC Basis of Design

Air Source Heat Pump (ASHP) — VRF / VRV Space Heating & Cooling

System Overview:

« Exterior Air Source Heat Pump (HP’s)

Systems serve interior Fan Coil Units
(FCU's) via refrigerant piping (RL&RS).

» HP system provides simultaneous heating
and cooling via branch-box valve
controller.

EXTERIOR HEAT PUMP

« Terminal fan coil units can operate in
either heating or cooling to satisfy local
thermostat set point.

« 100% electrically operated system
providing superior system efficiencies
and allowing reduction in emissions
compared to fossil fuel technologies.

* R-410a refrigerant based technology




E+ Highland: HVAC Basis of Design

Air Source Heat Pump (ASHP) - space heating & cooling

- BRANCH BOX

amm
EXTERIOR | SEEE
HEAT PUMP“ o

3RD_FLOOR :
ANEN |9|

4TH FLOOR £
191
Tl O |

CONCEALED
DUCTED FAN

((((((

/ T\ FIRST FLOOR REFRIGERATION PIPING PLAN

VERTICAL FAN
COIL UNIT

ASHP System Design Features:

* Heat pump simultaneous heating &
cooling. System designed to allow “heat
recovery” when conditions allow.

* Dedicated central control system to allow

:
= 19 g »:>‘ e N
i BN
" W s B
% ;
/‘&' o — - C CONTROLLER LOX D AT CEILING OF LAUNDRY ‘
o ’ ROOM, PROVIDE ISOLATION BALL VALVES AND UNIT v
ﬂ IDENTIFICATION AT EACH RS & RL LINESET SERVING E TYPICAL UNIT PLANS FOR FAM COIL UNIT b
I . FCU'S, UCTHORK LAYOUTS WITHIN DWELLING UNITS. !
(TYPICAL) (TYPICAL)
N MC SHALL PROVIDE PIPE SLEEVES AT ALL FLOOR
AND WALL PENETRATIONS AS REQUIRED,
(TYPICAL)
1T FLOOR gy~ o
o]
N/ [e .
-4 - greater scheduling for common &
& N ,
2/ o) |
@ commercial spaces.

* R-410a refrigerant based technology

_DA _D__ .
| 1 . g CEILING CASSETTE
= L/ . FANCOLUNIT
NSNS ‘ ’/-/

M201 / SCALE: 1/8" = 1'-0"



E+ Highland: HVAC Basis of Design

Model Number Elevation

Air Source Heat Pump System Overview: 1 = e P e e o e R

- E‘ 218 1 1-1/8 CMB-P1013NU-GA /BC-1 100 ft 53 176.245 BTUM
M M 5 T00R(8) ; 199,782 BTUM
« Exterior Mounted Air Source Heat Pump (HP) System 3
g‘ﬁ ;‘ ;};_—%%?t((i)) 38 | 5/8 _— 31.883 BTU/h (24.223 BTU/h) Est. Cooling Discharge Air Temp: 54.3

80.0ft (6) 35.916 BTU/h Est. Heating Discharge Air Temp: 102.5

1/1/Gallery-1/FCU-1.0

* Indoor Branch Box Controller (BC) to allow Simultaneous
. . . 31,883 BTU/h (24,223 BTU/h) Est. Cooling Discharge Air Temp: 54.3
Heating and Cooling System Operation. — e, T SOGTTUR  E Hesin DA e 625

22/ Gallery-1/FCU-1.1

14 {112 = l ;gg5 g¥3}h (5.600 BTU/h) E:L Cooling gischarge iilr ‘1I:=mp: ?20427
* ° ° M B Ty Ee—— 081 /h st. Heating Discharge Air Temp: 104.
» Indoor Terminal Fan Coil Unit (FCU) to provide space OORET 373 102512 R
heCﬂ' a nd COOl | ng . 1;;;“15) ‘,’,“U — 10628 BTUR 9270 BTUM)  Est m::g Bi-ﬂiiziﬁﬂf.in“ﬁi 23
14 1 12 10,628 BTU/h (9.270 BTUM)  Est Cooling Discharge Air Temp: 53.3
7501t (4) 5!, T 12,122 BTUh Est. Heating Discharge Air Temp: 100.2
lndoor Un.ts: 1 1 / 1 to 48 14 1 112 ' 10,628 BTU/M (9.270 BTUM) Est Cunling Discharge AirTunp: 533
Capacity: 199 / 96 to 288 (1 03.6%) . 200R(4) O e U A LS 12,122 BTUM Est. Heating Discharge Air Temp: 100.2
=T, CBPBCiW i : 15.942 BTU/h (13.269 BTU/Mh) Est Cooling Discharge Air T :53.8
Total Pipe Length: 956.7 / 2267.7 feet ——g.iéﬂ}ff) 7! . 17958 BTUR Est Hoating Discharge Air Temp: 100.6
Furthest Actual: 230.0/541.0 feet HEATER IR
Furthest Equiv: 2562/6230 feet B 7 - T
Furthest IU from BC Actual: 120.0 /1889 feet ' 8 /8/ Corridor-1st Floor / FCU-1.7
Furthest IU from BC Equiv.: 129.8 /1889 feet 14112 = 13.285 BTU/h (9,805 BTUM)  Est. Cooling Discharge Air Temp: 51.4
50.0ft(4) - 15,264 BTU/h Est. Heating Discharge Air Temp: 108.6
Furthest IU from BC Thru Sub BC Actual: 00/00 feet 979/ Stairs-2 / FCU-1.8
Furthest IU from BC Thru Sub BC Equiv.: 0.0/00 feet — = 16.042 BTUK
i w 10 f 10/ ERV-1/ LEV-1.1 e
Outdoor Unit Capacity: 101 1.00 I B P —
Temperature: 103 1.03 U
Piping Length: 0.88 095
Defrosting: - 095 sono—®
User Derate: 1.00 1.00
Total Derate: 092 093 <« Ry @

Additional Refrigerant: 615 Ib
Total Refrigerant Amount: 1136 b < Sonioy W




E+ Highland: HVAC Basis of Design

Air Source Heat Pump (ASHP) - space heating & cooling

Dwelling Unit Heating & Cooling:

« Vertical ducted fan coil unit (FCU) to be located o
within dedicated closet ol

?ROVIDE (2) 6"X6" TRANSFER

« System operates to satisfy local thermostat set ik
point e

KITCHEN EXHAUST
GRILLE, MAINTAIN MIN,

« ECM variable speed blower motor IR

MERV-3 FILTER,

( VERTICAL FCU AT MECHANICAL
/— CLOSET. PROVIDE WITH 1/4"
NEOPRENE SLIP SHEET AT UNIT

(TYPICAL)

i

VERTICAL AIRFLOW

§D2-125
FCU

18"x18" RG AT
DROPPED AREA OF
CEILING.

/2\ TYPICAL 2 BR UNIT MECHANICAL PLAN

2

|
|
|
|
|
|
|
|
I MOUNTS.
|
|
|
|

OFFSET 16"x8" RETURN DUCT
________ / UP TO CEILING CAVITY FOR

‘/" ‘ CEILING RETURN GRILLE.

301/ SCALE: 1/4"=1'-0"

UNITS: 103, 203, 303, 403



37 Wales: HVAC Basis of Design

Air Source Heat Pump (ASHP) - space heating & cooling

Dwelling Unit Heating & Cooling:

« Horizontal ducted fan coil unit (FCU) to be
located within dedicated closet.

- System operates to satisfy local thermostat set
point.

« ECM variable speed blower motor

FOR TRANSFER
GRILL DETAILS
SEE

\ﬂmé‘

AR—:l—[l/ B1:110
e

BB1-110

;
e
:

AA3=200
.

& (o

4x8 - B190
AR S

KITCHEN EXHAUST, MAINTAIN
MINIMUM 6 FT FROM THE
KITCHEN RANGE

[¥]
AR g
DEDICATED ERV WITHIN UNIT, ©
LOCATED WITHIN CEILING CAVITY B1:5¢
PROVIDE FULL ACCESS PANEL

FOR FUTURE SERVICE,
(TYP)

7Y

CRD’E—
-

6@

¥e [l -~ B2150
AR H
=

/ 73\ TYPICAL 2BR UNIT MECHANICAL PLAN - GROUP 2B

-
DD2

OA INTAKE ERV

TE , REFER PI
FOR TERMINATION TAG

\Mzm/ SCALE: 1/4" m 10"

LAN



PHIUS: Ventilation

PHIUS “Whole-Building” Ventilation Diagram

System design features:

« High efficiency passive house certified ERV system

SUMMER . . e
with 85%+ system efficiency.
S » Central ERV serving dwelling units per floor. ERV
A Supply Exhaust to provide continuous ventilation each dwelling
L .
SLEEPING BATHING unit space.
T -
B i S | * Gallery space provided with dedicated ERV
Supply Exhaust ]| Exbaust ?/stem for unocc/occ scheduling as well as
e " || — , —— emand ventilation control via local co2 space
7/ Sensors.
=
" 7 CCC == &
Supply Al e » Corridor & common areas provided with
with heat register kg dedicated ERV systems per floor.

( Subsoil heat exchanger




E+ Highland: HVAC Basis of Design

Tud
“ 14x6+

System design features:

« High efficiency Passive House certified
ERV system with 85%+ system
efficiency.

« Central ERV serving dwelling units per
floor. ERV to provide continuous
ventilation for each dwelling unit
space.

* Gallery space provided with a
dedicated ERV system for unocc/occ
scheduling as well as demand
ventilation control via local CO2
space sensors.

/2 TYPICAL MECHANICAL ROOM PART PLAN f

W SCALE: 3/8" = 1'-0

"« Corridor & common areas provided
with dedicated ERV systems per floor.

/ 1\ FIRST FLOOR MECHANICAL PLAN

W SCALE: 1/8° = 1'-0°




37 Wales: HVAC Basis of Design

Individual Energy Recovery Ventilator (ERV) — DU ventilation system

ERV SYSTEM FEATURES:

* Each DU to have dedicated ERV, system to operate
continuously to provide porholly tempered air to FCU

AR z return plenum.
Eﬁ\w . MERV8 or MERV-13 filtration available for Ventilation
) i Outdoor Air.
5 » 75%+ Sensible Heat Recovery Efficiency

&= , i » Integral ECM Blower motor assembly for adjustment and
energy efficiency.

7
£
o
7N\

HEN EXHAUS MANTAN
KITCHEN RANGE

m TYPICAL 2BR UNIT MECHANICAL PLAN - GROUP 2B
\MZN/ SCALE: 114" m 10"




E+ Highland: Plumbing Systems

Central air source heat pump — domestic hot water production

System Schematic image” —— Seconiny ciroult it Domestic Hot Water (DHW)|
Temperature sensor (optional) Sys’re m:
" Remol S T— y Heriisti fisas Outet hot water plping - :
o:n"t}(c))ltlaer : L8 . .| sloragetam Inket water piping o —— 144 MBTUH, CO2 Heat Pump Module

285 Storage Tank

150 Gallon Electric Swing Tank

Master Digital Tempering Valve

Heat Exchanger

Isolated Piping Loops (Exterior/Non-Potable
& Interior Potable)

Control wiring

(optional) - exchanger

; ‘di/;' « Controls Integrated within Central Controller
k.fogln a?eg"g:_” Pump and flow &3 « 4.1 COP Listed Performance
il, Flow sens rate adjustment
{optional) device * _
— " CW Inlet HWR frem HSWto
a Represental e n 82,210 BTU Building  Building
v T
water temp. sensor (optional) I L
" soon [Esoon (] Ts
,_: S500f S0.0f ﬁ Fs :I |

CO2 Heat Pump System Piping Diagram

E

—  285GAL 150 GAL




37 Wales: Plumbing Systems

Individual Heat Pump Domestic Hot Water Heaters

DHW System Features:

AR—:I—['/ B1:110
e

* Integral R-134 Heat Pump Assembly
with Electric Heat Resistance element.
oxreae p « 3.45 UEF Rating
Eﬂ « Can be operating as Efficiency Mode
i — Heat Pump only, or Hybrid Mode -
. HP & Electric Water Heater Element
) * Dedicated System Controller
& (T v [P0

AAS.500 AR e
T \rl oD1
CRD 60
e /h e B2-150 H \‘VL\\
d ERV EXHAUST AIR
® AR H™ TERMINATION
8

KITCHEN EXHAUST, MAINTAIN ‘ |
MINIMUM § FT FROM THE L
KITCHEN RANGE
&9
2
DEDICATED ERV WITHIN UNIT. \& S ;
B1-50

LOCATED WITHIN CEILING CAVITY @ QA INTAKE ERV
PRI

OVIDE FULL ACCESS PANEL TERMINATION, REFER PLAN . M‘

DE
FOR FUTURE SERVICE. s~ AR
e 2 < i / FOR TERMINATION TAG ® EFFICIENCY
68
i e |
RD L 3 ; /

TN P S

k

BB1-110

B1-25
ﬂ AA3-200

i

/3 TYPICAL 2BR UNIT MECHANICAL PLAN - GROUP 2B ELECTRONIC USER INTERFACE

vzmj SCALE: 1/4"m 10" UNITS: 105




E+ Highland & 37 Wales: Controls

VRF/VRYV Site Control Diagram - “Stand-Alone” HVAC System Controls:
_b !l! i @ «  Control systems range based on Project Scale and Owner
= 2 Requirements.

Local VRF/VRV Equipment is controlled by a dedicated

controller or central panel on site.

__|__‘4® Ifljé_ ;(} ﬁ «  Stand Alone System Controls

«  Central Building Management System (BMS)
HVAC Systems on site are controlled via a BMS, also
Central BMS Control Diagram — “Cloud Based BMS” known as a “Direct Digital Controls” (DDC) system which
allows all equipment to be integrated within one control
system platform. BMS or DDC systems may also control
lighting or other systems on site and can be designed to

TELDATA : ‘)))
qu . = t’ J I accommodate different requirements for each project.

ol | b

-

L(::..:-\L e - K—% 4 - . e 2:38 Fri
P~ : =
CONTROL ooy 86 contoser '™ ou oA U [ | ' |
= - | Roon 720°F 55 |z,
Auto , ‘
= . M-NET {OY°F
X X X XK A i 7007F %
- 3 —— = Z2 = ~z = [ todo | — Temo_+ [ Fan |
L o BG Contoner U ou ) U 108
PANEL
= o °
i .. 2 M:-NET i
¢ 7 MENU | Reruan SSERT ON
N . - ‘./ ,\ *“/ ,\ )/ ,\ “/ /\ £ \ OFF.
OCAL CONTROL Pt
MCOULE o BC Controliar v o e o o

FCU Thermostat Controller Example



Systems: Refrigerants & Environmental Impact

Refrigerants and Heat Pump Technology Advancements for lower system GWP

‘ Refrigerant Type Svnthgtic Natural
‘ R717 ammonia oopP 0
GWP (100 year) | 1430 3 1 0
' Flammability None High ‘ None Low
R744 carbon dcoxidd R744 carbon dioxide Low High (evidence of toxicity
\ ' Toxicity (no identified toxicity at concentrations < 400 ppm) at concentrations below 400
‘ - ppm)
m;m"'*'(lr e Momyl chloride \ HCs R290 ec mm 0.6-6.7 bar 10 - 50 bar 10 - 50 bar 29-13.5bar
compression ] Component Material Compatibili
m CFCS md HCFCs, R12, R502, R22 Ol: ch::)lenge Flammability High Pressure vt v

Pressure Switch
Technology Expl::i;:\n:roof Heavy Duty Design Hard Anodized
HFCs GWP>2500, R404A K Biends

Comparison of Common Refrigerants

HFCs GWP<2500, R134a, R407AJF/C, R410A + Blends
| h | — Hotwater  Heat pump water heaters, or HPWH, have

Common Area__ Savings the potential to reduce the energy used for
HFOs, R1234y1 + Blends Hotwater  water heating by approximately a factor of
\ Heating . . .
EU014 three if properly designed. Figure 1 shows an
-Gas regulation common  €NETGY-use pie chart of a typical multifamily
Evolution of Refrigerants Area Heatit hjlding, and the savings that can be
Unit Plugs expected from a correctly designed and
and Lights Unit

operated HPWH system.

Heating

Figure 1. Energy savings with heat pump water heaters
for a typically multifamily installation.



Systems Consideration: Regenerative Drive

Elevator Regenerative Drive Systems

Energy
savings
35%
100% |
|
509

Reqular Regenerative
operation operation

Standard Operation vs. Regen
Drive Potential Energy Savings

Regen Drive System:

Distribution
transformer

Elevator Regen Drive Diagram

« Generates power while elevator
cart is descending.

« Converts “wasted” energy while
the elevator cart is braking or
slowing down into electrical
energy.

« Distributes energy back to local
electrical distribution system to
offset local lighting or equipment
electrical loads.



Systems Consideration: Solar Thermal

With Solar Thermal on the roof
(Site Energy = 0.6kBTU/Ft2yr)

—— | M
' il T W
T S ==
e e
[ I [ | T I
[T [ EEIESES]
i 3 (== ] ==t
5 ) e P = ]
5 5 B
oo o sl ottt £
- =+« Efficiency of the panels, and size/count varies

* Duplicate DHW systems
 Extra water storage
Without Solar Thermal on the roof » Extra structure required for 800 gal storage tank
(Site Energy = 0.01kBTU/Ft2yr) » Did not contribute to the overall goal of Energy positive




Systems: The Bottom Line

1. Determine System HVAC Approach and Utility Infrastructure early in Project:

2. Ventilation Is Key:

* Roof Mounted Central Ventilation Systems Roof Mounted ERV systems may help to maximize interior space but will reduce
the project’s ability to generate solar power. Power consumption is on house panel, longer duct run needed = more fan
power.

» Indoor Central ERVs per Floor (E+ Highland) Central ERV's at Building interior will maximize the solar generation on site as
well as omit the fire-rated shafts and SFD damper requirements. However, they will also require more interior space to
house the mechanical equipment. Power consumption for Central ERV’s is on fed from house panel, not apartment load
center. Shorter duct runs needed = lower pressure drop over system = less fan power required.

« Individual ERVs per Dwelling Unit (37 Wales) Dedicated ERV’s may reduce the amount of interior area occupied by
mechanical equipment as well as eliminate the need for a vertical fire-rated shafts and smoke/fire dampers. However, they
will increase the quantity of envelope penetrations, which may be more difficult to air seal. Power consumption is on
residential panel, short duct runs = less fan power.

3. Review emerging technologies and how they can be implemented within projects to achieve lower energy targets.

4. Continuous project communication is required for successful system designs.



Takeaways

Architects’ Takeaway:

Engineer’s Takeaway:

Net Positive is HARD!
(for multifamily)

All electric buildings need
financial incentives for PV
especially for nonprofit

clients/affordable housing

Communication is KEY between
Designer + CPHC + Engineers —

more than normall

INNOVATION needed on lights,
occupancy sensors, plug loads,
appliances

Tighter regulations are pushing
everyone to be better designers,
and more municipalities need to
adopt stricter energy goals to
move the whole industry forward

Successful projects require clear communication from all team
members on project financial goals and funding requirements.

Achieving PH Certification and 100% Electrically operated
systems will require the latest system technologies and design
strategies to maximize system efficiencies and reduce energy
consumption on site.

Ventilation is a critical element within PH projects and will
require different system design strategies based on project
requirements.

As emerging technologies enter the market, it is critical that
Engineers and Designers review new system options,
documented equipment performances and overall system
requirements for successful integration, especially Case Study
materials and Manufacturer Testing information.

The need for Post-installation system commissioning,
maintenance and monitoring is critical to ensure proper
operation and energy conservation once systems are
operational.




Thank you!
Questionse

Gabriela Shelburne Keihly Moore Drew Wilkinson

gabrielas@studiogarchitects.com keihlym@studiogarchitects.com dreww@ns-engineering.com



