
Exploring Synergies between the Passive Building Standard, 
the Living Building Challenge and National Parks 

NORTH AMERICAN PASSIVE HOUSE CONFERENCE 2017
Will Ives, AIA CPHC



+





WATERPLACE MATERIALSHEALTH & 
HAPPINESS

EQUITY BEAUTYENERGY



WATERPLACE MATERIALSHEALTH & 
HAPPINESS

EQUITY BEAUTYENERGY

IMPERATIVE:   NET POSITIVE ENERGY





PROJECT SITE

PROJECT SITE

MT. EVERTS

to gardiner, mt

CLAGETT BUTTE

MT
GARDINER, MT

MT

ID

ID

WY

WY

MAMMOTH

MAMMOTH HOT 
SPRING TERRACES

TERRACE MTN.

BUNSEN PEAK

high bridge

gardiner river

G
RA

N
D

 L
O

O
P 

RD
.

GRAND LOOP RD.

one
 m

ile

tw
o m

ile

YELLOWSTONE NATIONAL 
PARK

YELLOWSTONE 
NATIONAL PARK



PROJECT SITE

PROJECT SITE

MT. EVERTS

to gardiner, mt

CLAGETT BUTTE

MT
GARDINER, MT

MT

ID

ID

WY

WY

MAMMOTH

MAMMOTH HOT 
SPRING TERRACES

TERRACE MTN.

BUNSEN PEAK

high bridge

gardiner river

G
RA

N
D

 L
O

O
P 

RD
.

GRAND LOOP RD.

one
 m

ile

tw
o m

ile







RESPONSE TO PROGRAM + ARRIVALRESPONSE TO LANDSCAPE RESPONSE TO VIEWS



GRAND LOOP ROAD

6

8 8

7
9

9
9

9

9

11
2

12

1

3

3

3

3
3

4
10

5

historic entry gate
campus entry

car parking
outdoor classroom
commons building

classroom building
wastewater treatment & gear cache building

staff housing building
dormitory building

fire pit
play court

wastewater treatment wetland

1
2
3
4
5
6
7 
8
9
10
11
12

SITE PLAN



CREATE A PORTAL TO CAMPUS

PROVIDE FOR SOLAR

VOLUMES RESPOND TO 
VIEWS + PROGRAM

ROOFS MINIMIZE VISIBILITY + 
CREATE OUTDOOR SPACE

RESPECT TRADITIONAL CONTEXT 

MIMIC GRADE + MAXIMIZE 
SOLAR OPPORTUNITY

PROTECT ENTRY + OPEN TO VIEWS

CREATE A PORTAL TO CAMPUS

PROVIDE FOR SOLAR

VOLUMES RESPOND TO 
VIEWS + PROGRAM

ROOFS MINIMIZE VISIBILITY + 
CREATE OUTDOOR SPACE

RESPECT TRADITIONAL CONTEXT 

MIMIC GRADE + MAXIMIZE 
SOLAR OPPORTUNITY

PROTECT ENTRY + OPEN TO VIEWS

CREATE A PORTAL TO CAMPUS

PROVIDE FOR SOLAR

VOLUMES RESPOND TO 
VIEWS + PROGRAM

ROOFS MINIMIZE VISIBILITY + 
CREATE OUTDOOR SPACE

RESPECT TRADITIONAL CONTEXT 

MIMIC GRADE + MAXIMIZE 
SOLAR OPPORTUNITY

PROTECT ENTRY + OPEN TO VIEWS

CREATE A PORTAL TO CAMPUS

PROVIDE FOR SOLAR

VOLUMES RESPOND TO 
VIEWS + PROGRAM

ROOFS MINIMIZE VISIBILITY + 
CREATE OUTDOOR SPACE

RESPECT TRADITIONAL CONTEXT 

MIMIC GRADE + MAXIMIZE 
SOLAR OPPORTUNITY

PROTECT ENTRY + OPEN TO VIEWS

1

3

2

4





15,620 gsf

3,770 gsf

4,455 gsf

(6-unit) 5,929 gsf; (4-unit) 4,692 gsf

2,047 gsf

51,955 GSF

COMMONS

CLASSROOM

DORMITORY (X5)

STAFF HOUSING

WASTEWATER TREATMENT  
& GEAR CACHE

TOTAL 

YELLOWSTONE YOUTH CAMPUS



Mammoth, Wyoming (climate zone 6, elevation of 6,300 ft) 

~16 acres

17 - 30 kBtu/sf/yr

Wood Frame/Timber

Wood Frame Rainscreen R53

Cross Laminated Timber R75 

Slab on Grade Concrete R24 continuous insulation 
Cross Laminated Timber with crawlspace with R32 
Cross Laminated Timber exposed (two-level buildings) 

Andersen Windows E-Series aluminum clad wood windows 
Triple pane glazing with krypton fill
Center of glazing u-value of .10
Installed u-value of .16 - .18 

LOCATION 

SITE AREA

PROJECTED EUI 

STRUCTURE

WALLS

ROOF

FLOORS

WINDOWS
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ROOF DESIGN 

ENVELOPE DESIGN 

SPACE CONDITIONING 
& VENTILATION



ROOF 
DESIGN



Simple & durable construction inspired by western park architecture 

Continuous air and thermal barrier
 
Maximize opportunity for rooftop solar electric production
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PRIMARY ROOF DESIGN GOALS



 

 6 / Interface Engineering 
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Common Building Energy Ending 
Usage(KBTU/YR-SF) 

ROOF ASSEMBLY OPTIMIZATION



EXPOSED TIMBER STRUCTURE

ROOF ASSEMBLY



CLT PANELS
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18” TJI @ 24” O.C.

ROOF ASSEMBLY
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PLYWOOD DECK

ROOF ASSEMBLY

18” TJI @ 36” O.C.
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2X6 BLOCKING FOR 
VENTILATION CAVITY
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ROOF ASSEMBLY

2X6 BLOCKING FOR 
VENTILATION CAVITY

PLYWOOD DECK

PLYWOOD DECK

18” TJI @ 36” O.C.

CLT PANELS

EXPOSED TIMBER STRUCTURE
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R72 Roof Temperatures
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9% INCREASE IN PV AREA
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ENVELOPE 
DESIGN



Maximize south facing glazing 

Identify an efficient and cost effective wall assembly 
 
Minimize the number of envelope products and details

1
 
2 

3

PRIMARY ENVELOPE DESIGN GOALS
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SOUTH GLAZING

NORTH
EAST
SOUTH
WEST

15%
6.9%
41% 
16%

 COMMONS WINDOW-TO-WALL RATIO



WINDOW 7.4 3mm code
#2 #5(or 4) #6 U-factor SHGC VLT Passive Sun 2191
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COG SmartSun Passive - 0.165 0.248 0.569 LowE4 2011
UNIT SmartSun Passive - 0.24 0.17 0.38 .325" spacer
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COG LowE4 Passive Heatlock 0.182 0.358 0.619
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COG SmartSun Passive - 0.213 0.252 0.569
UNIT SmartSun Passive - 0.27 0.18 0.38
COG Passive Passive Heatlock 0.103 0.534 0.683
COG LowE4 Passive Heatlock 0.1 0.357 0.619

COG SmartSun Passive Heatlock 0.098 0.235 0.556

Center of Glass PerformanceLow E Coating Combination
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WINDOW UNIT
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WALL ASSEMBLY OPTIMIZATION

 

 5 / Interface Engineering  

 
 

2. Roof insulation 
The model was started with base design R30 wall and R54 roof per 50%DD design, and then only increases the 
roof insulation to see the building energy usage impacts based on different level of roof insulation, the results 
below show the energy savings difference between this roof insulation and insulation level above get closer when 
the roof reaches R80 insulation. 

 

Roof insulation Building energy usage (kbtu/yr-sf) 
Energy Savings vs 

baseline (%) 

R54 roof 1125.5 0.00% 

R60 roof 1116.9 0.76% 

R65 roof 1111.5 1.24% 

R70 roof 1106.6 1.68% 

R75 roof 1102.2 2.07% 

R80 roof 1099 2.35% 

R85 roof 1095.7 2.65% 

R90 roof 1092.6 2.92% 

R95 roof 1089.9 3.16% 

R100 roof 1087.5 3.38% 

R105 roof 1085.6 3.55% 

R110 roof 1083.7 3.71% 

R115 roof 1081.9 3.87% 
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WALL ASSEMBLY

GYPSUM BOARD USG ECOSMART FIRECODE X

GREEN FIBER 515D

HENRY BLUSKIN VP 160

ROXUL CAVITYROCK

GREEN GIRT 

2x8 WALL FRAMING 

DENSE PACK CELLULOSE

3/4” PLYWOOD SHEATHING

AIR BARRIER  

6” FIBERGLASS RAINSCREEN CLIP  
[24” O.C. HORIZ. & 16” O.C. VERT.]

6” SEMI-RIGID MINERAL WOOL  

CONTINUOUS HORIZONTAL HAT CHANNEL

STEEL PANEL CLADDING

2’ - 0” O.C.

WALL AXON



Alkylphenols

Asbestos

Bisphenol A (BPA)

Cadmium 

Chlorinated Polyethylene (CPE)  & 

Chlorosulfonated Polyethylene (CSPE)

Chlorobenzene

Chlorofluorocarbons (CFCS)  

Hydrochlorofluorocarbons (HCFCs)

Chloroprene (neoprene)

Chromium VI

Formaldehyde (added) 

Halogenated Fire Retardants (HFRs)

Lead (Added)

Mercury 

Polychlorinated Biphenyls (PCBS)

Perfluorinated Compounds (PFCS)

Phthalates

Polyvinyl Chloride (PVC)

Chlorinated Polyvinyl Chloride (CPVC)

Polyvinylidene Chloride (PVDC)

Short Chain Chlorinated Paraffins (SCCPS)

Volatile organic compounds (VOCs) in wet  

 applied products

Wood Treatments containing creosote,  

 arsenic or pentachlorophenol

RED LIST



RED LIST

Alkylphenols

Asbestos

Bisphenol A (BPA)

Cadmium 

Chlorinated Polyethylene (CPE)  & 

Chlorosulfonated Polyethylene (CSPE)

Chlorobenzene

CHLOROFLUOROCARBONS (CFCS)  

HYDROCHLOROFLUOROCARBONS (HCFCS)

CHLOROPRENE (NEOPRENE)

Chromium VI

FORMALDEHYDE (ADDED) 

HALOGENATED FIRE RETARDANTS (HFRS)

Lead (Added)

Mercury 

Polychlorinated Biphenyls (PCBS)

Perfluorinated Compounds (PFCS)

PHTHALATES

POLYVINYL CHLORIDE (PVC)

CHLORINATED POLYVINYL CHLORIDE (CPVC)

Polyvinylidene Chloride (PVDC)

Short Chain Chlorinated Paraffins (SCCPS)

VOLATILE ORGANIC COMPOUNDS (VOCS)  

 in wet applied products

Wood Treatments containing creosote,  

 arsenic or pentachlorophenol



YES

ADVOCACY

YES

YES

YESPRODUCT 
X

YES
<1%

>1%

?%

PRODUCT VETTING

PROPRIETARY  
INGREDIENTS 
CHECK CASN 

C2C?

HPD?

MSDS?

DECLARE 
LABEL?

CASN

184963-09-5 
126-99-8 

9010-98-4
115-28-6
115-96-8

13560-89-9
13674-84-5
13674-87-8

CHEMICAL OF CONCERN
 
Chloroprene (Neoprene)
Chloroprene (Neoprene)
Neoprene
Chlorendic Acid
Tris(2-Chloroethly) Phosphate (Tcep)
Dechlorane Plus (Dp)
Tris(1-Chloro-2-Proryl)Phosphate (Tcpp, Tmcp)
Chlorinated Tris (tdcpp, Tdcp)



SPACE 
CONDITIONING & 
VENTILATION



Create a simple and resilient system 

Maximize ventilation efficiency
 
Achieve the energy petal of the Living Building Challenge

1
 
2 

3

PRIMARY SPACE CONDITIONING + 
VENTILATION DESIGN GOALS



ANNUAL HEATING DEMAND

ANNUAL COOLING DEMAND

PEAK HEATING LOAD

PEAK COOLING LOAD

8.1 kBTU/ft2.yr

1.0 kBTU/ft2.yr

5.7 BTU/ft2.hr

3.6 BTU/ft2.hr

PHIUS CLIMATE SPECIFIC DATA



TO CAMPUS

RADIANT SLAB
INDIVIDUAL UNIT CONTROL

HOT WATER TANKS

RADIANT HEAT



• 75% footprint savings of traditional  
Boiler/Chiller Systems 

• 40% footprint savings over typical 
simultaneous systems

• Simultaneous heating/cooling in  
each module 

• Connection flexibility for hot, cold and 
source water loops

• Lowers energy costs by +50% compared  
to traditional boiler/chiller systems 

Load Hot
Loop

Load Cold
Loop

Flexibility The 6 header design can be applied with 
cooling towers, geothermal (ground and lake) loops, 
or hybrid systems for true system flexibility. Cooling, 
heating and source piping configuration is available 
on same or opposite ends which allows for numerous 
piping layouts. Bank sizes range from 15 to 1,000 tons 
to ensure load demands are met efficiently.

onDEMAND Operation Allows any module to 
be indexed for heating or cooling regardless of its 
position in the bank, providing optimum module/
compressor run time equalization.

Simplicity 6 header design simplifies installation, 
design and controls. Simultaneously, the SHC satisfies 
required heating and cooling demands without the 
use of inter-module/external header isolation valves, 
controls, associated logic, piping or wiring. 

Dramatic Energy Savings Eliminate the need 
for separate heating and cooling systems thus saving 
installation cost, overall operating cost, reducing 
physical footprint while potentially lowering system 
energy costs by more than 50% when compared to 
traditional boiler/chiller systems. 

Compact No more need for bulky chiller systems 
and large boiler room equipment. The SHC provides 
the functionality of both in a minimal footprint. Patent 
pending 6 header design eliminates the required space 
between and external to the modules. This creates the 
smallest system operating footprint when compared 
to a typical simultaneous system and allows for same 
end piping connections. Modular 6 pipe design allows 
access through standard 36” doorways and onto 
typical freight elevators. 

Ultimate Efficiency The CoolLogic Control 
System provides advanced algorithms for maintaining 
precise leaving chilled and hot water temperatures. 
Integral motorized valves allow for variable pumping 
on heating, cooling and source water loops. High 
efficiency design offers cooling efficiencies up to 25 
EER and heating efficiencies up to 5 COP. 

True Redundancy Separate module electrical 
feeds provide true electrical redundancy. Integral 
motorized isolation valves and dual independent/
refrigerant circuits per module provide true 
mechanical redundancy.  

Source
Loop

Load Hot
Loop

Load Cold
Loop

Produce heating, cooling and hot water  
from a single unit 

CLIMACOOL SHC
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• Complete air handling unit with direct-driven supply 
air and extract air fans, supply air and extract air 
filters and rotary heat exchanger. 

• Temperature efficiency, heat recovery up to 85% 

• Air flows up to <5300 cfm 

• Variable speed regulation of the rotor 

• Cooling energy recovery 

• Meets Passive House Certification requirements 

SWEGON GOLD RX



ELECTRICAL
002

MECHANICAL
001

COOLER
004

COOLER
005

FREEZER
006

DRY
STORAGE
007

OFFICE
011

LOADING
008

KITCHEN
013

STORAGE
014

SERVING
015

DISH
016

GREAT
ROOM
020

RESTROOM
WOMENS
027

RESTROOM
MENS
028

OFFICE-1
034 OFFICE-2

036 OFFICE-3
038 OFFICE-4

040

MEETING-1
041

MEETING-2
035

OPEN
OFFICE
042

EAST
ENTRY
046

CLASSROOM-2
022

KITCHENETTE
037 ADA RR

031

JANITOR
026

CLASSROOM-1
023

STORAGE
023A

STORAGE
022A

MUDROOM
043

HALLWAY
021

LOBBY
044

RR
012

IT
018A

WATER
003

CONFERENCE
029

HALL
033

HALL
030

VESTIBULE
045

DISH
RETURN
018

MECHANICAL
YARD
000

ADA RR
047

RR
VESTIBULE

025

STORAGE
035A

JANITOR
018B

SCALE OF FEET

0' 8' 16'8'

COMMONS FLOOR PLAN

COMMONS KITCHEN  + GREAT ROOM

Key Plan
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ENERGY ASSUMPTIONS

Project: 2015-0212
Name: NPS YYC
Author: Thomas Phuong
Date: 10/8/2016

Buildings Building Sq. Ft. EUI (kWh/SF) kWh/year kWh/year (Net Zero + 5%) Tilt Angle Degrees Azimuth kW (Required PV System) SolarWorld Sunmodule SW 350 XL Mono (Qty) Roof Area Required
Currently Qty Shown 

on Roofs
Commons 14102 11 155122 162878 9.5 195 126 360 7560 320

186
Dormitory #1 4009 9.8 39288 41253 16.25 170 31 89 1860 108
Dormitory #2 4009 9.8 39288 41253 16.25 160 31 89 1860 108
Dormitory #3 4009 9.8 39288 41253 16.25 164 31 89 1860 108
Dormitory #4 4009 9.8 39288 41253 16.25 176 31 89 1860 108
Dormitory #5 4009 9.8 39288 41253 16.25 156 31 89 1860 108
Classroom 3404 7.25 24679 25913 9.5 175 20 57 1200 144
Staff Housing #1 5810 9.8 56938 59785 9.5 253 49.5 141 2970 135
Staff Housing #2 5810 9.8 56938 59785 9.5 245 49.5 141 2970 135
Gear Storage 1543 1 1543 1620 9.5 1.5 4 90
Total 542998 422.5 1207 25350 1274

Manufacturer Watts Module SF
SolarWorld Sunmodule SW 350 XL Mono 350 21

491,660kWh/yr 542,998kWh/yrTOTAL



ENERGY MODEL INPUTS - ANNUAL ENERGY CONSUMPTION

TOTAL ANNUAL ENERGY 
CONSUMPTION

1. GROSS ENERGY BALANCE OF PROJECT

CERTIFICATION SCHEME Area Annual Energy Consumption Annual Solar Energy Available % of Annual from Solar

%)ry/hWk()ry/hWk(fsledoM ygrenE
510,15EV-SEIYGRENE OREZ TEN - GNIDLIUB GNIVIL 485,264                                             00.005,064                                           %001                                      

PASSIVEHOUSE 193,84IFUW 683,362                                             00.005,064                                           %571                                      

2. LIVING BUILDING - NET ZERO ENERGY CRITERI A
Annual Site Energy Consumption Annual Site Solar Energy 

Generation
% of Annual from Solar Criteria

%%)ry/hWk()ry/hWk(

485,264YGRENE OREZ TEN - GNIDLIUB GNIVIL                                                                00.005,064                                          100% 105%

3. PASSIVE HOUSE CRITERIA
Heat Demand Cooling Demand Heat Load Cooling Load Primary Energy / person

y/UTBkry*2tf/UTBkry/hWk2tf*rh/UTB2tf*rh/UTBry*fs/UTBkry*fs/UTBk r
Criteria 7.80                                                               00.1          05.5                                                 05.3                                                 0.004,6                                                 0 0.83                                          4                                                           
Commons 1.74                                                               83.0          74.5                                                 15.1                                                 99.37                                                 90,1                                                           1,754.64                                 
Classroom 5.85                                                               12.0          94.5                                                 80.1                                                 04.21                                                 8,44                                                           88.00                                      
Dormitory #1 6.68                                                               92.0          93.5                                                 95.1                                                 64.02                                                 0,68                                                           54.76                                      
Dormitory #2 5.51                                                               71.0          93.5                                                 95.1                                                 77.12                                                 5,19                                                           64.62                                      
Dormitory #3 5.51                                                               71.0          93.5                                                 95.1                                                 77.12                                                 5,19                                                           64.62                                      
Dormitory #4 5.51                                                               71.0          93.5                                                 95.1                                                 77.12                                                 5,19                                                           64.62                                      
Dormitory #5 5.51                                                               71.0          93.5                                                 95.1                                                 77.12                                                 5,19                                                           64.62                                      
Staff Housing #1 5.49                                                               68.0          52.4                                                 23.2                                                 00.757,3                                                 00.895,25                                                                                
Staff Housing #2 38,207.34                                      

Total 34.7                                  1,679,761                                      

4. ENERGY MODEL INPUTS / RESULTS COMPARISON BUILDING BY BUILDIN

PV Production as 
designed

SEI detsujdAEV-SEIffid%IFUWEV-SEIffid%IFUWEV-SEIffid%IFUWEV-SEI -VE WUFI 
%di�

IES Vs WUFI 

%di�
Adjusted IES 

Vs WUFI
IES-VE Adjusted IES-VE WUFI IES-VE

Adjusted IES-
VE

WUFI PVWatts IES-VE WUFI IES-VE
WUFI w/o 

PV
Heating 

Demand
Domestic 

Hot Water
Auxiliary 
Electric

Average Air 
Change Rate 

CFM 
OA/person

WUFI 
OUTDOOR AIR 

RATE

WUFI 
requrie

d OA

ACTUAL 
DOAS 

CAPACIT
Y AS 

DESIGNE
D

% 
di�eren

ce

Building y/UTBkry/UTBkry/UTBkry/fs/UTBkry/fs/UTBkry/fs/UTBk%##3tf3tffsfs r kWh/yr kWh/yr kWh/yr kWh/yr % % kBTU/sf/yr kBTU/sf/yr kBTU/yr kBTU/yr kBTU/yr 1/hr cfm/person cfm/person
Commons 15,027                                                               557,41      167,123%201                                             628,543                                           081%39                                           081                                                03%001                                                                                          21                         23                   29% -6% 444,806                 322,598                 337,604            130,360            94,544              98,942              108,000                   83% 109% 94                   72.3                25,674 007,2512194.0                      8500 315%
Classroom 3,714                                                               026,3        275,95%301                                               946,94                                             08%021                                             08                                                  42%001                                                                                            13                         16                   48% -17% 88,022                   49,702                   58,101              25,797              14,566              17,028              54,000                     209% 317% 75                   50.7                21,177               46,822             34,025 002,1512183.0                    1600 133%
Dormitory #1 4,253                                                               602,4        438,77%101                                               819,29                                             82%48                                             82                                                  03%001                                                                                            25                         16                   85% 52% 128,029                 105,086                 68,305              37,522              30,798              20,018              46,750                     125% 234% 95                   51.3                28,096               74,196             47,779 02451213.0                       2000 476%
Dormitory #2 4,100                                                               602,4                                                       28 82                                                  03                                                                                            25                         16                   85% 52% 123,410                 105,086                 68,305              36,168              30,798              20,018              46,750                     129% 234% 95                   51.3                23,175               74,196             47,779 02451213.0                       2000 476%
Dormitory #3 4,100                                                               602,4                                                       28 82                                                  03                                                                                            25                         16                   85% 52% 123,410                 105,086                 68,305              36,168              30,798              20,018              46,750                     129% 234% 95                   51.3                23,175               74,196             47,779 02451213.0                       2000 476%
Dormitory #4 4,100                                                               602,4                                                       28 82                                                  03                                                                                            25                         16                   85% 52% 123,410                 105,086                 68,305              36,168              30,798              20,018              46,750                     129% 234% 95                   51.3                23,175               74,196             47,779 02451213.0                       2000 476%
Dormitory #5 4,100                                                               602,4                                                       28 82                                                  03                                                                                            25                         16                   85% 52% 123,410                 105,086                 68,305              36,168              30,798              20,018              46,750                     129% 234% 95                   51.3                23,175               74,196             47,779 02451213.0                       2000 476%
Staff Housing #1 5,644                                                               502,5        831,17%801                                               717,07                                             41%101                                             41                                                  52%001                                                                                            15                         18                   41% -16% 143,364                 66,007                   93,534              42,016              19,345              27,412              36,000                     86% 131% 80                   56.8                28,575               28,128             52,236 012512175.0                       1500 714%
Staff Housing #2 4,100                                                               187,3                                                       12                                                  12                                                     25                                       14                         18                   41% -23% 104,140                 77,888                   67,943              30,520              22,827              19,912              28,750                     94% 144% 80                   56.8                15 180          1320 733%
Gear Storage 1,876                                                                       41                                       76,766                   -                    22,498                     22,498                  
Waste Water Treatment 99,635 002,92                   002,92                                 
Other Site Needs
total passive house 48,391.36                                        559,109.46 %0                                      1,402,001 017,898              683,362                        460,500.00 -%571              322,691                               
total living building 51,014.95                                                                530,304.51 !0/VID#                                      1,578,402 485,264              00.005,064            %001              

5. ENERGY MODEL GENERAL  INPUT COMPARISON
Common Criteria stinUIFUWSEI

F0707tniopteS retniW 68F
F5757tniopteS remmuS 78f
N/Yseysey?tneV taN No

tcetihcra/renwo reptcetihcra/renwo repycnapucco fo seludehcS
pucco fo eludehcs repycnapucco fo eludehcs repCAVH fo seludehcS ancy

 eludehcs repycnapucco fo eludehcs repgulp/gnithgil fo eludehcS of occupancy
U factor wall fs F rh/UTB6810.0
U factor roof fs F rh/UTB7310.0
U factor floor fs F rh/UTB7920.0
U factor window fs F rh/UTB71.0
SHGC window 0.53

30.030.0noitartlifnI cfm/sf@50pa

ASHP COP dezilaunnA POC3
HRV Eff 84%
DOAS fan power mfc/W77.0
DHW Heat pump COP dezilaunnA POC3
DHW consump�on residen�al yad/nosrep/lag6
DHW consup�on non residen�al yad/nosrep/lag2

Conversion Table
kBTU/kWh

3.412142
US DOE Site to Source Ra�o

3.16

COLOR KEY
stupnIEV-SEI ni deledoM

demrifnocnuevissaP IFUW ni deledoM
airetirCSTTAWVP LERN ni deledoM

Not modeled, propor�onal es�mate only

OTHER WUFI RESULTS

Primary Energy / sf w PV

Model Areas ytisnetnI esU ygrenE etiSycnapuccO ledoM
SOURCE ENERGY - Primary 

Energy Use Intensity
SELBAWENER DESAB ETIS %noitpmusnoC ygrenE launnA - YGRENE ETISModel Volumes

462,584kWh/yr 263,386kWh/yr



PV COUNTS

Buildings
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation Buildings

Buildings 
Included 

per Phase
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation 

Commons 125,546.05 131,504.90 144,442.00 Commons X 125,546.05 131,504.90 144,442.00
Dormitory #1 37,980.84 61,104.30 67,406.00 Dormitory #1 X 37,980.84 61,104.30 67,406.00
Dormitory #2 37,980.84 60,832.05 67,062.00 Dormitory #2 X 37,980.84 60,832.05 67,062.00
Dormitory #3 37,980.84 60,970.45 67,235.00 Dormitory #3 X 37,980.84 60,970.45 67,235.00
Dormitory #4 37,980.84 61,151.80 67,473.00 Dormitory #4 37,980.84 0 0
Dormitory #5 37,980.84 60,654.60 66,842.00 Dormitory #5 37,980.84 0 0
Classroom 24,481.05 60,304.50 66,146.00 Classroom 24,481.05 0 0
Staff Housing - 6 Units 41,045.04 37,650.35 41,105.00 Staff Housing - 6 Units 41,045.04 0 0
Staff Housing - 4 Units 32,054.22 30,429.90 33,253.00 Staff Housing - 4 Units 32,054.22 0 0
Gear Storage 23,637.60 0.00 0.00 Gear Storage X 23,637.60 0.00 0.00

Total Available 436,668.17 564,602.85 620,964.00 263,126.18 314,411.70 346,145.00
127,934.68 184,295.83 51,285.52 83,018.82

Buildings
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation ` Buildings

Buildings 
Included 

per Phase
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation 

Commons 125,546.05 131,504.90 144,442.00 Commons 125,546.05 0 0
Dormitory #1 37,980.84 61,104.30 67,406.00 Dormitory #1 37,980.84 0 0
Dormitory #2 37,980.84 60,832.05 67,062.00 Dormitory #2 37,980.84 0 0
Dormitory #3 37,980.84 60,970.45 67,235.00 Dormitory #3 37,980.84 0 0
Dormitory #4 37,980.84 61,151.80 67,473.00 Dormitory #4 X 37,980.84 61,151.80 67,473.00
Dormitory #5 37,980.84 60,654.60 66,842.00 Dormitory #5 X 37,980.84 60,654.60 66,842.00
Classroom 24,481.05 60,654.60 66,146.00 Classroom X 24,481.05 60,304.50 66,146.00
Staff Housing - 6 Units 39,012.33 37,650.35 41,105.00 Staff Housing - 6 Units X 41,045.04 37,650.35 41,105.00
Staff Housing - 4 Units 30,334.24 30,429.90 33,253.00 Staff Housing - 4 Units X 32,054.22 30,429.90 33,253.00
Gear Storage 14,616.00 0.00 0.00 Gear Storage 23,637.60 0 0

Total Required 423,893.88 564,952.95 620,964.00 173,541.99 250,191.15 274,819.00
141,059.07 197,070.12 76,649.16 101,277.01

January 30%
February 20%
March 20%
April 10%
May 5%
June 0%
July 0%
August 0%
September 5%
October 10%
November 20%
December 30%

FULL YELLOWSTONE YOUTH CAMPUS - COMPLEX BREAKDOWN

Total Campus Difference

Increased Snow Depreciation per Month

FULL YELLOWSTONE YOUTH CAMPUS

Total Campus Difference

Phase #1

Phase #2

Phase Difference

Total Required
Phase Difference

Total Required

Buildings
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation Buildings

Buildings 
Included 

per Phase
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation 

Commons 125,546.05 131,504.90 144,442.00 Commons X 125,546.05 131,504.90 144,442.00
Dormitory #1 37,980.84 61,104.30 67,406.00 Dormitory #1 X 37,980.84 61,104.30 67,406.00
Dormitory #2 37,980.84 60,832.05 67,062.00 Dormitory #2 X 37,980.84 60,832.05 67,062.00
Dormitory #3 37,980.84 60,970.45 67,235.00 Dormitory #3 X 37,980.84 60,970.45 67,235.00
Dormitory #4 37,980.84 61,151.80 67,473.00 Dormitory #4 37,980.84 0 0
Dormitory #5 37,980.84 60,654.60 66,842.00 Dormitory #5 37,980.84 0 0
Classroom 24,481.05 60,304.50 66,146.00 Classroom 24,481.05 0 0
Staff Housing - 6 Units 41,045.04 37,650.35 41,105.00 Staff Housing - 6 Units 41,045.04 0 0
Staff Housing - 4 Units 32,054.22 30,429.90 33,253.00 Staff Housing - 4 Units 32,054.22 0 0
Gear Storage 23,637.60 0.00 0.00 Gear Storage X 23,637.60 0.00 0.00

Total Required 436,668.17 564,602.85 620,964.00 263,126.18 314,411.70 346,145.00
127,934.68 184,295.83 51,285.52 83,018.82

Buildings
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation ` Buildings

Buildings 
Included 

per Phase
kWh/Year Required

(Net Zero + 5%)

kWh/Year Available - 
Increased Snow 

Depreciation 

kWh/Year Available - 
Typical System 
Depreciation 

Commons 125,546.05 131,504.90 144,442.00 Commons 125,546.05 0 0
Dormitory #1 37,980.84 61,104.30 67,406.00 Dormitory #1 37,980.84 0 0
Dormitory #2 37,980.84 60,832.05 67,062.00 Dormitory #2 37,980.84 0 0
Dormitory #3 37,980.84 60,970.45 67,235.00 Dormitory #3 37,980.84 0 0
Dormitory #4 37,980.84 61,151.80 67,473.00 Dormitory #4 X 37,980.84 61,151.80 67,473.00
Dormitory #5 37,980.84 60,654.60 66,842.00 Dormitory #5 X 37,980.84 60,654.60 66,842.00
Classroom 24,481.05 60,654.60 66,146.00 Classroom X 24,481.05 60,304.50 66,146.00
Staff Housing - 6 Units 39,012.33 37,650.35 41,105.00 Staff Housing - 6 Units X 41,045.04 37,650.35 41,105.00
Staff Housing - 4 Units 30,334.24 30,429.90 33,253.00 Staff Housing - 4 Units X 32,054.22 30,429.90 33,253.00
Gear Storage 14,616.00 0.00 0.00 Gear Storage 23,637.60 0 0

Total Required 423,893.88 564,952.95 620,964.00 173,541.99 250,191.15 274,819.00
141,059.07 197,070.12 76,649.16 101,277.01

January 30%
February 20%
March 20%
April 10%
May 5%
June 0%
July 0%
August 0%
September 5%
October 10%
November 20%
December 30%

FULL YELLOWSTONE YOUTH CAMPUS - COMPLEX BREAKDOWN

Total Campus Difference

Increased Snow Depreciation per Month

FULL YELLOWSTONE YOUTH CAMPUS

Total Campus Difference

Phase #1

Phase #2

Phase Difference

Total Required
Phase Difference

Total Required

620,964.00564,602.85



ENERGY PETAL TARGETS

462,584 kWh/yr (IES) = 122% of  annual energy demand

263,306 kWh/yr (WUFI) = 214% of  annual energy demand



CAMPUS 
DESIGN
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