SUSTAINABILITY A HOLISTIC APPROACH
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Can sustainable design be ugly?
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BUILDING PERFORMANCE




1 Square Building

Building Type:

Location/ Climate:

Total Floor Area |sf):

Elect. Rate:

Fuel Rate:

Approx. Liveload [Occuoants):
Ave, Lighting Pwr. Density:
HVAL Systenn:

Electric Power Plant Sources?

Fossil: 76%
Nuclear: 16%
Hydroelectric: 6%
Renewable: 2%

Univ. Library

Fargo, ND
300,000

50.07/kWh
50.96/Therm
2,627

131 W2
Underfloor

Heat Rejection 0.23%
Space Hegting 4.9°%
Fans 7.97%

Pumps &8 Pux 2.37%

Lights 13.9%

Space Cooling 17.9%

hisc Bquip 45.9% BEteror Loads 0.8%

Haot Wiater 17.0%

Space Hegting $2.0°%



Potential

Photovoltaic Potential#

Annual Energy Savings: 9,903 kWh
Total Installed Panel Cost: $45,906 [ yr
Nominal Rated Power: 6 kW

Maximum Payback Period: 44 Yrs @ $0.07 | kWh 4. Results based on all exterior
surfaces being analyzed. Escalation rate of 2% applied to
electric rate. Payback calculation does not include federal
or state incentives, loan information, or tax breaks.

Wind Energy Potential®

Annual Electric Generation: 5,565 kWh 6.
A single 15 ft diameter turbine, with cut-in and cut-out
winds of 6 mph and 45 mph respectively, and located at
the coordinates of the weather data.



Natural Ventilation Potential?
Total Hours Mech. Cooling Required:

Possible Natural Ventilation Hours:
Possible Annual Electric Energy Savings:
Possible Annual Electric Cost Savings:

Net Hours Mech. Cooling Required:

1,859 Hours
814 Hours
249,488 kWh

$16,466

1,045 Hours 7. Assumes natural ventilation only
during comfort zone periods and air changes per
hour are less than 20 ACH. Building form & opening
design must be able to allow stack effect or cross
ventilation.




Design Alternate

HVAC
111.3 EER Packaged VAV, 84.8% boiler heating
2 Central VAV, HW Heat, Chiller 5.96 COP, Boilers 84.5 eff
3 4-Pipe Fan Coil System, Chiller 5.96 COP, Boilers 84.5 eff
4 Central VAV, Electric Resistance Heat, Chiller 5.96 COP
5 2-Pipe Fan Coil System, Chiller 5.96 COP, Boilers 84.5 eff
6 Premium Eff. VAV w/ Reheat, 150-300 ton (7.0 COP)
7 Premium Eff. VAV w/ Reheat, >300 ton (7.5 COP)
8 Underfloor Air Distribution

Lighting Efficiency (lighting power density )
LPD 10% less than base run
LPD 20% less than base run
LPD 30% less than base run
LPD 40% less than base run
Lighting Control

A W N

B

Occupancy sensors
2 Daylighting sensors & controls
3 Occupancy/Daylighting sensors & controls

Roof Construction
1 Metal Frame Roof without Insulation
2 Metal Frame Roof with Code Compliant Insulation
3 Metal Frame Roof with High Insulation
4 Metal Frame Roof with Super High Insulation
5 Wood Frame Roof without Insulation
6 Wood Frame Roof with Code Compliant Insulation
7 Wood Frame Roof with High Insulation
8 Wood Frame Roof with Super High Insulation
9 Continuous Deck Roof without Insulation
10 Continuous Deck Roof with Code Compliant Insulation
11 Continuous Deck Roof with High Insulation
12 Continuous Deck Roof with Super High Insulation
13 Cool Roof - R11 continuous ins. over roof deck
14 Cool Roof - R15 continuous ins. over roof deck
15 Cool Roof - R20 continuous ins. over roof deck
16 Cool Roof - R30 continuous ins. over roof deck
17 Structural Ins. Panel (SIP) Roof 6.25in (165mm)
18 Structural Ins. Panel (SIP) Roof 8.25in (210 mm)
19 Cool Roof - R38 continuous ins. over roof deck
20 Cool Roof - R50 continuous ins. over roof deck
21 Structural Ins. Panel (SIP) Roof 10.25in (260mm)



Construction
1Metal Frame Wall without Insulation
2 Metal Frame Wall with Code Compliant Insulation
3 Metal Frame Wall with High Insulation
4 Metal Frame Wall with Super High Insulation
5 Massive Wall without Insulation
6 Massive Wall with Code Compliant Insulation
7 Massive Wall with High Insulation
8Massive Wall with Super High Insulation
9Structural Ins. Panel (SIP) Wall 4.5in (114mm)
10Structural Ins. Panel (SIP) Wall 6.5in (165mm)
Insulated Concrete Form (ICF) Wall, 10" thick
11form
Insulated Concrete Form (ICF) Wall, 12" thick
12form
Insulated Concrete Form (ICF) Wall, 14" thick
13form
Structural Ins. Panel (SIP) Wall 8.25in
14(210mm)
Structural Ins. Panel (SIP) Wall 10.25in
15(260mm)
Structural Ins. Panel (SIP) Wall 12.25in
16(311mm)

Walls
Glazing Type

1 Monolithic Clear Low-e

2Insulated Clear Low-e Hot Climate

3Insulated Clear Low-e Cold Climate

41nsulated Green Low-e

5Insulated Blue Low-e

6Insulated Grey Low-e

7 Insulated Bronze Low-e

8lInsulated Blue Reflective Low-e

9lInsulated Green Reflective Low-e
10Insulated Grey Reflective Low-e

11Insulated Bronze Reflective Low-e
Super Insulated 3-pane Clear Low-
12e
PPG SB70XL/Clear
131G

Translucent Wall Panel, (U-0.53, SHGC 0.36, Tvis

140.25)

Translucent Wall Panel, (U-0.53, SHGC 0.51, Tvis

150.50)

Translucent Wall Panel, (U-0.29, SHGC 0.19, Tvis

160.20)

Translucent Wall Panel, (U-0.10, SHGC 0.06, Tvis

170.04)

Glass Amount
110%
2-10%
325%
4-25%
550%
6-50%
7Remove all



Energy/carbon efficiency simulations for various design configurations
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* Suv Equivalency:

1 Therm is equal to100,000 BTU t is approximately the amount of energy needed to heat 1 pound (0.454 kg) of

water from 39 °F (3.9 °C) to 40 °F (4.4 °C)

1 Kwh is equal to 1000 watt hours

D- Default

15,000 miles driven annually; 14 miles per gallon (5.95 km per liter).

ECOTECT €%




SITE IDENTIFICATION




Where Should we putit?




Potential Site
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site option one:
isitor lot

niralized site
+the visitor lot is a centralized location on the
campus. The centralized position of the library will
provide easy access to the surrounding dormito-
ries; Siem, Pavik, Thompson, Severnson, Reed,
Johnson, Weible, and on campus apartments.
This location will focus on the north portion of

campus.

Otrensit routes
+this site option is circulated by mulitple bus
routes, enabling students to successfully get to
and from the library.

st
+site option one will have a large upfront cost to
removal the original parking lot to begin structure
footings. A large amount of the budget will be ap-
plied to the removal of the parking lot.

Oviewsheds are lost
+views of the new library will be lost due to the
centralized location of the project. With newly
constructed fitness center and memorial union,
NDSU is missing the third piece to the puzzie; the
library. Why hide it from the driver?

Ouser and travel

+site option one focuses on campus residents
instead of off campus residents. The focus should
be the opposite when the majority of students live
off campus and walk, bike or drive to campus.
With the removal of the parking surface, off cam-
pus users will have to travel even farther for the

I new library site compared to the current location.
Vehicular Circulation Oparkmg
= Route 31 +the visitor parking lot that is shared by many
— — —  Route 32 off campus residents will be transformed into the
. . ndsu library. The large amount of parking will be
® Bus Circulation Stop relocated further off campus, limiting the off-cam-

pus student focus.



site location:
Churchill field

lestrian circulation
+pedestrian circulation is centralized around the
memorial union. Busy pedestrian flow concentra-
tion happens between Albrecht Boulevard and the
Babbling Brook located just west and southwest
of the union.

(Otransit and entrance points
+major transit and entrance points are located
along University and 15th Avenue North, Centen-
nial Boulevard and 12th Avenue North.

;‘N

icohesive unit
+the chosen site location of the NDSU library will
create a cohesive connection between the Memo-
rial Union and dormitories; Dinan, Churchill and

Burgum.

Omixed use businesses
+possible mixed used buildings can be secured
across from new the library space. Local busi-
nesses can help term University drive as the
tradition coin the term to its original meaning as a
centralized drive circulated next or leading up to
campus. This are could resemble the intersection
of Albrecht and 12th Avenue South.

¢ Opleza utilization

+the memorial union plaza will be utilized properly
as an entrance and gathering space that will now
serve two landmark structures on campus, the
memorial union and library.
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B s ocaion
—— . ) . views and interest points
N - +ndsu will benefit from implementation of the li-
atssss Route 13 brary next to University Drive so new recruits and
@ Bus Circulation Stop visitors will be attracted to the new structure and
will make North Dakota State University a more
successful campus.
Oloss of green space

+after a circulation analysis, there were no activi-
ties that went on at Churchill Field during visita-
tions. The loss of this green space can be reintro-
duced using green sustainable design.
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site option three:
Bentson Bunker
Fieldhouse

e o

Site Location

Vehicular Circulation
Route 13

Route 31
Route 32

Bus Circulation Stop

-
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+the parking lot shared by ehly hall, churchill,
construction management and the bentson bun-
ker fieldhouse would be transformed into the
library; in turn taking away vital parking

(Okcentratized site
+bentson bunker fieldhouse lot is a centralized
location on the campus. The centralized position
of the library will provide easy access to the sur-
rounding dormitories; Weible, Stockbridge, and
campus apartments. This location will focus on
the north portion of campus.

transit routes

+this site option is circulated by mulitple bus
routes, enabling students to successiully get to
and from the library.

Omixed use businesses

+possible mixed used buildings can be secured
across from new the library space. Local busi-
nesses can help term University drive as the
tradition coin the term to its original meaning as a
centralized drive circulated next or leading up to
campus. This are could resemble the intersection
of Albrecht and 12th Avenue South.

(Oyviews and interest points
+ndsu will benefit from implementation of the
library next to University Drive so new recruits
and visitors will be attracted to the new structure.
This location will spark more interest being that it
would be situated next to the main athletic com-
plex on campus.

st
+site option three will have a large upfront cost to
removal the original parking lot to begin structure
footings. A large amount of the budget will be ap-
plied to the removal of the parking lot.

Ouser and travel

+site option three focuses on campus residents
instead of off campus residents. The focus should
be the opposite when the majority of students live
off campus and walk, bike or drive to campus.
With the removal of the parking surface, off cam-
pus users will have to travel even farther for the
new library site compared to the current location.



site option four:
eliness Center

Oviews and interest points
+ndsu will benefit from the implementation of the
library next to 18th Avenue so new recruits and
visitors will be attracted to the new structure.

Pt - b This location will spark more interest being that
e e it would be situated next to the wellness center
aa e '6 v complex on campus.
transit and entrance points

+major transit and entrance points are located
along 18th Street North and 12th Avenue South.
The Library would be clearly seen from the 12th
Avenue Bridge to the southwest.

and travel
+site option four focuses on off-campus residents.
The focus should be the opposite when the ma-
jority of students live off campus and walk, bike or
drive to campus.

= UL U Ny W Ocohesive unit

\ ' +the chosen site location of the NDSU library
would create a broken connection between the
core structures.

12TH AVE BRIDGE - ‘ [r— ;
25141 i a t

. ) 0. aO0le +site option four will have a large utility cost when
| g Y dealing with climatic issues that North Dakota has
to deal with; prevailing winds and winter climate.
Heating and utility costs would be a large setback

- Site Location towards the success of the building.
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Vehicular Circulation Oloss of greenspace
Route 31 +the placement of the building would take away part
of the ndsu research facility and land plots.

) Bus Circulation Stop
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The thermal performance of any sites is determined by
the surrounding elements. Particularly, a site enclosed
from all directions thermally performs better than the
one exposed on all sides. Sites that are holding a large
volume are protected from thermal conduction.
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THERMAL

e analysis

e - Internal temperature of any building will always tend
. : @p /',‘.';.- towards the local mean outdoor temperature. Any
s S : g fluctuations in outside temperature or solar load
- o - e e will cause the internal air temperature to fluctuate
: ” P, in a similar way, though delayed and dampened
- * ‘:;, - somewhat by thermal capacitance and resistance
- , within the building fabric. When the total of all heat
losses become equal to the total of all gains, then

internal temperatures stabilize.



S O LA R_radiation

When designing energy efficient buildings, solar radiation can
play an important role in determining building form. On one hand,
energy from the sun can be harnessed through solar passive
design and as a renewable energy source using photo-voltaic
systems; on the other hand, solar radiation also represents
the largest source of heat gain in buildings, which can demand
significant amounts of energy to keep a building cool

U
Curmutatve
22 4

e
1 location: Fargo,
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SEAS
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radiation
ANALYSIS

It also becomes apparent in the ventilation
components that are integrated into fagade
and which sermve the purpose of heat recovery
in the winter and of cooling the building units
in the summer, as well as in the components
for heat insulation, and sun shading.

T
Curiul it

2SR A
The colors represent solar radiation on building =L
envelope thru different time periods of the

year {yellow being the highest and blue being ey

Pregaci location: Fargo, MDY
Sen mtucly vieet cixde Smac 17413090 8 1000 Al
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s1| 82 | s3 | s4
DESIGN. MATRIX
site analysis podastrian circulabon 10 8 8 2
+pedestrian circulation Iransil & enlrance points 9 9 B 2
+user types
i i [ .
R o catior cohesiveness & llow 8 10 7 2
Qviewsheds mixed use potential 0 10 ? 10
+cohesiveness and flow
+views and points of interest views & points of interest 0 10 6 10
+centralization
T A greenspace 0 a8 5 &
- Mwﬁmﬁmﬂ centralization 10 8 B 2
+iransit routes
+circulation design IDCUST ON-CAMpUS residents 8 5 Iy 2
design incus: off-campus residents 2 5 3 8
47190 73/90 54/90 A44/90




DESIGN. MATRIX
performance analysis

s1(s2 (83 (s4
site impact 4 6 3 10
shade & shadow 5 7 8 10
solar radiaticn 6 10 6 10
thernal analysis B 8 8 3
wind tunnel 10 8 8 6
geothermal potential & ) 7 10
photovoltaic patential 6 8 6 10
natural lighting 5 8 5 8

47180 60/80 51/80 67/80
total annual energy cost $216,000 | $201,000 | $212000 | $225,000
net carbon emission 149 5UV 140 SUV 148 SUV 170 SUvV

Suv Equivalency. 15,000 miles driven annu-
ally, 14 miles per gallon (5.95 km per iler).
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s1|s2 | s3 | s4

site analysis 47/30 73190 54/90 44/90
performance analysis 47180 60/80 51/80 67/80
TOTAL 94/170 | 1337170 | 105/170 | 111A70




BUILDING PROGRAM



Folio (Dversizs) — 1= Soor.

Feserse Colecton — 1= fioor

Federal Documents — 2= floor:

Elate Documents — 2= fioor:

Federal Documents Maps — Lower Level
Ehott Collection — 1= ficor: 1,817

Mlieclia — 17 fioor- 2,352
Mesdia Awdio Bosok: 123
Msdia CO Audio: 588
Feripdicals — 1= fioor: 20,052
[Fare Books — 1= Soor: 1,529
Etacks — 2= fioor: 290,547
Thesis — 3= floor: 5,160

GRHC (Germmans from Russia Herftsge Collection] — 1= flogr: 11,042

Total Colecion Spac:

Publc Access CompuitenZi sk down and 20stand up)PAC

Elecironic tork Stations(1 per 200 skudents )

microfim resderiprimier

Seating Space 20 Seats Per 1000
Seals

inciividual Study rooms(2 per 10000
‘Sroup Study 1 per 1000}

“Tobal Uisar Seating Space

ERalt \Work Ares

Me=iing Area

‘Bpecial Uz

Mewspapers

Faper Back
Microfiche — Lower Level
Btaps — Loawer Level

Misps Rol Flie — Lower Leved:
Frotecopisrscanning

Classroom Spaces & Seater
Leunge: Spaces
Center for Writers

Lournge wirejess

Food Eerdkce

24T study

Faculty Study Rooms
Graduate Stady noms
facuky oollsborafive space
wisling scholars area

wesHbules, securfy systems

mear enirances and circulafion desks, c-car
pickup area, cormidors, staineslls, elvior shafs,

and restrooms
“Total Egq. Ft

5873
52y
82,475
B850
0,283
1,817

2,382
123
20,082
1,323
250,547

5,160
1.042

0
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755
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NDSU Main Library
Student Population 14,200

Current Space
Total Collection Space

User Seating Space
Staff Work Area
Meeting Area
Special Use

General spaces

Classroom Spaces
Lounge Spaces

Lounge wireless

Center for Writers

Food Service

24T study

Faculty Study Rooms
Graduate Study rooms
faculty collaborative space
visiting scholars area

Total Square Footage

44,972
23,125
6,000
1,000
1,336

26,000

102,433

Future Expanson

12,000
5,000
12,000
4,000
400
6000
3000
4000
2000
2000

N I T W G T e ey 1

140000
46000
12000

2000
3000

40000

24000
5,000
10,000
4,000
400
6000
3000
4000
2000
2000

303,400



Group Study

Stack Collection

Mechanical
Classroom
General
Classroom Storage
Lower Level
24/7 study Stack collection
Genreral
Seating
Wirless lounge

Level 1

Level 2

Stack Collection
r For Writers

Indivijdual study

staff work

Level 3

Room

Compact Shelving
General
Room Seating

Level 4
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BUILDING AESTHETIC







Books cast in concrete




Impression from the cast concrete



Plan perspective

Atrium
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BUILDING CULTURE
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BUILDING ECONOMICS













Phillips Exeter Library
Louis Kahn

1965
12000 sq.ft

Phoenix Central Library
Bruder &DWLarchitects

1995
280000 sq. ft.

Seattle Central Library
Rem Koolhaas at OMA
2004

362000 sq.ft.
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1 BaseRun

Energy, Carbon and Cost Summary

Annual Energy Cost $303,458
Lifecycle Cost 54,133,093
Annual COz Emissions
Electric 3,481.6 tons
Onsite Fuel 569.4 tons
Large SUV Equivalent 368.3 SUVs [ Year

Annual Energy
Energy Use Intensity (EUI) 61 kBtu / ft2/ year
Electric 3,473,712 kWh
Fuel 98,168 Therms
Annual Peak Demand 1,419.3 kW
Lifecycle Energy
Electric 104,211,360 kW
Fuel 2,945,047 Therms
Assumptions (1)

ﬁ o Design Alternative

Estimated Energy & Cost Summary
Annual Energy Cost 5236,334
Lifecycle Cost $2,946,469
Annual COz2 Emissions
Electric 1,649.1 tons
Onsite Fuel 630.9 tons
Large SUV Equivalent 207.3 SUVs / Year

Annual Energy
Energy Use Intensity (EUI) 61 kBtu [ f2 / yvear
Electric 2,085,607 kWh
Fuel 108,778 Therms
Annual Peak Demand 908.8 kW
Lifecycle Energy

Electric 62,568,210 KW

Fuel 3,263,331 Therms
Assumptions (1)



sustainable design includes the relation of these Four factors performance aesthetics economics culture

<>

_- passive solar design _indoor/ outdoor space _flexible space .
—double skin facade _interactive atrium _basic form —local material
_.green roof _.24/7 study lounge _.steel columns and beams 7.|g.reen Ispadces .
—geothermal system _interactive green roof _precast hollow core floors ek ar; Scaping
_.rainwater harvesting _dynamic spaces _structural insulated panel —Warm:colors

_.photovoltaics
_triple-pane glass
_.structural insulated panel
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