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1. Project Overview
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3. Depth
1. Radiant Heating and Cooling
2. Low Velocity Displacement Ventilation
4.  Breadths
1. Daylighting
2. Acoustics
5. Overall Cost
1. Initial Difference
2. LCC

6. Pros versus Cons

The Sunshine Elementary School is located in Climate Zone 5. The

design has met all ASHRAE requirements of this climate zone.

ASHRAE Climate Chart (Fundamentals, 2009)

General Information of Project

Size- 103,000 Square Feet
2 Levels

Overall Cost- $16,599,000
Brick Facade

Gable Roofs
Construction Dates- March 2010- June 2011
Silver LEED Accreditation Goal
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Original Design Components Water-to-Air Heat Pumps Tied to Ground Loop

Presentation Outline

MIXED HEATING AND COOLING CYCLE

1. Project Overview

o ” ® 144 Vertical Geothermal Wells- 12 x 12 grid GroundLoop- Ground Temp.-55%

2. Existing Conditions ’ 590
3. Depth ®* Water-to-Air Heat Pumps- each room <Y

1. Radiant Heating and Cooling ° [ Facamasy Uiilie :: A

2. Low Velocity Displacement Ventilation 5Y Y N
4. Breadths ® C02 Sensors : |

1. Daylighting : . —7 ;

2. Acoustics * AHU's for gym and cafeteria By oo o
5. Overall Cost . © "-" D 131.5 MBh 250.6 MBh 79.4 MBh 50.5 MBh 131.2MBh

s eQuest” Energy Model- LEED approved -
1. Initial Difference -
2. LCC ® 42% more efficient then Baseline Model

6. Pros versus Cons

*Mote: Just one possibility to represent the ability to both heat and cool simultaneously.
* Temperatures of loop are operatingrange.




Original Design Components Water-to-Air Heat Pumps Tied to Ground Loop

Presentation Outline

6. Pros versus Cons

| Protect Over COOLING CYCLE
: roject Overview _ .
,, - ® 144 Vertical Geothermal Wells- 12 x 12 grid
pA EXIStlng Conditions +Ground Loop- Ground Temp.- 55°
3. Depth ®* Water-to-Air Heat Pumps- each room
1. Radiant Heating and Cooling ° B e Uil -y
2. Low Velocity Displacement Ventilation 5y Y e A
4. Breadths °® C02 Sensors : N 11.29Meh
1. Daylighting . : . (B
2. Acoustics AHU’s for gym and cafeteria <
5. Overall Cost © a0 U2
¢ Energy Model- LEED r o ez o s s
L Initial Difference eQuest” Energy Mode approved B |
. . . "“ 151.5 MBh 250.6 MBh 79.4 MBh 50.5 MEBh 131.2MBh
2. LCC ® 42% more efficient then Baseline Model D
-
Y




Original Design Components Water-to-Air Heat Pumps Tied to Ground Loop

Presentation Outline

1. Project Overview . i HEATING CYCLE
. N ® 144 Vertical Geothermal Wells- 12 x 12 grid
2- EXIStlng Condltlons F.Gmundlnnp- Ground Temp.- 55°F
3. Depth ®* Water-to-Air Heat Pumps- each room
1. Radiant Heating and Cooling ®  Enerov Recoverv Units : M
2. Low Velocity Displacement Ventilation gy Y ey A ot Capaciy| [ ot Capacin| | 7ot Copacinf [ Tor Capaci]  [Tor Capatin| fTor Capadty| [et. Capaciy
4. Breadths o C02 Sensors T N
1. Daylighting -
2. Acoustics ® AHU'’s for gym and cafeteria Y
0
5. Overall Cost © = GPM-50 GPM-50 GPM-15 GPM-12 GPM-30
® - ot. Capadty ot. Capadty ot. Capacity ot. Capacity ot. Capadty
1. Initial Difference eQueSt Energy MOdel LEED approved - ||:') -I;lEl.EME-h TEE-:I.E-r-th T."-E.-",rumh TE':'.EME-h T131.2ru15h
2. 1CC ®  42% more efficient then Baseline Model
-

6. Pros versus Cons




Radiant heating and cooling was designed in the gymnasium,
Presentation Outline Radiant Heating and Cooling 1st through 5™ grade classrooms and kindergarten classrooms.

1. Project Overview
2.  Existing Conditions

3. Depth

1. Radiant Heating and Cooling

2. Low Velocity Displacement Ventilation
4.  Breadths
1. Daylighting e

2. Acoustics

5. Overall Cost

e

e e
e

1. Initial Difference

2. LCC

6. Pros versus Cons Enough Capacity?
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Using coefficients found by Bjarne W. Olesen the Radiant heating
and Cooling capacities were found.

Total Heat Exchange Coefficients (BTU}/{hr*ft“*F)

Heating

: Floor areaswith direct sun the owverall heat transfer is up to 2x's Greater
(Source: Bjarne W. Olesen)

Radiant Capacity VS Demand- Heating
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The cooling Capacity of a radiant slab is less then that of
heating.

Radiant Capacity VS Demand- Cooling
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6. Pros versus Cons

Conditioning Ventilation air will increase the system capacity but
will prove to still not be enough.

Radiant Capacity + (1.08 x CFM x AT) = Total Capacity

Radla - ATIO AP & Demanc ols =
||
||
||
||
u
||
||

] | [ ||
|| [ || | | | ||

By adding daylighting controls to the building the peak cooling
demand is now met.

Radiant + Ventilation Capacity Vs Demand-Cooling
with Daylighting

17500.0

17000.0

Typical Classroom 1st Typical Classroom 2nd Typical Kindergarten

B Capacity (BTU/hr) B Demand (BTU/Shr)
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6. Pros Versus Cons

Low Velocity Displacement Ventilation couples well with radiant
systems by increasing the stratification of the space.

(Price, 2007)

The combined effect of radiant systems and low velocity

displacement ventilation treats the load where the demand is located.

Temperature

' 80 .20

7T

(Price, 2007)
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6. Pros versus Cons

The Air Change Effectiveness (Ez) is increased to 1.2 allowing of
30% Iincreased outdoor air while reducing CFM by 13%.

sf

people

f

Increased Outdoor Air and contaminant controls greatly improves the

Indoor environment.

% Improvement/ Reduction in Symptoms

45.0%
Resipatory

200%
Resipatory

Drinks Jaskkds Brundage Fisk&  Bourbeau  Sundell Fisk &
et al & etal  Fosendfeld etal 1996 Fosenfeld
1996 r.li\;g‘h_'gen 1965 196 19497

L

Figure 20- Increased Outdoor Air {Price, 2007)
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The Air Change Effectiveness (Ez) is increased to 1.2 allowing of
30% Iincreased outdoor air while reducing CFM by 13%.
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Proposed Redesigned Ventilation Rate Calculations

382.3

Increased Outdoor Air and contaminant controls greatly improves the

Indoor environment.
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200%
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Figure 20- Increased Outdoor Air {Price, 2007)
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The Air Change Effectiveness (Ez) is increased to 1.2 allowing of
30% Iincreased outdoor air while reducing CFM by 13%.

.|  clasreom | Kindergarten
I N T
o1

0.12

10
RpzPz+ Razhz = 352.9

338.9 382.3

ation Rate

Increased Outdoor Air and contaminant controls greatly improves the
Indoor environment.

Mixing Ventilation
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The Air Change Effectiveness (Ez) is increased to 1.2 allowing of
30% Iincreased outdoor air while reducing CFM by 13%.

| claseom | R
P _ 941
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0.12
_
_ 5529

| 3389 | 3823

able 38- Proposed Redesigned Ventilation Rate Calculations

Increased Outdoor Air and contaminant controls greatly improves the
Indoor environment.

% Improvement/ Reduction in Symptoms

Beying Austrahan 'ﬂl k Wes-
Resudence Residence hndllt

Liu et al eta
ui'a?s“ 1695 1997

FAgure 21- Pollutant Source Controls {Price, 2007) (PI’ICG, 2007)
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6. Pros versus Cons

Additional benefits are added by reducing needed ductwork to
typical classrooms.

Original Ductwork

IIIIIWI—HHE b ﬂIﬁEIEI_I-

X

Without the need for ductwork above the suspended celling
building height can be lowered by 32”.

SUoP. AP. CLG.

CLASSROOM
CONCRETE
METAL DECK

STEEL FLOOR FRAMING
SEE STRUCT. DWGES.

SUsP. AP. CLG.

CLASSROCM

CONCRETE SLAB
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6. Pros versus Cons

Additional benefits are added by reducing needed ductwork to
typical classrooms.

Redesign Ductwork

Without the need for ductwork above the suspended celling
building height can be lowered by 32”.

SUoP. AP. CLG.

CLASSROOM
CONCRETE
METAL DECK

STEEL FLOOR FRAMING
SEE STRUCT. DWGES.

SUsP. AP. CLG.

CLASSROCM

CONCRETE SLAB
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Additional benefits are added by reducing needed ductwork to
typical classrooms.

|ght
Daily Labor Bare Bare | Bare | Total
Descrlptmn Crew Output | Hours tenals La r Tﬂtal D&P In::rease Total Cost
- 0 H=4 28
12 xB"
Duct Flttlng Ea 1 Sheet 12480.00

Diffusers
24"x 24" Ea 1 Sheet 1145
---------- 165,274

i- Typical Classroom Ductwork Takeo

Without the need for ductwork above the suspended celling
building height can be lowered by 32”.

SUoP. AP. CLG.

CLASSROOM
CONCRETE
METAL DECK

STEEL FLOOR FRAMING
SEE STRUCT. DWGES.

R R [ R, 6 R, ! [ [N, [ [ [N, [0 O |

SUsP. AP. CLG.

CLASSROCM

CONCRETE SLAB
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Additional benefits are added by reducing needed ductwork to
typical classrooms.

Rectangular Duct Take-off Original Design

| Rectangular Duct Take-off Original Design |
HElght
Daily Labor Bare Bare | Bare | Total
Crew ﬂutput Hf.'-urs tenals la r T{.'-tal ﬂ&P In{:rease Total Cost
Classroom ||:|. Lb. Q10 Illlr:4 0. . 3] . _. 0E5.28
Duct Fitting | Ea 1 Sheet 12480.00

Flex Duct

8" LF. [ Qs 180 3.62

Diffusers

24" x 24" Ea 1 Sheet 1143 J08 361 2e640.00
rote Svings ---------- 165,274

Table 43- Typical Classroom Ductwork Takeoff

Without the need for ductwork above the suspended celling
building height can be lowered by 32”.

Wall Assemblies Take-off

Brick Cavity Wall Insulated
37,500

* Cost Extrapolated from R. 5. Means Wall Assemblies
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IESNA Lighting Design Guide the task of using a #2 pencil and
softer leads Is a performance of high contrast and large size.

Typical 1st Classroom South Sept. 21 at 12pm

LR N T T R O TR W M

The North facing classrooms receive less daylight then the South
facing classrooms but still have dimming potential.

Typical 1st Classroom North Sept. 21 at 12pm

A & 0 00 R e .
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6. Pros versus Cons

IESNA Lighting Design Guide the task of using a #2 pencil and
softer leads Is a performance of high contrast and large size.

Typical 2" Classroom South Sept. 21 at 12pm

The North facing classrooms receive less daylight then the South
facing classrooms but still have dimming potential.

Typical 2"Classroom North Sept. 21 at 12pm




The redesign of the ventilation system changed the noise criteria The noise criteria is reduced from a NC-39 to a NC-19 due to more

Presentation Outline rating of the air supply to the classrooms. attenuation within the duct work.
1. Project Overview Originl Desig Original Design Supply
2. Existing Conditions Proposed Redesign Design

eo o

3. Depth

o rno
1
0

o ,«°a

1. Radiant Heating and Cooling

-
e <
-
re 2

2. Low Velocity Displacement Ventilation

4.  Breadths — ——
1. Daylighting 20 Duet Wovk 8 Duet Work
1 Lo . A Ebows
. 6 Fi Duet o §FecDt || Mechanica
2. Acoustics . (ot

Typical Classeoom Typical Classroom

5. Overall Cost
1. Initial Difference

2. LCC
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6. Pros versus Cons




Using RS Means a cost comparison was calculated for all changes Overall the redesign was a 5% increase when compared to the
Presentation Outline made to original design. Initial cost.

1. Project Overview
Overall Cost Comparison Of Changes

2. Existing Conditions - .
Redesign

3. Depth
1. Radlant Heatlng and COOllng Ductwrork & Diffusers 5 1?[]; 5[][] 5 ?}D.’DDD
2. Low Velocity Displacement Ventilation Wall Assembly S 37.500
$30,

Total MEP System Cost

00000000 TotalMEPSystemCost |
‘Eﬂst {:ﬂst fhis
$ 1,979,200 $19.22

2,074,400 $20.14
% Difference 5%
1pact

Table 55- Total MEP Cost In

4.  Breadths .
1. Daylighting Water-to-Water HP 597 ' 500

Water-to-Air HP :3' 106,000 5 EriIl'r"-_:'[:":I

2 Acoustics

5. O.V6rall Cost Gym AHU 30,800 5 8,200
| 5271000

1. Initial Difference $8.760

Daylighting Sensors

2. LCC Total Cost s 344?300 S qannﬁn

6. Pros versus Cons Sd- Overall Cost Comparison of Original to Redesign Changes
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6. Pros versus Cons

Annual Energy Savings of the proposed redesign compared to the
original design were calculated.

Trace® Pumping Energy Comparison
Proposed | Original | Difference
(kwh] (kwh]) (%)
CLG-HTG Plant 001-
WSHP

CVCWP {MISC EQUIP) 10859 | 10656.5
Plant Geothermal Pump 1: m

| PumpTotals | 1545134 |s610070| 40

The savings In electric were then calculated using the electrical
rates supplied by the designer.

eQuest® % Electrical Difference Overall Applied

Proposed Original Difference
(kwwh] (kwh] (%)

Owverall Total . 2409400

Cost Impact of Energy Reduction

(%) (S) Savings

Penelec Annual Bill 109416/ 7100
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Annual Energy Savings of the proposed redesign compared to the
original design were calculated.

Trace®Fan Energy Comparison

| Trace®FanEnergyComparison

= o
(kwh) (kwh) (%)

| MainClgFan |  55623| 135895

| 273307] 519

DOAS Fan 109193 | 109193| 0.0

rntoni | e[ sams| w0

The savings In electric were then calculated using the electrical
rates supplied by the designer.

eQuest® % Electrical Difference Overall Applied

Proposed Original Difference
(kwwh] (kwh] (%)

Owverall Total 2409400

Cost Impact of Energy Reduction

(%) (S) Savings

Penelec Annual Bill 109416/ 7100




Annual Energy Savings of the proposed redesign compared to the The savings In electric were then calculated using the electrical
Presentation Outline original design were calculated. rates supplied by the designer.

1. Project Overview

2.  Existing Conditions
| kwh kwh %
1. Radiant Heating and Cooling ( ) ( ) (36)
2. Low Velocity Displacement Ventilation Monthly Lighting Electrical Load Owverall Total 2409400 m

Table 26- eOuest™ Overall Hectrical Difference

4. Breadths
1. Daylighting

2.  Acoustics : 2. 2. > 0] 12, 2. = = ' 3% .
57- Cost Impact of Energy Reduction
5.

Overall Cost

N . Proposed | Original Annual
1. Initial Difference ($) (%) Savings
2. Life-Cycle Cost Analysis Penelec Annual Bill 1059416 7100

6. Pros versus Cons Table 27- Hectrical Reduction of Proposed System




A Life-Cycle Cost Analysis was performed for the annual energy The Analysis showed a payback period of 10.5 years for the

Presentation Outline savings versus initial cost. changes to the original design.
1. Project Overview Rov s10) Life-Cycle Cost Analysis
2. Existing Conditions Energy Price Indices and Discount Factors for 250,000
Life-Cycle Cost Analysis — 2010
3. Depth Annual Supplement to Amy 5. Rushing

NIST Handbook 135 and Joshua D. Kneifel
NBS Special Publication 709 Barbara C. Lippiatt

1. Radiant Heating and Cooling
150,000

2. Low Velocity Displacement Ventilation
4.  Breadths

100,000

1. Daylighting 450, 000
2. Acoustics

5. Overall Cost

a0
ol

1. Initial Difference

2. Life-Cycle Cost Analysis

6. Pros Versus Cons

U.S. DEFARTMENT OF COMMERCE [=100,000)
Technol Administration

e e A
[(=150,000)

—Pavback (5]




A Life-Cycle Cost Analysis was performed for the annual energy The Analysis showed a payback period of 10.5 years for the
Presentation Outline savings versus initial cost. changes to the original design.

Table 5-1, continued. Projected fuel price indices with assumed general price inflation rates

ek

Project Overview

Life-Cycle Cost Analysis

of 2 %0, 3 %, 4 %, and 5 %, by end-use sector and fuel type.

2.  Existing Conditions

3. Depth

. o
= 250,000

1. Radiant Heating and Cooling
150,000

2. Low Velocity Displacement Ventilation
4.  Breadths

100,000

1. Daylighting 450, 000
2. Acoustics

5. Overall Cost

a0
ol

1. Initial Difference

2. Life-Cycle Cost Analysis

6. Pros Versus Cons

(%100,000)

e e A
[(=150,000)

—Pavback (5]
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1.
2.
3.

Project Overview

Existing Conditions

Depth

1. Radiant Heating and Cooling

2. Low Velocity Displacement Ventilation
Breadths

1. Daylighting

2. Acoustics

Overall Cost

1. [Initial Difference

2. LCC

Pros versus Cons

The increase indoor environment is a major benefit of the

proposed redesign.

Pros

Increased IAQ
Contaminant Control

Warm Floor for
Kindergarten

Increased Thermal Comfort

6% Energy Reduction

30% Increased Ventilation
Decreased Mechanical Noise
225K Payback over 25yrs
Reduced Absences

Increased Test Scores

The redesign Is considered to be
feasible and Is recommended.

Questions?
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The increase indoor environment is a major benefit of the
proposed redesign.

con’s

e 50 Increased Initial
Cost

* Increased
Construction Time

The redesign Is considered to be
feasible and Is recommended.

Questions?



