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Cooling Tower = MONTHLY UTILITY COSTS

Lighting
27.8%
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center for sustainable landscapes

Phipps Conservatory
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center for sustainable landscapes

Phipps Conservatory OFFICE / CLASSROOM / CONFERENCE

I PHIPPS Il
), CONSERVATORY Phipps Employees / University Researchers

24,350 square foot

7
Dec. 2010 —Apr. 2012 @

~CENTER FOR »
7 SUSTAINABLE $20 million

LANDSCAPES Lump Sum with Contractor
T B&G WAREHOUSE

Phipps Conservatory & Botanical Gardens educates & entertains people with formal gardens & exotic plants
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mechanical systems
GEOTHERMAL FULL GROUND SOURCE ENERGY RECOVERY UNIT UNDERFLOOR AIR DISTRIBUTION
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driveway open offices, classrooms
+  Ground Source Heat Exchanger at 55 F + 2 MODES: Energy Recovery Ventilator & DOAS + Decreases duct runs
+ 2 pumpsat 2 HP, 1750 RPM ... in mechanical room + 12,400 cfm +  Perimeter diffusers
+  Small mechanical room + Enthalpy Wheel Economizer Mode +  Convective heat created from people, computers

water side air side
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sustainability

desiccant
dehumidification

natural ventilation

demand controlled
ventilation

building
management system

minimally
conditioned atrium

passive solar design

[1] LEED Platinum
[2] Living Building Challenge
[3] SITES Certification for Landscapes

10+ Consultants
32/32 LEED pts for mechanical systems

rainwater harvesting

constructed wetland

lagoon system
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evaluation

Energy Baseline Comparisions

B Energy Information Administration Baseline Center for Sustainable Landscapes

CRITERIA GRADE 120,000 $856,000
Space A 100,000 sx.900 oo $20 million
Comfort B 3 o000 —7aocs total costs
E BO, 000
Health & Indoor Air Quality A : 0
Controls & Maintainability D 20,000 . o building costs due to
° mechanical systems
Energy A SIZE FUNCTION LOCATION
Floorspace Office Mortheast
COStS C 10,001 - 25,000 SF
Sustainability A 75% = $35.15 per SF

Less Energy
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depths goals breadths

MECHANICAL

1 1

CONSTRUCTION
Bore Hole Optimization

] Green Roof
Spray Cooled Roof

DECREASE Initial Costs

> Similar Energy Performance >

ELECTRICAL
Direct Current Distribution

Full Geothermal
Hybrid Geothermal
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insulation

spray cooled roof
$ TBD

green roof

$141,000

$83,000 or $26 [ sqft

<qv | Layer of Misted Water in R~100 day
Summer R=0 night
R-7 Growing Medium [ 6”-A'+_.“ 1} " | Cast-in-Place Concrete R-1.8
R-o Drainage Course | | 2" ‘ 1‘:" || Drainage Course R-0
- R-40 Rigid Insulation (extruded 8" Rigid Insulation (extruded R-40
V polystryene) polystryene)
$44,000
/ R-1.5 ConcreteSlab | - " %% * :3-1/2" -~ L7 _a: 45 | Concrete Slab R-1.5
R-o0 Composite Steel Deck |+a. -, .m0~ =0 o - .7, 7| Composite Steel Deck R-0
]
_; R-48.5 R-43-143
3216 sgft 48% total 5645 sqft 85% total
PROJECT EXISTING PROPOSED $DEPTH12 $ DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




vendor modeling

SPRINKOOL SYSTEM INTERNATIONAL PHYSICS ASHRAE CLTD
l l l l g = UA (CLTD) corrected
Evaporative Heat 1-D Heat Flow U = 0.023BTU/hr*ft2F
Transfer Coeff ya Thotcuide Tousg Quasi-steady A = 5645.5SF
= 5.678 W/m2 R e IR s R state CLTD ADJUSTED FOR latitude-month, exterior surface color, indoor & outdoor
S design temp, solar radiation, insulation
1. Hourly Temperature Variation
WATER SURFACE ROOF OUTER SURFACE ~ ROOF INNER SURFACE _
. *  Design Month = AUG, 10 Hour Avg = 81.55 F
T - X - ' 2. Hourly Cooling Load Temperature Differential
- I MW e \./m e : +  CLTD(c) = [(CLTD(unc)) + LM) * K + (78 F = Tr) + (To - 85 F)] *f
= l R : | NG 3. Monthly Cooling Load Temperature Differential
/lf*'" G f/ffyﬂf' e o ara / \om *  Used for Usage Reduction in Energy Analysis
110l Tsolar = devap TArad  deona(water) = dcond(roof) deond(roof) = Grad(inside) 4. Peak Monthly Cooling Load Temperature Differential
1 gal H20 absorbs 8,265 BTUs in evaporation deonv 4 cona * dconu(inside)
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modeling

1. Hourly Temperature Variation

Monthlv Coolina Load T Diff - 4. Peak Monthly Cooling Load Temperature
Solar Time [hrs] 1-9 9 10 11 12 13 14 15 16 17 18 19-24 :fvgr 10 hr Avg 3- Ont y OO Ing Oa emperature I erentla leferentlal

| Daily RangeRatio | o 07|06 |04 |o02]01)o]o]ofoijoz| o | / |
nn'- Daily Range MONTH WAY JUNE JULY AUG SEPT OCT  AVG CLTD e
Da|Iy Range 23 23 CLTD (uncorrected) (uncorrected)

To=Drv B Ib 8 6 F 62.3 | 623 | 62.3 | 62.3 | 623 | 623 | 623 10 hr average
ﬂﬂﬂl = oh sverage -

LM (Latitude/Month (Latltude/Mo
nth
correction)

CLTD & LM

MONTH JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

correction)

2. Hourly Cooling Load Temperature Differential S
. -

Solar Time [hrs] 1-8 9 10 11 12 13 14 15 16 17 18 19-24 Avg

CLTD
(uncorrected) 34 49|61 71|78|79 |77 |70 |59 45
@14oohours

78F Tr

Tr=78F

(Latltude/Month 222212122122/ 2

.IIIIIIIIII-- 10 hr. Avg. ------
36 51|63 m 72 ]61]47] o | To=81.55F

nm

[ B hEB BB e EaE WA 61.3F
[ e A AR BB BRI A Mo. Avg. CLTD (c) 50 F GREEN ROOF CALCULATOR

1 1 1 1 1 1 1 1 1 1

nmmn| by Portland State University, added to EnergyPlus
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schematic layout water usage

Roof Spray Piping Array

SHORT misting time

ROOF Hydrants (3 v .
e i 495 feet of 1" pipe
o QUICK frequency rate
304" 4 | ; 19 nozzles based on room temp sensors
lem:ts;h i Rainset YE ==
MECHANICAL “‘ J Sf:tu?%:‘m& ) S'?E':f" 1.492 kWh Hrs./Day (Pittsburgh, PA)
ROOM FROM s April-October e enoTa A 580 gal/day
Pittsburg L
Water r 9am-6pm E_ Ga|/5qft perday
Authority 2" - ¢ 7] Gal / sqft per hour
AHU . ) - ‘ - . . Usage days per month 105[ 914 gal/month
GROUND Spray Piping Array I 15, Usage hours per day
r 0 ’ N il N ” ” ° - ° Gal / sqft per month
A AN A 5
N Cooling . . . . . Hz0 gal / month $10592 / month
| . Tower o <- Hydrant H20 $ / 1000 gal
Reuse Tank @ 227 — H20 $ / month
1500 gal Submersive Pump 786 gpm 1SI

Reuse Tank (1500 gal)

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY CONCLUSION
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Reduce cost of ground loop length by adding an auxiliary heat rejecter

[ depth 2 ]
hybrid geothermal
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downsizing cooling tower

87°F °F :
* / 9 1. Select Maximum Wet Bulb Temperature
Twb for Pittsburghis 73 F
75°F
. [
. COOLING COIL PEAK  HEATING COIL PEAK 2. Set Cooling Range
ey * Tentering—Tleaving=95F-85F=10F
605,880 BTU/hr 397,007 BTU/hr
3. Set Approach Temperature
LOAD COVERAGE BY o TwmErared T v & = B Feon F o
REDUCTION GROUD LOOP HEAT RESULTING COOLING WatEr e R E 7z = S
TOWER SIZE Hot water |2 (Rt
EXCHANGER . . A S A
4. Adjust Fluid Flow
0% 605,800 BTU/hr o tons q
< 225 brown shale & clay, red shale, dark gray shale, red & gray shale 10% 545,400 BTU/hr 5 tons ) M H20 = Co*AT cooling range
225 — 325 gray sand shale >0% 485,800 BTU/hr 10 tons 5. Choose COOIing Tower induced draft counterflow
> 32 sand rock - tower with flow

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION 22



LENGTH
COOLING

INPUTS

OUTPUTS

boreholes

Le =

Ground Loop Sizing Spreadsheet Program based on ASHRAE

Load Coverage by Cooling 0% 10% | 20% 30%

Tower

Ground Loop Heat

Exchanger Length [ft] 6885 5377 | 4055 2919
PROJECT EXISTING

Qa - Rga + [qe = 3.142 - W] - [Rp + PLFy * Rgm + Rgg * Fsc ]
t T t' 0
g - { - A - } -
Building Area 24,350 SF
Ground Loop Load 50.49, 45.49, 40.49, 35.49  ton
Outdoor Design Temp 87 F
Indoor Design Temp 75
Balance Temp 65
Total Heat Pump Capacity | 109.8 ton
COP cooling 6.24
Pipe Resistance 0.048 hr-ft-F/BTU
Soil Resistance 0.25
Mean Water Temp 70 F
Mean Earth Temp 55

PROPOSED

ROOF

MECHANICAL
ROOM

GROUND

Water
FROM

wells

S DEPTH 1

schematic

Air Handling Unit 70.6°F Plate o
AHU & Diverter Exchanlﬂfj“F |
Heat Pump Valve ol

O

R

Y 26.1gpm | Tower

. - e

BSF
Air 1F
TO & FROM
Building
| Expansion Tank
3II y
[ Electric,
Pressure, or
Temperature
Contrals Meter
Duplex Basket @ P-1 Pumps Pumps
Strainer {duty) 2HP
2HP
'
F Chemical Feeder 6
2.8F
5 5 & One Shot 0
E
&
" o
3 ] —
| L L
Water
Y74 TO
Geothermal i.“ l‘k.i JIJLJ A 1'1/4 'I"r F“ r“" "r| ) Geu?“:llrglzlrsmal
$DEPTH 2

& BREADTH

controls

g =rm* Cp* AT
Specific Heat (Cp) = 0.917 BTU/Ibm-F for 20% ethylene
3 gpm/ton assumed

5TON 15 TON
Cooling Tower 0% Cooling Tower 10% Cooling Tower 30%
T entering T exit T entering T exit T entering T exit
63.7F 55 F 62.8F 55 F 3] 61.9F  55F
- L ton=
ton
100% 90% 70%
6885 ft 5377 ft 2919 ft
Length Ground Loop Length Ground Loop Length Ground Loop

Activate

Cooling Tower -

if T entering

ENERGY

>62.8F

COSTS

>61.0F

10 TON
> 61.9

CONCLUSION




cooling tower selection piping & pumps structural
DRILL + SPACE + COST + ENERGY Longest Run =730 ft = 210 reduction =

— =
v

Concrete Slab on Comp. Steel Deck

r

|
|
e

I A e e i N
(20 ton) Rooftop AHU & Heat Pump l;' | ¢ {J_U_u_u_“p e :
Borehole Length [ft] 6885 4055 2830 ft ~ v 0 |
W ow ks
Borehole Depth [ft] 500 320 180 ft 28"
Temperature Entering
Ground LOOP [F] 637 61.9 N 320" - 22 Pump
Annual Cooling Tower 6 in Mechanical Room
Consumption [kWh] i 59-5
Days of Installation 30 14 16 days
Initial Cost [$] $100,000 $ 02 $46,598 .
! 5314 42159 Bell & Gossett, Series 1510 2AC
Space Needed [sqft] 3270 3010 260 sqft PUMP
$30.50 $17.74 $12.76 FL?(\;’YD;?TE H;i?{';ﬂ PO'\\”'VOELO;P] SPEED FLA [460V] EFFICIENCY
Gus saa0 s 20ton cooling tower Energy Recovery Unit

152 34 2 1750 4 67% 442 lbs (36" diameter) << 5,012 |bs

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY CONCLUSION
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Optimizing boreholes for most economical installation
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borefield site layout

SITE LAYOUT

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




SITETERRAIN & EXISTING BOREHOLES

¢
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borehole optimization

# BORE HOLES AREA

TIME

DRILL RIG é LENGTH, e DEPTH
> D < 2 DRILLING OUTPUT |
= > Erauiine Labor Months of Operation
- : $1737/day’ 500 ft/day $0.2 /f‘E $70hrs/day*8hrs/day*2people
E Varying Gro.u.nd Loop o 2 D) < 2 = = o ii 7 y y*2peop
E Capacities $2115/day, 333 ft/day $0.59/ft Cooling Tower .
D > 325 Welding $1185, $1562, $1856
$2417/day, 250 ft/day $25/weld, $55/day
N
= w
2 U 6838
¥ o1 5377 140 — 500 ft 649 1,387 — 11,680 SF
=z 4055, 2919 ft
n
I:_) 5TON: July =Sept [ 3 months ]
& 8 — 30 days $28,541 - $119,194 10 TON: June-Sept [ 4 months ]
2 15 TON: May-Oct [ 6 months ]
PROJECT EXISTING PROPOSED $DEPTH12 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION
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out |

-
.r—-",

borefield site lay

;j{,
POSSIBLE POSSIBLE
19,000 sqft 80 bores
DRIVEWAY DRIVEWAY
4,000 sqft 30 bores

'~,‘i ' ;f‘ M ; —
TOTAL MAX BOREHOLES

PROJECT EXISTING PROPOSED $*DEPTH 1 G DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




borehole optimization
5377 ft, 5 ton 4055 ft, 10 ton 2919 ft, 15 ton

Ground Loop 90%, Cooling Tower10%

Ground Loop 80% Coollng Tower20% Ground Loop 70%, Cooling Tower30%

alsqft

-'rll-r 3

IIIIIIIIL'L"“"""I|
IIIIIIIIIIiiii

ENERGY

COST

L
:()
o
n

B §
ke .
;Iliﬂnﬂﬂﬂﬂﬂillleyj:

6885 ft loop . 510" depth . $100,000 320 ft depth 3010 sqft $';8 4,00
PROJECT EXISTING PROPOSED $DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




borefield site layout

b O g -

i : —

—

HYBRID GEOTHERMAL FIELD SELECTION
¢
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borefield site layout

) 0 [ g = == -
. | -~ F 9 SNy || EFE- T o — :
- v — ' H IR = e 5
A : ! ~— - —r " —_— _“ T ey K > .
! . 3 4 ... - - -4.‘ \._.‘-_ : v - °
F , - e - R LN -l — \
| | : - - = - Sl e v !
) i - - . e . — Ao
. . . : x e — ’ - !
13 wells -. Vs Vgegd s . |
i . - J , e = g i
‘ ; . . / e P 3k - o ne N
) p " - hA ) ,.".- © - gL
- g ; - 4 \ o
i

Drilling $ 29,506.87
$ 5,604.14

320 ft depth

@ 16 DAYS Saved

Not on Critical Path

s 1562539
Cooling Tower

TOTAL $53,401.86

-~ e -

¢
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spray cooled roof hybrid geothermal

SUMMER MONTHS SAVINGS ELECTRICAL CONSUMPTION SUBSYSTEM
[kWh] Pumps &
Usage Reduction (kWh/Mo) 145000 o Equipment
Lighting 27.8% 22.9%
= U*A*CLTD(c)*(Hrs/Mo.) | [EER*1000] e
glele 3.56
143000
Annual Energy Savings Comparison ROOF
: COVERAGE 142000 Cooling 11.3%
Dark Roof Supply Fans
ark Roo ‘ - 141000 - 11.3% Receptacles Heating, 3.4%
Green Roof ‘ 1214 kWh |~ el 140000 | 23.3% e
by E+ Calculator  § ‘ EXISTING REDESIGN
Spray Cooled POLLUT'ON

by ASHRAE CLTD [

2
Annual Energy Savings Compared to a Dark Roof [kWh]

Electrical Consumption
Total Building Energy + 7,855 kBTU/yr 242, 178 [bs
Total Source Energy + 33,570 kBTU/yr + 4,302 lbs polluta nt

per year

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION
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initial operating payback
MONTHLY UTILITY COSTS SPRAY COOLED

=—#—Existing Full G5HP & Green Roof

W EXISTING REDESIGN

14.6 years

[10 min. maintenance/ year]

$150,000

$100,000 -

green roof economically infeasible
[$2/sqft/year]

$50,000 -
$53,402

$1.55/sqft

$8,751
- Green Spray Cooled | Full Hybrid HYBRID GEOTHERMAL
ROOF GEOTHERMAL . "
_ $132 688 47 _ $l|.6 59814 JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT MOV DEC #Years for addltlonal energy COSt to
S ’ equal difference saved in up-front costs
$179,286.61 35 $/SF TOTAL $14,580.97 DIFFERENCE + $362.97 — 190
decrease in initial cost to 28 $/5F +3% increase in annual utility costs [years before hybrid not worth it]

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION
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Redesign DECREASES Initial Costs & MAINTAINS Similar Energy

$DEPTH 1

[ conclusion ]
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recommendations

energy, costs, aesthetics

DEFINITE ADDITIONS

Hybrid Geothermal
+ 3%

in annual utility costs

- $179,286

in initial cost

POSSIBLE ADDITIONS

Spray Cooled Roof
for Phipps Owner & goals, +$132,000 seems worth it
for added aesthetics & occupiable space on roof

¢
PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION 38
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DRILLING OUTPLT

Grouting
$0.25/ft
Piping
$0.59/ft
Welding
$2ciweld, $5o/day

1,387 — 11,680 SF

8—30 days
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initial costs payback

Table 45 Green Roof Initial Costs Table 46 Spray Cooling System Installation Costs Table 49 Spray Cooled Roof Payback Analysis

ITEM ITEM COST CSL SPECIFICS Cost of Implementation
Flashing FlexFlash F 1678 Sprikool RoofSpray System $1.5¢ | sqft Installed onto 85% of the Roof(5645.5 $8,750.53 Initial Cost of Sprinkool Roof Spray System $8,750.53 (%155 [sqgft)
Flashing FlexFlash UNreinforcing 7321 (Piping & Controls) ' SF) T Operating Cost Per Season
Gardendrain GR30 10476 Above-Grade Storage Tank ;:ﬁziferlnm Unground Water Basin Already Exists o Water Usage Annually $105.92
Hydrodrain 300 Panel !
T drnﬂramgnn ane’s 2337 c cting Pi $16 per lineal foot Connecting Pipe to RoofAlready 5 = SHumg_EPEf e
T ':: E; 3.? ;552 onnecting ripe drainto coil Exists due to Green Roof Annual Savings $702.54
ite Top Soi a5 Less Annual Costs $105.92
Lite Top Aggregate 683 Met Annual Savings $0ob. 62
Lite Top Growing Media [Manufactured Growing Pavback
Media 9956 MAINTENANCE Y . .
: : : ] Costof Implementation /Net Savings per 14 6 seasons
Metal Edge Restraint Soil Retainer 9334 Green Roof: $1.25 - $2.00/ ft 2 (only for the first two years) Season
Root5top RootBarrier ggbo
Surface Conditioner for Vegetated Roof 449 Hybrid Geothermal
Walkway Pavers & Adjustable Pedestal 34011 Spray COOIGd: Winter: drain, bIOW down | Spl‘lng: Star’[up Compared to the full geothermal system, the hybrid geothermal costs $46,598 14 lessin up-front costs.
Holover Pavers 24300 10 minuteS / year The energy simulation shows that the addition of the 10 ton cooling towerin this hybrid geothermal
Mﬂﬂﬂlfth'c Membrane 6929 system (which would only operate onlyin June, July, August,and September)wouldonly cost $362.97
AdhE‘E"“'E'.ESE“E"E'”t 5632 more peryear. Thus, itwould take approximately 120 yearsfor the additional energy costs of the
S?STE_”" Filter 2568 hybrid geothermal systemto equal the difference saved in up-front costs. Thisamountoftime seems
Aluminum Flat sheets 5000 largerthan expected. This may be due toan energy model simulation issuethatwasa resultof how
Lol $141,439 Trane TRACE models cooling tower.
PROJECT EXISTING PROPOSED $ DEPTH 1 $ DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




EXISTING: Green Roof CRITERIA REDESIGM: Spray Cooled
B Energy A
For providing nominal energy savings For saving a total of 4540 kWh
throughout the summer, yet adding an throughout the summer months by
additional layer of insulation in the maximizing cooling coverage to 85%
winter. of the roof.
D Cost A
For costing $114, 439 for the complete For only costing $8,750 to install, g4%6
green roof system. less than the green roof.
A Aesthetics C
For creating a pleasant roof space for For having a piping array in place of a
occupants to enjoy green space
PROJECT EXISTING PROPOSED

S DEPTH 1

$ DEPTH 2

& BREADTH

EXISTING: Full Geothermal CRITERIA REDESIGN: Hybrid Geothermal
A Energy B
For only consuming $14,218 per year in For causing an increase of only a few
electricity hundred dollars more annually
D Cost A
For costing $100,000 in installation For reducing initial costs by nearly
fees $47,000

ENERGY

COSTS

CONCLUSION




controls

g=m= C, = AT
¢ where:

o q=downsized ground loop capacity corresponding to the cooling tower coverage [BTU/hr]

o m = fluid flow [gpm]
= 3 gpmfton assumed based on ASHREAE recommendation
* max cooling load for C5L = 50.49 ton (calculated via Trane TRACE)

o Cp = specific heat for 204 ethylene glycol solution [o.917 BTU/Ibm-F] (using this solution in the
pipes is recommended by ASHRAE due to its lower freezing temperature)

o AT =T in-Tout of the ground loop heat exchanger
* Toutduring cooling months assumed to be 55 F based on the ground temperature and

required temperature needed by the heat pump
e Example Calculation at Full Load:

o 605880 BTU/hr = (3 gpm/ton * 50.49 ton * 6o min/hr * 8.33lbm/gal) * 0.927 BTU/Ibm-F *(Tin —

55)

o Tin =63.7 F for existing full geothermal system (this is the temperature that the entering water

temperature must be in order for it to exit at 55 F)

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH

ENERGY COSTS CONCLUSION




green roof calculator borehole sizing computer program

GEOTHERMAL VERTICAL GROUND LOOP DESIGN
allows engineers to compare the annual energy o
performance of a building of a white roof and dark roof with a vegetative green roof. o I
5 P vani : . Total Building Load (Ton)=50.48  Bidg Area 24000 SqgFt
o Te— This physically based energy balance was developed by researchers at Portland State DFiiﬁﬁiﬁiiiﬂiﬁ%iii 0 SaLFUlTon o
Type New Office Building University and the University of Toronto. ot N T €715
TotalRoof Area 568598 saft * long and short wave radiation exchange within the canopy e Roagones g
Green Roof Area 3216.28 sqft Sgil Resisance (HrFt°FIBTU)= 0.25
Percentage 48.1% (multiple reflections, shading) Average Watr Tomp. (%)= 10
REestof Roof Dark (0.125 albedo) Concrete Pavers . . Hean Earth Temp.(F)= 55
Growing Media Depth 8 inches  effect of canopy on sensible heat exchange among the ambient BnaTa
Leaf Area Index 2 . . Location: PTTSBURGH
Roofimgated? - air, leaf, and soil surfaces U, M tgm v
* thermal and moisture transport in the growing media with =2 g o
moisture inpUtS from prECipitation (and irrigation ideSifEd) Eg E% EE EE E%E
Soties oo e  evaporation from the soil surface and transpiration from the carcuramons o
ota o5 avings 101,14 . BIN Range Bld_lgiohl;ad He;toll:::lﬁl'nﬂ'
vegetation canopy O ol
] . . . . . . 85190 63.07 26.76 Total GroundLoop Length= 6834, 63
e ARk ROOF 185 GREEN ROOF The growing media characteristics for were set as follows: thermal oo B e S —
summer Average [Wjm2] 5.1 374 conductivity 0.35 W/mK; density 1100 kg/m3; specific heat 1200 S nok
Summer Daily Peak Average [W/mz] 207.4 15903 ] ! . . / ] . ggg g;
JIkgK; saturation volumetric moisture 0.3; residual volumetric = =
moisture 0.01; initial volumetric moisture o.1. w0 s
PROJECT EXISTING PROPOSED $DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION



http://greenbuilding.pdx.edu/GR_CALC_v2/grcalc_v2.php
http://greenbuilding.pdx.edu/GR_CALC_v2/grcalc_v2.php

GSHP @ 100% Load | Cooling Tower @ 0% Load

=

+J

§' Total # Depth Drilling Piping Grouting Labor Cooling Total

=8 Length Boreholes Borehole $ $ $ $ Tower s $

a
6885 14 500 29.47 71224 9986 1721 33004 0.00 115935 3270
6885 14 480 29.55 71418 |9990.42| 1721 33094 0.00 116223 | 3407
6885 15 460 29.64 71629 |9995.22 | 1721 33192 0.00 116537 3555

w | 6885 16 440 29.73 71859 | 10000.5| 1721 33298 0.00 116879 3716

| 6885 16 420 29.84 72111 |10006.2 | 1721 33415 0.00 117254 3893

O | 6885 17 4,00 29.95 | 72389 |10012.5| 1721 | 33544 0.00 | 117666 | 4088
6885 18 380 30.08 72695 | 10019.5 | 1721 33686 0.00 118122 | 4303
6885 19 360 30.22 73036 | 10027.2 | 1721 33844 0.00 118628 | 4542
6885 20 340 30.38 73416 | 10035.9 | 1721 34020 0.00 119194 | 4809

w | 6885 22 320 23.69 50100 |[9668.11| 1721 26530 0.00 88020 5110

™ | 6885 23 300 23.89 50525 | 9679.15 | 1721 26755 0.00 88680 5451

5 6885 25 280 24.12 51010 | 9691.77 | 1721 27012 0.00 89435 5840

o | 6885 26 260 24.38 51570 [9706.34 | 1721 27309 0.00 90307 6289

Y 6885 29 240 24.69 52223 | 9723.33 1721 27655 0.00 91323 6813
6885 31 220 18.15 31529 | 9363.6 1721 20330 0.00 62943 7433

20| 6885 34 200 18.59 32290 | 9387.7 1721 20820 0.00 64219 8176

C 6885 38 180 19.13 33220 | 9417.15 | 1721 21420 0.00 65779 9084

o 6885 43 160 19.79 34383 | 9453.97| 1721 22170 0.00 67728 | 10220
6885 49 140 20.66 35878 | 9501.3 1721 23134 0.00 70234 11680

PROJECT EXISTING PROPOSED

borehole optimization

GSHP @ 80% Load | Cooling Tower @ 20% Load [10 tons]

<

-

§' Total # Depth Drilling Piping Grouting Labor Cooling Total

=8 Length Boreholes Borehole $ $ $ $ Tower s $

a
4055 8 500 17.36 41948 | 5881.37 | 1014 19438 | 156171 | 69843 1926
4055 8 480 17.40 42062 | 5883.97| 1014 19491 | 156171 70013 2006
4055 9 460 17.45 42187 | £886.8 1014 19549 | 156171 | 70198 2094

L | 4055 9 440 17.51 42322 [5889.89| 1014 19611 | 156171 | 70399 2189

1 4055 10 420 17.57 42471 | 5893.27| 1014 19680 | 156171 | 70620 2293

a 4055 10 400 17.64 42634 |5896.98 | 1014 19756 1561.71 | 70862 2408
4055 11 380 17.71 42815 | 5901.09 [ 1014 19840 | 156171 | 71131 2534
4055 11 360 17.80 43015 [ 5905.66| 1014 19933 156171 | 71429 2675
4055 12 340 17.89 43239 | 5910.76 | 1014 20036 | 156171 | 71762 2833

w | 4055 13 320 13.95 29507 | 5694.14 | 1014 15625 | 156171 | 53402 3010

\Nf;‘ 4055 14 300 14.07 29757 | 5700.65| 1014 15758 156171 | 53791 3210

a 4055 14 280 14.20 30043 | 5708.08 | 1014 15909 | 156171 | 54236 3440

ol 4055 16 260 14.36 30373 | 5716.66 | 1014 16084 | 156171 | 54749 3704

N 4055 17 240 14.54 30758 | 5726.67 | 1014 16288 | 156171 | 55347 4013
4055 18 220 10.69 18569 | 5514.8 1014 11973 1561.71 | 38633 4378

o | 4055 20 200 10.95 19018 [ 5528.99| 1014 12262 | 156171 | 39384 4815

C 4055 23 180 11.26 19565 | 5546.34| 1014 12616 | 156171 | 40303 5350

o 4055 25 160 11.66 20250 | 5568.02 | 1014 13057 | 156171 | 41451 6019
4055 29 140 12.17 21131 | 5595.9 1014 13625 | 156171 | 42927 6879

$DEPTH2 $ DEPTH 2 & BREADTH

GSHP @ 70% Load | Cooling Tower @ 30% Load [15 tons]

=

)

§' Total # Depth Days Drilling Piping Grouting Labor Cooling

=8 Length Boreholes Borehole y $ $ $ $ Towers

a
2919 6 500 12.49 30196 | 4233.72 730 13993 | 1,855.72 | 51008 1387
2919 6 480 12.53 | 30279 |4235.59| 730 14031 | 1,855.71 | 51130 | 1444
2919 6 460 12.56 30368 | 4237.63 730 14072 | 1,855.71 | 51263 1507

w2019 7 440 12.60 30466 | 4239.85 730 14117 | 1,855.71 | 51408 1576

,\m 2919 7 420 12.65 30573 | 4242.28 730 14167 | 1,855.71 | 51567 1651

o 2919 7 400 12.70 30690 | 4244.96 730 14221 | 1,855.71 | 51742 1733
2919 8 380 12.75 30820 | 4247.91 730 14282 | 1,855.71 | 51935 1824
2919 8 360 12.81 30965 | 4251.2 730 14349 | 1,855.71 | 52150 1926
2919 9 340 12.88 31126 | 4254.87 730 14423 | 1,855.71 | 52390 2039

w | 2919 9 320 10.04 21241 | 4098.94| 730 12248 | 1,855.72 [ 39173 2166

s 2919 10 300 10.13 21421 | 4103.62 730 11343 | 1,855.72 | 39453 2311

5 2919 10 280 10.23 21626 | 4108.97 730 11452 | 1,855.71 | 39773 2476

:m 2919 11 260 10.34 21864 | 4115.15 730 11578 | 1,855.71 | 40143 2666

~ 2919 12 240 10.47 22141 | 4122.35 730 11725 | 1,855.71 | 40573 2889
2919 13 220 7.70 13367 |3969.84 730 8619 | 1,855.71| 28541 3151

@D 1 2919 15 200 7.88 13690 |[3980.06 730 8827 | 1,855.72 | 29082 3466

c 2919 16 180 8.11 14084 |3992.54 730 9081 | 1,855.71 | 29744 3851

0| 2919 18 160 8.39 14577 | 4008.15| 730 9399 |1,855.71| 30570 | 4333
2919 21 140 8.76 15211 | 4028.22 730 9808 | 1,855.71 | 31632 4952

JAS



loads & schedule

Table 2 Heating, Cooling, Ventilating Factors Contributing to Building Load

. - Power Lightsforthe open office areas are high performance, energy efficient T-5
Weather Design OutdoorConditions s
e DrvBulbT 84 F ( ), o F (winter) Densities fluorescents or LEDs.
ry Bulb Temp: 84 F (summer), g F (winter L ] .
e Wet Bulb Temp: 73 F (summer) L.'ghr.'r‘}g, o Classrooms: 1.4 W/sgft, 2 workﬁtatllom
Electrical, * Conference: 1.3 W/sgft, 2 workstation
Desired Indoor Conditions Mechanical * Mechanical: 20 Wisgft ) )
* Heating & Cooling Setpoint: 75 F * OpenOffice: 1.1 W/sgft, 20 workstations (based upon the number of chairs Table 12 Pumps [ Equipment [ Stand-alone Base Utilities Demands & Schedules
* Relative Humidity: 50% from designdocuments)
* Reception:1.3 Wisgft, 2 workstation TYPE HOURLY DEMAND [kW] SCHEDULE
Occupancy 367 persons [2st: 240, 2nd: 122, 3rd: 115 ] _ —— : ElevatorFan 0.0373 Office Schedule(Tablexg)
®  Atrium: 200 sgft/person Envelope The facade is a combination of: BarkinalotLiah z %
* Break Room: 16 people Construction * Salvage barn siding arkinglLotlignts 2.973 F”T' —jam: 100
® (lassroom: 31 people * Motorized upper glazing Elevator 18 Office Schedule (Table 5)
®» Conference: 10 people e  Metal light shelf Wetland Fumps(2) 0.2487 1 hr/ day
» Lobby: 200 sgft/person * Operable windows: High Sand Filter Pump 0.373 1 hr/ day
e Office: 20 people performance, low-e (low-emissivity) LagoonPump 1.402 April-October: 100%
®* Reception:143 sgft/person windows provide solar a.r'ld th err‘n.al i e, T Wpump 0.g9325 1 mj" I::|EI‘:.-r
control and energy efficiency, while Figure 4 Facade of CSL
Schedules Office (Weekdays Year-Round) admitting maximum daylight.
* 6am-8am: 50% load » GlassFiber Reinforced Concrete Precast Panels

* B8am-5pm: 100% load ¢ Backup of exterior studs

* High performance wall and roof insulation reduce winter heat losses and
surmmer heat gains

* cpm-7pm: 50% load

PROJECT EXISTING PROPOSED S DEPTH 1 $DEPTH 2 & BREADTH ENERGY COSTS CONCLUSION




