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Learning Objectives

* Importance of schedules inside energy models

 Difference between sum of the peak loads vs. block loads

* Difference between reduced weather data vs full weather data

GEOptimize.ca




Earth Energy Resource

« Constant earth temperature

« Variable outdoor air temperature
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Earth Energy Resource

* Plastic pipe transfers heat to volume of earth
« Heat exchange fluid is pumped through the pipe

* Pipe is connected to a heat pump
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Conventional HVAC System Design

* Pipeline large enough to meet peak heating load on the coldest day
« Cooling tower dissipates heat by evaporating water

« Energy available if utility is paid

Heat blown away
by the wind
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Infinite energy source from gas utility
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Infinite heat sink from water utility
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Conventional HVAC System Design

Design and Operating Gonitions naerbuion Syzem ccnsmen iz @ \Janufacturer designs cooling towers or air-

Tower Type: Counter Flow Induced Draft ~ Stand Pipe: PVC

R —— i o = cooled condensers to meet peak loads at
LeavlngWata'TemperlaMre 85:F llﬁ:hanllr:alEqulpmnnt peak dGSlgn Cond|t|ons

—= S  Designers need the peak cooling load to
———————— . o select a cooling tower from a website or
:::;L:::I:s e :::i:lt:r Volume: 8,100 CFM Cata I Og

Overall Height: 68 3/8" = 5 h

Dry Weight: 223 Ibs.
Operating Weight: 1,205 Ibs.
Basic Tower Construction Materials

Tower Support Frame Assembly FRP

Casing: FRP
Casing Supporters MNylon
Cold Water Basin FRP
Filling: PVC
Filling Supports: PVC
Fan Guard HDGS

Mechanical Equipment Supports: HDGS

Inlet Louvers: PVC

Bolts, Nuts & Washers: STS Water Flow (GPM): 88 GPM
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Conventional HVAC System Design

Inlet Pressure 5 psig
Pressure Drop: L5 psig -
Length Calculated Flow (Natural Gas)
(ft) (Cubic Feet of Gas Par Hour)
CTS IPS
Nom OD 12 1 374 1 1.1/4 112 2 3 4

DR 7 11.5 11 1 10 11 1 11.5 1.5
ID 0.436 R 0.848 1.062 1308 15634 1917 2 855 3.670
0 481 3413 | 217 S007 G 2 13181 23704 | 61535 | 130791
20 N 2346 14904 3447 54960 qn59 16252 46416 a88492
30 266 1884 1529 2764 4786 72748 13083 37274 72186
40 22T 1612 1309 2365 4096 6226 11187 390z 61782
al 202 14249 116l 2096 J631 ha18 9924 28274 54756
511] 183 1295 1051 1899 32490 5000 2992 2618 496513
70 168 1191 g7 1747 2026 4600 2272 23568 45643
80 156 1108 gag 1626 2815 4278 7696 A6 | 42482
a0 147 1040

100 139 qg2

125 123 aro

140 111 789

175 102 T26

200 95 GBS

250 a4 5485

300 7B 542

350 7n 485

400 85 464

450 &1 435

00 58 411

E00 a3 373

oo 45 343

oo 45 349

Qo0 42 289

1000 40 283 TR ;

1500 a2 227 7T 876

2000 27 184 493 a0
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| * Gas utility provides tables to select gas

pipe size needed for selected
equipment

* Designer need peak heating load to
size the pipe line




Conventional HVAC System Design

« Equipment is selected to meet the peak heating & cooling loads
« Qversizing equipment is not cost prohibitive

* The system is designed and installed

Design

Client Looking for HVAC Design

Heat loss / gain

v

Select equipment / design system
v

Specifications & Drawings

y

Implementation Construction, QA/QC

Commissioning, Training
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Peak Loads vs. Total Loads

* Church, retail store and apartment
* Peak cooling loads are identical — 480 kBtu/hr (40 tons)
* Peak heating loads are identical — 385 kBtu/hr

Peak cooling: 480 kBtu/hr
Peak heating: 385 kBtu/hr

——

Peak cooling: 480 kBtu/hr
& Peakheating: 385 kBtu/hr |
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Peak cooling: 480 kBtu/hr
Peak heating: 385 kBtu/hr
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Peak Loads vs. Total Loads

 Different occupancy creates different annual total heating and cooling loads

« Heating / cooling ratio impacts sustainability of GHX

Church Retail Apartment

Clg kBtu Clg kBtu/hr Htg kBtu Htg kBtu/hr Cig kBtu Clg kBtu/hr Htg kBtu Htg kBtu/hr Clg kBtu Clg kBtu/hr Htg kBtu Htg kBtu/hr

Jan 3820 8 189734 385| Jan 19906 93 89734 385|| Jan 5560 25 159734 385
Feb 6202 23 135120 366| Feb 28202 110 65120 346|| Feb 7840 83 112120 360
Mar 12177 76 81304 312| Mar 30177 215 41304 240(f Mar 14177 185 71304 305
Apr 16800 216 36614 170| Apr 40866 285 16614 110{| Apr 28866 260 30614 155
May 24640 367 11152 65| May 53946 396 3152 35| May 43946 329 11152 60
Jun 46285 446 3180 5] Jun 82094 446 180 Ofl Jun 72094 423 8545 45
Jul 52680 480 886 0| Jul 102358 480 0 ofl Jul 92358 480 7650 43
Aug 49068 465 1725 0| Aug 102393 439 125 Off Aug 78393 447 7550 45
Sep 38560 314 5479 53| Sep 89245 360 2379 26| Sep 59450 360 8479 53
Oct 13821 121 24702 137| Oct 63821 223 9702 128|| Oct 19821 169 18702 132
Nov 7571 62 98784 298| Nov 41571 135 36784 251{| Nov 8690 79 66784 269
Dec 4884 10 176775 348| Dec 27884 102 76775 331|| Dec 6570 22 126775 340
276508 480 765455 385/ 682463]  480] 341869 |_437765)_ 480) 629409} 385

Annual Cooling / Heating Ratio:| 2.8to 1 Annual Cooling / Heating Ratio: 2.0to ﬂ Annual Cooling / Heating Ratio: 0.7to 1
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Peak Loads vs. Total Loads

* GHX more similar to a battery compared to a conventional system

* GHX temperature for church and retail store fall outside efficient operating parameters

* Can’t design off of peak loads and rules of thumb

Church | | Monthly DataI | m Monthly Data Apartment Monthly Data
1 1 l 1 1 T T
A A —— Minimum EWT
i 1 - - Maximum EWT
60 - 80 . 701
£ 50 < 70 60|
2 @ 2
| 5 S
g g g
-4 2 2
£ = =
= 40 2 60 2 50
30 v V U V v = 50 |- - 40 -
| | = Minimum EWT i E = Minimum EWT -
~ Maximum EWT Maximum EWT
20 | | | 1 40 1 1 1 1 30 | |
0 24 48 72 96 120 0 24 48 72 9 120 0 24 48T, S 72 96 120
Time(Months) Time(Months) ime(Months)
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Earth Energy Resource Engineering

« Conventional HVAC system does not consider total annual heating and cooling loads

 The gas line and cooling tower are sized on peak loads
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GSHP System Design Process

Feasibility Client desires GeoExchange system
¢ ¥ Y
The Building < Mechanical System |« Site & geology |« 1
_ | — : ,
5 5 5 7 1 Hybrid :)ptlons
Vertical GHX Horizontal GHX Pond, lake HX Open well Standing column Integrated Design
I I I - | ! Process
> Energy Cost Construction Cost ‘
| |
] ) v
Confirmation Test Drill/Excavation TC Test
F ’ 3
Design Design GHX Design system
| v ]
Specs & Drawings

v

Implementation Construction, QA/QC Design conventional
v HVAC system if
Commissioning capital cost too high

- or site unsuitable for
IOperation Operator training I GCHP system
GEOptimize.. U
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Building Heat Transfer — Envelope Conduction

« Heat is conducted through all surfaces and
exposed to the outdoor air temperature

« The amount of heat transferred is directly
proportional to the AT between the indoor &
outdoor air temperatures
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Building Heat Transfer - Internal Gains

» Occupants, lights and electrical equipment
emits heat into the space

 Building use affects the amount of heat
contributed by internal gains
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Building Heat Transfer - Solar Gains

« Solar heat is transferred to the building
through windows

« Amount of solar heat is affected by window
to wall ratio and solar heat gain coefficient
(SHGC) of windows

 Affected by internal and external shading
devices
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Building Heat Transfer - Ventilation

Heating or cooling is required to condition
fresh outdoor air

Ventilation rate is variable based on
building type

_—

Ventilation heating or cooling is highly
dependent on climate
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Zone Loads

* Peak loads in different building zones are not coincidental

* Use of the space and exposure to environment impact peak zone load times

450
400

> ollm O = HHI

Peak zone load

o
o

Cooling kBtu/hr
3

= NN W
u
o

()]
o

o

9 12 3 &6 9 12 3 &6 9 12 3 9 12 3 6 9 12 3 6
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
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Block Loads

* Hourly loads for each hour are aggregated to determine peak block loads of building

* Peak block loads in this example occur at 3:00 pm

1,600

1,400

£ 1,200
~

2 1,000
ke~

I::o 800

= 600
o

S 400

200

0

9:00 AM 12:00 PM 3:00 PM 6:00 PM
EZonel BWZone2 MWZone3 [OZoned4 HEZoneb5
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Peak Loads vs. Block Loads

* Peak loads in each zone are not coincidental and occur at different times
* Peak block loads are the loads transferred to or from the GHX

* Stacking safety factors can have unintended consequences

g 1,200
= 1,000
.Y
S 800
8 600
© 400
200
0
Sum of Peak Loads Peak Block Load
EZonel BWZone2 [@Zone3 [OZoned4 MZoneb5
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Energy Modelling — Schedules

« ASHRAE 90.1 for envelope U-values and internal load density
« ASHRAE 62.1 for ventilation

« Scheduling internal heat gains is sometimes challenging
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0. &ir 6 0. 607 ™y iy E.a-:vj ;
1
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0.50 - 0.50] - \ 0.50 i | -:-.'E-EJ Vi |
!l i ! !
. 4 4 . 407 o | \ . 40
f ol - -. U] -
e 3 0.30 |4 ! | 0.3
| b J
& . 20 P el memnmman 0.20 v iy .;:-_E‘-'}‘ | ."i-. Z _;I . F i
0.1 G.10 0. 1N, I . 10
------------- t“- d'-r f.
(R i R L A A A LR R LA R LA T R R AR LR RN R R AR AR LS R O QQfTTTTETTTIET T SFANIRTRR TN AT QAR FANTANTY ENF . 0 L] LA L
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

5:30 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

8:30 a.m.

Steamboat - People - Apartment
Day type: Weekday

7:30 a.m.

6:30 a.m.

5:30 a.m.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

5:30 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: August

11:30 a.m.

10:30 a.m.

9:30 a.m.

People Example

Day type: Saturday

8.30 a.
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7:30 a.

6:30 a.

5:30 a.

4:30 a.

Schedules —

3:30 a.

2:30 a.

1:30 a.m.

12:30 a.m.

Energy Modelling
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

5:30 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

Day type: Weekday

8:30 a.m.

Steamboat - Lights - Apartment

7:30 a.m.

6:30 a.m.

5:30 a.m.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

530 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

8:30 a.m.

Steamboat - Lights - Apartment
Day type: Saturday

7:30 a.m.

6:30 a.m.

5:30 a.m.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

530 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1.30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

Day type: Weekday

8:30 a.m.

Steamboat - Misc - Apartment

7:30 a.m.

6:30 a.m.

5.30 a.m.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

5:30 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

Day type: Saturday

8:30 a.m.

Steamboat - Misc - Apartment

7:30 a.m.

6:30 a.m.

530 am.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

530 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

9:30 a.m.

Hot Water - Apartment

Day type: Weekday

8:30 a.m.

7:30 a.m.

6:30 a.m.

5:30 a.m.

4:30 a.m.

3:30 a.m.

2:30 a.m.

1:30 a.m.

12:30 a.m.
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

530 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

Weekday

9:30 a.m.

8:30 a.

v
L
——
=y
i
o
@)
-
-
=
=
=
«
&
I
+
=
re
>

Ventilation Example

Day type:

7:30 a.

65:30 a.

5:30 a.

4:30 a.

Schedules

3:30 a.

2:30 a.m.

1:30 a.m.

12:30 a.m.

Energy Modelling
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11:30 p.m.

10:30 p.m.

9:30 p.m.

8:30 p.m.

7:30 p.m.

6:30 p.m.

5:30 p.m.

4:30 p.m.

3:30 p.m.

2:30 p.m.

1:30 p.m.

12:30 p.m.

Month: January

11:30 a.m.

10:30 a.m.

Vent - School

Day type: Weekday

9:30 a.m.

8:30 a.m.

7:30 a.m.

6:30 a.m.

5:30 a.m.

4:30 a.m.

3:30 a.m.

2:30a.m.

1:30 a.m.

12:30 a.m.
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Energy Modelling — Schedules — Night-time Setback

« Small difference in energy savings for GSHP system
 Increase peak heating loads
* Increase in GHX size
. 7°F Standard Night Setback in Heating . . 7°F Night Setback in Heating, 3-Hour Ramp Up . . No Night Setback in Heating .
1-hour R - S N S S N e S -2
600 &§00 3 600
warm up -~ . 3-hour 4 -4
so  Period ™ s0 warmup 500

eriod

52% °

= = 1l = .
£ IR “l £ =
g I K ®
2 32 3|2 E
° g = o E] o
o 400 % al| S 400 % @[ o 400 8 a
- - -
s E ]| Ell % E
£ el & e || £ [
'S 300 10| g 300 1051 g 300 0 s
2 | ) 12 o || B | 12 o || B ‘12 &
® 200 ' - S| & 200 s 1 - 2| & 200 s
£ 14 O || £ I 14 O || £ -14 ©
g : "\_\ g I k’\4\ 5 : a [
1m Il [ [ [ | | 100 I [| Il [ lm | [ I [ B
) ‘IIH lH || B ) i‘ n IHH B ) ‘IIH H’ ||| || b
| | N Z I
o M AJ d ol - B L. a | ll ll -18 o | ... M. .0 ) [ | I I -18 o W F l 18
123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 123456 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
UAuX Htg mEGeo Htg Aux Clg mmGeoClg —~OADB PUAux Htg mEGeo Htg AuxClg mmGeoClg - OADB PUAuX Htg mEGeo Htg Aux Clg mmGeoClg - OADB
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Energy Modelling — Mental Model
Building @ GHX size

energy model simulation

simulation
Mal;?]leafilding Look at long
gy term GHX
models trend
iterations

Operating &
capital cost
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Energy Modelling as a Design Tool

Potential to influence size,
cost & performance of GHX

Cost of making changes to
influence size, cost and
performance of GHX
increases later in the design
process

1
\
\

Environmental Impacts and Costs

L
~---——!

Planning & Design Construction Use & Maintenance
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Case Study 1 — Office Expansion

* Increased floor area by 28%
* Increased window to wall ratio to 30%

« Existing GSHP system

GEOptimize.ca




Case Study 1 - Project Description

SGEOptimize.ca



Case Study 1 - GHX Description
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Case Study 1 - Annual Energy Load Variability
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Case Study 1 - Long-Term GSHP Temperature
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Case Study 2 — Warehouse Retrofit

« 250,000 ft* manufacturing facility
« Existing natural gas heating system

* Interested in GSHP system




Case Study 2 — Energy Model V1

« Trace Trace 700 used to model building

* Floor plans and interviews with the building owners used to develop energy model

Geo Cooli G r mmm Total Heating mmTotal Cooling ——Peak Heating ——Peak Cooling
€0 Looling €eo heating
kBtu kBtu/hr kBtu kBtu/hr | 400000 3,000
Jan - - 1,210,098 2,781
Feb ; ; 989,513 2736 | 200,000 2,500
Mar - - 703,856 2,099
Apr| 17,421 390 | 331,263 1,543 | 1.000,000 5 000
May| 59,832 822 92,418 964 ’
Jun| 232,996 2,429 7,009 186 | , 800,000 .
Jul| 372,543 2,430 : - | @ 1,500 2
Aug| 469,345 2,498 - - 600,000 @
Sep| 130,447 1,738 - 2 1,000
Oct 18,027 488 52,722 849 400,000
Nov - - 373,289 2,101
Dec - 822,038 2.250 200,000 500
. 1,300,612 2,498 4,582,206
Tons 208 Tons 0 0
EFLH 521 EFLH Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Case Study 2 — GHX Size V1

* 162 boreholes to a depth of 400 ft with 30 ft spacing

* Maintains a minimum EWT of 32°F and maximum of 90°F over 20 years

Results | Fluid | Soil | Bore Pattern | Extra kW | Information | —— Minimum EWT Monthly Data
70 — Maximum EWT T T
Vertical Grid Arrangement
Borehole Number: 162 GMap
Rows Across: | 9
Rows Down: [ 13 I
Borehole Separation: [ 30.0 ft 1
™
e
|
™ Use External File Select | “lear | Create | g U
Flename: No File Grid Builder 5
Boreholes per Parallel Circuit
Bores Per Circuit 40 ﬂ “
1 2 3 I
Fixed Length Mode 30 | |
0 48 96 144 192 240
¥ Onj/oft Borehole Length | 400 ft Time(Months)
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Case Study 2 — Energy Model V2

« Sensible wheel energy recovery ventilation added

* Reduces total amount of heating needed and increases the energy balance

mmmTotal Heating mmmTotal Cooling ——Peak Heating ——Peak Cooling
Geo Cooling Geo Heating T s
kBtu kBtu/hr kBtu kBtu/hr ’ ’
Jan - - 824,585 1,935 800,000
Feb - - 730,205 1,787 2,500
Mar - - 514,002 1,617 Ly
Apr - - 274,914 1,378 600,000 2,000
May - - 87,081 906 ' '
Jun 351,188 2,351 8,199 230 - 500,000 S
Jull 479,326 2,354 1,154 77| @ 1,500 =
400,000 =
Aug 594,135 2,472 30 7
Sep| 202,286 1,668 348 28 300,000 1,000
Oct - - 46,179 614
Nov - - 280,254 1,227 200,000 £00
Dec - - 611,906 1,499 100,000
1,626,935 2,472 3,378,857
Tons 206 Tons 0 0
=N 658 EFLH Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Case Study 2 — GHX Size V2

* 90 boreholes to a depth of 400 ft with 30 ft spacing

* Maintains a minimum EWT of 32°F and maximum of 90°F over 20 years

Results | Fluid | Soi | Bore Pattem | Extra kw | Information | —— Minimum EWT Monthly Data
80 — Maximum EWT T T
Vertical Grid Arrangement
Borehole Number: 90 GMap
Rows Across: | 9 70
Rows Down: | 10 |
Borehole Separation: | 30.0 ft _
'y
s 60 1
3 (O
I~ Use External File Selec | Tlea I Create | 2
Filename: No File Grid Builder E 50
Boreholes per Parallel Gircuit
Bores Per Circuit
= T ‘”’uMu U U '
12 3 ) " h L u h \ h ‘ |
Fixed Length Mode 30 ] l | l
0 48 96 144 192 240
 On/Off Borehole Length | 400 ft B
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Case Study 2 — GHX Reduction
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Case Study 2 — Economics

« Vertical drilling in region was $27/ft supplied and installed

* V2 reduces total capital cost and increase long term sustainability of GHX

EGHX BERV

$2,000,000
$1,800,000 |
$1,600,000
$1,400,000
$1,200,000
$1,000,000
$800,000
$600,000
$400,000
$200,000
$-

$479,600
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Energy Modelling — Mental Model
Building @ GHX size

energy model simulation

simulation
Mal;?]leafilding Look at long
gy term GHX
models trend
iterations

Operating &
capital cost
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Weather Data

« Some modelling software defaults to reduced year weather data
« Reduced weather data only includes weekday, Monday, Saturday, and Sunday

* Important to use full-year weather data (TMY, CWEC, EPW etc.)

Based on REDUCED YEAR weather data

Based on FULL YEAR weather data

110

— Awverage EWT — Average EWT
100 .

100

Temperature (F)
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Learning Objectives

* Importance of schedules inside energy models

Schedules allow for modelling hourly block loads of the building which creates a more
accurate energy model.

 Difference between peak loads vs. block loads

Hourly loads for each hour are aggregated to determine peak block loads of building.
Peak loads in each zone occur at different times but are summated.

* Difference between reduced weather data vs full weather data

Reduced weather data only includes weekday, Monday, Saturday, and Sunday

GEOptimize.ca




Energy Modelling Software

 How many people energy model?

« What software do you use?

« |IES
 Trane Trace
* eQuest

« Carrier Hap

GEOptimize.ca



Trane Trace Export Demo

GEOptimize.ca

File Edit Actions View Options Libranes Templates Alternatives Setup Window Help
| o W& TR ER Pl S R BT
Alternative 1 | Altemative 2 | Altemative 3 [ Altemnative 4
Enter Project Information Demo - Alt 1 Demo - Alt 2 Demo - Alt 3 Demo- Alt 4
Select Weather Information | 8760 Stroudsberg 8760 Stroudsberg 8760 Stroudsberg 8760 Stroudsberg

Create Templates

Create Rooms

Create Systems

Assign Rooms to Systems

28 Templates

28 Templates
Based on Alternative 1

Jse Alternative 2
Based on Alternative 1

28 Templates

Create Plants

36 Rooms se Altemnative 1 se Alternative 1 36 Rooms

2 Systems lJze Alternative 1 Jse Alternative 1 2 Systems

36 Assigned Rooms 36 Assigned Rooms 36 Assigned Rooms 36 Assigned Rooms
4 Plants 4 Plants 4 Plants 2 Plants

Based on Alternative 1

Based on Alternative 2

Assign Systems to Plants

=
=
5
&
o,
&
lleg
B
B

Define Economics

Y

:::F

Calculate and View Results

System Assignments

Mo utility rates defined
0#)

0A19/2023 - 1216 PM

System Assignments

No utility rates defined

0r$)

01/19/2023 - 1216 PM

System Assignments

Mo utility rates defined
0[#)

01/19/2023 - 1216 PM

System Assignments

Mo utility rates defined
0(#)

011942023 - 1216 PM




Trane Trace Export Demo

File Edit Actions View Options Libranes Templates Alternatives Setup Window Help
ledes R o ERMRANIla B ER BT
7 — - |
> Create Plants o | @ | &=
Cooling Equipment - Alternative 2 | Heat Rejection
Cooling plant IGSHF‘ j Type Nane ﬂ
Equipment tag Air-cooled chiller - 002 - Hourly ambient wet bulb offset 't Close
Category [Water source heat pump ﬂ
Equipment type IWaterFurnace N>w Heat Pump ;] [ fﬁerméﬂ Storage \ New Equip
Sequencing type |Sing|e j Type IGLHE designed for 3F [2C] TD wellfield ﬂ Copy Equip
Backup heat source | GAS RTU v Capacity |479.6 Igalhon ﬂ Delete Equi
elete Equip
Reject condenser heat [Gmund loop j Schedule |Heatpum|:- L] -
Feject heat to plant =
Operating mode Capacity Energy rate F BN
Cooling tong 12.9 EER [compressor only) aboity
Heat recovery 10.88 Mbh/ton 2.7 COP [compressor only) =
Tank charging tong ki fton
Tank charging & heat recovery tong ki /ton
Pumps Type Full load consumption
Primary chilled water Cnst vol chill water pump 1] ft water
Condenser water None 1] ft water
Heat recovery or aus condenser MNone 0 ft water
Configuration Cooling E quipment Heating Equipment ] Base Utility / Misc. Accessory

GEOptimize.ca




Trane Trace Export Demo

]Cooling Equipment Controls X
i
Plant description:  GSHP 0K
E
Equipment tag: Air-cooled chiller - 002 C |
! ance
— Free Cooling ]
Tope IN p— 3 Coollgﬁdplant
. Geothermal
Fluid cooler type | Mone ;I
! Contrals
Pump | Mone Ll
i =
_ Pump full load energy |0 ki ;]
P Refrig economizer .
unloadina curve [None =]

==

-~ Evaporator and Condenser \Water Leaving Reset Options

hax
_ Reset Based On Reset Curve Reset TD
E?Ia“te;r‘ |H one ;I ]N one ;] ||:l F
Condenser

Nl abar INcune-. _'J INCIHE‘- ;] |0 5

Load shedding economizer |Na - | Dzn chilled water delta T |6.66667 °F

Evaporative precooling Mo - Dsncond waterdelta T |5.55556 °F
: Equipment schedule |Available (100%)] ‘_:]
' Demand limiting priority |

Hot gas reheat for =

dehumidification [No =]

GEOptimize.. T R



Trane Trace Export Demo

| Plant Controls

I-! Description GSHP

L Sizing method | Peak based on design simulation ﬂ
.l Heat rejection

f Type | None :]
L Hourly ambient wet bulb offset

Cogeneration type |

Secondary distribution pump

F

oK

Cancel

\_

ﬁauthermal Loop
TLoop Ent Bldg

Flow rate

Loop pump

Pump F.L rate

Flow scheme

IGSHPA v ||None

100 % of condenser flow rate

Yar vol geothermal loop pump

a0 ft water

o1l 1 e 1

Fully mixed

N

Mumber of simulation years

s

Loop fluid glycol percent |20

Heat exchanger approach |9 F /

- Type MNone |}

- Full load R =

! consumption s Ll

L Thermal storage

| Type None ki

b . -

E Capacity 0 | ton-hr hd

" Schedule Off (0%) ]
= INMarmswmd licnbina mrseibin 0

G EOptimize.ca



Trane Trace Export Demo

Documents 3 Demo

Mame
@ Demo.GL1.csv
@ Demo.GL2.csv
@ Demo.GL3.csv
@ Demo.GLd.csv

-
we Demo.tre

Date modified

2023-01-1911:11 AM

2023-07-19 11:11 AM

2023-01-1911:11 AM

2023-07-19 11:11 AM

2023-03-06 10:46 AM

Type

Microsoft Excel Comma Separat...
Microsoft Excel Comma Separat..,
Microsoft Excel Comma Separat...

Microsoft Excel Comma Separat..,

TRC File

]
L

Search Demao

GEOptimize.ca




Trane Trace Export Demo

A

D

Data

w

il

o0 0 0000000000000 o0o0o0oo

x|
File Home Insert Draw  Page Layout  Formulas
2 v I?Ii A [catibn o oA A
N Paste EB i B I U ~ v Mo
- =
Undo Clipboard ] Fant
Al v fx  Dayofyr

A B &

1 |Day Of ¥r Date/Time Heating delivered Cooling delivered

2 Btu/h Btu/h

3 11/1/2023 1:00 1720964.88

4 1 1/1/2023 2:00 1468469.25

3 1 1/1/2023 2:00 1427599.38

6 1 1/1/2023 4:00 1392605.12

7 1 1/1/2023 5:00 13B80108.25

g 1 1/1/2023 6:00 1365338

9 1 1/1/2023 7:00 1370115.38

10 1 1/1/2023 8:00 1382577

11 1 1/1/2023 9:00 1381063.62

12 1 1/1/20232 10:00 1368382.38

13 1 1/1/2023 11:00 1303377.12

14 11/1/2023 12:00 1238742.62

15 11/1/2023 13:00 115512438

16 1 1/1/2023 14:00 1115405

17 1 1/1/2023 15:00 1110362

18 1 1/1/2023 16:00 1127535

19 1 1/1/2023 17:00 1179351.88

20 1 1/1/2023 18:00 1270520.25

21 1 1/1/2023 19:00 1339848.75

22 1 1/1/2023 20:00 1370701.62

23 1.1/1/2023 21:00 1415199.12

Demo.GL1 ®
Ready ug,"i"%a\'kcce!ssit:ilit]r. Unavailable
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Review View Help  BLUEBEAM
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Editing
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[E Batch PDF
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120

Alignment (] Mumber ] Analysis

E F
Heating delivered Cooling delivered
kw kw

504.24
430.26
418.28
408.03
404.37
400.04
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405.09
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381.89
362.95
338.45
327.98
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Trane Trace Export Demo

| View Results X
_ Close
Alemative: 1w 2v 3v 4v Reports selected: IE_
Print
~ Profiles -Economic- =
Prewview
I~ System load I~ Parameters Export...
! I_ Builc ng cooling / heating demand 1' I_ Monthily 'iil|_,- 15ks Clear Al
| I” Building temperature I Yeary cash flow BT
I Building humidity ™ Altemative comparison
| [ Cooling Tower Analysis I Summary
I [~ Plant Load Summary
J ﬁnergy Consumption
Graph
[~ Monthly [~ Cogeneration Pg:nrlil‘ljes
¥ Equipment ™ Themmal storage [ Energy
™ Utility peak. Iv Geatheimal Summary
\ | Summary ) E o
B
Design Reports Analysis Reports ASHRAE / LEED Reports ] Detailled Reports ]
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Carrier HAP Export Demo

¥ HAP42 - [American Tower GSHP] =10| x|
Project Edit Wiew Reports Help
s EHmEE X | T rEEB IR
K8 American Tower GSHP Cooling Tower Name | Cooling Tower Type |
_ T Weather ot <Mew default Cooling Tower>
gpaces Q GSHP Ground Lo k. River/Sea/well Water
[ Systems L,
@ Plants W Cooling Tower Properties - [GSHP Ground Loop] ﬁ]
[ Buildings
=B Project Libraries , ~River or Sea Water
B Schedues Name:  [GSHP Ground Loop - R
@ Walls ~Modeling Method: on | #wg. ECWTCF)
% Roofs Jan 45.0
[ Windows ¢ Cooling Tower Model Feb 533
i Doars Mar 61.6
X ; 1 .
@ Shades & River, Sea ar Well Water
; Chillers Apr B9.9
'z Cooling Towers May 78.2
Il Bolers Jun 86.5
%4 Electic Rates
o Fuel Rates Jul v4.3
CondenserWater Flow Rate: 1500.0 gpm Aug 86.1
Condenser Pump Head: | 60.0 fiwg Sep 77.5
Oct 69.1
Condenser Pump Mech. Efficiency: I 80.0 %
Nov 60.0
Condenser Pump Elec. Efficiency: I 940 % Dec 525
QK Cancel | Help |

Cooling Tower Modeling Method

GEOptimize.ca




Carrier HAP Export Demo

Project

Edit

Wiew

Repaorts

»¥ HAP42 - [American Tower GSHP]

Help

GEOptimize.ca

; ﬁ Chillers
- zf Cooling Towers
il Boilers

%% Electic Rates
' Fuel Rates

Equipment Data |

DeHBERE BX | e~ EERE IR T
Ef American Tower GSHP System | System Type | Sizing Status | Simulation Status
=
R Weather <New default System>
gf;z':’:s [@ air System Properties - [Hi Eff GSHP Syst X|
@ Plants Eeneral] Went System I:-:nr-'-c-n:-r'-er'-r:| Znnel:un'pomnlsl Sizing Data  Equipment |
g Buidings lt,\.@
=B Project Libraries ; , , ,
: @ S chedules Terminal Cooling Units E dit Equipment Data...
i %‘? Walls Teminal Heating Units Edit Equipment Data...
458 Roofs : =
) Windows Miscellaneous Components Edit Equipment Data...
D
B ol x

Sustemn Configuration

Cooling Tawer I

Type of Ausiliary Heating

[ Open Loop wSHP

GSHP Ground Loop

=~

|Electric Resistance




Carrier HAP Export Demo

System

System Type Sizing Status Simulation Status

GEOptimize.ca

{Hew default System}

Simulated

Duplicate

Delete

Print Input Data
View Input Data

Print/iew Design Data

Print/Yiew Simulation Data

Properties




Carrier HAP Export Demo

Reports Time Specifications

<l

Maonthly Simulation Results
Daily Simulation Results

From Fan,‘l -Itu IDec,31 vl

Hourly Simulation Results

Unmet Loads Report

1 1T 71 7

Zone Temperature Report

— raph Specifications

Select up to 3 data items for the
graph. All must have the same

TXT File of Hourly unis ef messure.
Simulation
Mote: Graph options are only

Results available when a single system
has heen selected and that
system was previously simulated.

P e e o e
T S R F e

e e
s o

4 EE!EEEl

Bestore Defaults Print... Preview. .. Cancel
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Carrier HAP Export Demo

x|
File Home Insert Draw  Page Layout  Formulas Data  Review  View  Help  BLUEBEAM
? - |jj A& [calibn Ji A A == |.GE”E'E"O *]
; Paste @ B I U~ e AL == =2 2 2 FH - :pu DDIE ’
- 4 0 20
Undo Clipboard ] Fant ] Alignment ] Mumber [P
N8 v i fr oo
A B C B] E F G H
1 Hourly Simulation Results for HP-1
2
3 |Month  Day Hour Dry-Bulb TwWet-Bujfd WSHP Cooling Coil Load {MBm
4 January 1 0 9.6 3 5.4 -5400 5.4
5 |January 1 1 5.1 9 5.2 -5200 5.2
& |January 1 2 1.9 7 5.2 -5200 5.2
7 |lanuary 1 3 0.4 -@7 5.2 -5200 5.2
g |January 1 4 0.5 -Q7 5.4 -5400 5.4
S |January 1 5 11 -1 5.4 -5400 5.4
10 January 1 5] 2.3 1 6.3 -6300 6.3
11 January 1 7 3.8 45 6.3 -6300 6.3
12 January 1 8 4.8 E 9.6 -9600 9.6
13 January 1 9 5.5 43 9.6 -9600 9.6
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IES Export demo

- = -~
oy O I ¢

= ApacheHVAC [ N 7 ‘
“wr MacroFlo i’ / ]
—r .
v .
i N F
gag Storeys v

R
o Il Al reoms (15)

M e L) ® e < b4
Enter filter tiect hare " ASHRAE Loads ApacheSim (Dynamic Simulation) Batch Simulation
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IES Export demo

Tl HVAC System Design Wizard X

General Setup & Zoning

Design - Airside System Selection HVACFile i) Zoning )
Design
Design - Waterside and Plan
Design _:r'_‘dd‘E and Plant @ New: WLHPs on HTL|
E88 HVAC Zones and Zone Groups v
~ § AHU 1 (15
HVAC Loads, Sizing U Bxisting:  Test w WSHX T a (1)

+@ No ApacheHVAC System (1)

Calculation Methodology t_j

(®) ASHRAE Heat Balance Method
(O CIBSE Admittance Method
Compliance Mode 0

(®) None (Design)

Mo B9 He[-HAe

Enter filter text here v

> =
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IES Export demo

Design - Airside System Selection

=% Design - Airside System ¢ Airside System Selection
I 1 Dedicated Outdoor Air - Water Loop Heat Pump
| Packaged Terminal Units, Single Zone, Vari... o
Equipment ction Eﬂ CAV Reheat s
@) Dedicated Outdoor Air (DOAS) = _ F: B -
: o A 1
HVAC Loads, Sizing & Reports @} DOAS - Separate OA [ Four-pipe ... ,’f;) i i T 12 [ I [y
¥ / f
RN o o e

T | !

; 3 . \}K C‘ .—\_---——---—.\— |
' :}— | | |

() DOAS - PTHP / Separate OA : \ \ |
= }_J

@) DOAS - DCV / Four-pipe FCU ASU £ .

"
gf) DOAS - Separate OA to Rooms ; ... —

gf) DOAS - Air-Source VRF e lormnd,

gf) DOAS - Water-Source VRF

@) Underfioor Air Distribution (UFAD) [

Raturn Al
Pleraum

Airside Systems
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IES Export demo

| Iig HVAC System Design Wizard
Design - Waterside and Plant Equipment Selection
Waterside Cooling System Selection Waterside Heating System Selection
: Heat transfer loops, Water-to-air heat pumps g . - Generic heat sources, Heat transfer loops, Water-to-air heat pumps v |
37, Heat transfer loops = f§ ElectricResistance Backup Heat Source for Air-to-Air HeatPwr 00 A
24 Heat Transfer Loop - Cooling tower heat rejection, HW boller, var i)} -'i‘ Furnace for PRM Baseline PSZ and Heat & Vent units 00
¥, Water-to-air heat pumos f® Condensing Boiler using partdoad data model; illus. 130 Fretu 00
&) Water-Loop HP or Water-to-Air Heat Pump - WAHP 1 f§ Condensing Boiler using partdoad data model; ilus. 100 Fretu 00
€9 Nat-Draft boiler using partoad data model; ilus. 50-F delta-T 00
fp Diustrative ASHP + Electric backup 00
f9 Furnace for PSZ and Heat & Vent units 00
.‘f;‘ Blectrical energy input for elec heating panels and baseboard 00
P GSHP - ilustrative values (assumes stable source temp.) 00
] Baseline SHW (DHW) heating plant (fossil fuel) - set Eff. per 9 I U
Edit DHW Systems...
O Airside Systems Assigned HVAC Zone/Room Groups Pi
[[] | Dedicated Outdoor Air - Water Loop Heat Pump AHU 1 Water-Loop HP or Water4o-Air Hea
< >
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IES Export demo

T& HVAC System Design Wizard

HVAC Loads, Sizing & Reports

Design - Airside System Selection ﬁnal‘p‘sts & Reporting (Design)
n - Waterside and Plant 4] HVAC Zone/Room loads and sizing Oy
quipment Selecho

[] HvAC System loads and sizing

HVAC Loads, Sizing & Reports

[] simulation

.

Summary

HVAC filename: WLHPs on HTL.asp
Loads methodology: ASHRAE Heat Balance Method

Compliance route: None (Design)

System Summary
Design
HVAC Zones assigned: [ 15 |
Rooms assigned: 00
Airside systems: 01

Waterside systems
Cooling: 02
Heating: 03

[] Export equipment schedule
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IES Export demo

@VE - Apache - Geo WLHPs.mit - Axonometric : Model
File Edit View Tools Apache Settings Help

Ew Ow 6¢& ¥ =
* Applications

)
=

bs Navigators

% e 0

Solar
SunCast

at -
LY \

Energy
Apache

/&
[

= ApacheHVAC
.

ww MacroFlo

-
t‘;’f’ Manufacturing view

¢ VistaPro

*' Compliance and Ratings
linhtina
EE 0 | Soreys
= & Model

i Il All rooms (15)

Me M® HMe e

filter text here

g § e Type here to search
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IES Export demo

N
. "\‘
alx . N5
Apache Simulation bt
Results file: | WLHPs on HTL.aps | [ Weather file: USA_M_MWHM.CMW.R;‘LAPJ]
Description: | Apache results |
Model Links Simulation
(/] Enable SunCast Link? 5 ) From 1 v January v
2 To 31 +~ December ~
[ ApacheHVAC Link? | WiLHPs on HTL.asp v ] Smulation Time Step 6 v minutes
v [ ]Run RadiancelES? (Assign default sensors) Reporting Interval 60 v minutes { :
DAmciarv ventiation air exchange? i.; Preconditioning Period 10 v days L~
ok [[INatural ventiation air exchange?
[C] Apply Diversity Factors for internal gains?
]
Simulation Options Output Options Add to Queue Estimated results file size | 126.2Mb | .
Help Parallel Smulation Settings  What's this? Simulate Save B exit Cancel
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IES Export demo

Charts List  Set s Help
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Ao * Files: All Results Fles v | &
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-8 Water-to-air heat pumps <= HTL cooling load “ anto N
: 2 :‘_rat”‘m”mhvm Systems ¥4 Loop heating min y temp target —— HTL cooling load: Heat transfer loop - HTO00000 (WLHPs on HTL aps)
ir-to-water heat pumj
P Wi pp v [11f| -8 Loop caliig max supply temp target —— HTL heating load: Hest transfer loop - HTO00000 (WLHPs on HTL aps)
< > <= Loop supply temperature
=TT W U DEraut dates > »
M e ] ® M e &5 | nondelta T 2 4 l
< >
Enter filter text here v

4 Dane County Regional (ASHRAE Climate Zone: 5A ) -473'- 5", 214'- 7" Tasks BB NoNotes &§ 1Alert

GEOptimize.ca




E-quest Export demo

bany Hotel Model Detailed.pd2:2 - eQUEST Quick Energy Simulation Toel 3.63
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E-quest Export demo
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Export Hourly Results )4 / ' - R
— Funs:
= [T 03/29/22 @ 13:39 - 2 " Place a check next |
[] 03/29/22 @ 15:07 - 3 Ssark e A
] 03/25/22 @ 09:00 - 4 would like to export
[] 08/08/22 @ 09:19 - B+1 R
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E-quest Export demo

WWater-Side Air-Sade Litality &
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E-quest Export demo

" @
File Home Insert Draw  Page Layout Formulas Data Review View Help  BLUEBEAM | i1 Comments |
z_/‘: v Ifﬁ & |:Calibri ":“:11 V| Ay = = |;| B ab, |_M_| [ Conditional Formatting ~ B Insert ~ v b~ P Create PDF
S @~ - $ - % 9 F# Format as Table ~ T Delete  ~ v O~ — @ Change Settings
Paste B I U « - = = = = 3= - Analyze
- - [ 1 .o [E# Cell Styles ~ [ Format ~ &~ Data Il Eateh FDF
Undao Clipboard ] Fant ] Alignment ] Mumber ] Styles Cells Editing Analysis Bluebeam A
Al w _f:\: w
| A B i3 D E F G H ] K L Il M o] P Q 4
1 |
2 |Simulated: 2022-Aug-08 09:19:15
e Loads from E-quest do not remove compressor energy. SS-P report
4 |eQUEST 3.65.7175 does have compressor and fan energy at a monthly peak/total usage
5 Hourly Report
. em1 Hourly Reportalock AN COUId be subtracted from the energy usage
I ELEC-METER
8 EM1
g Day Varl Var 2 War 3 Vars \Var g War7 Var & Varg Var 10 Varll Warl2 War 20
10 |[Month  Day Hour Type Lighting e Task lighti Miscellafu Heating end-use energy Cooling end-use energy Meat rejection en Auxiliary «Vent fan e Refrigerat Suppleme Domestic Exterior tc Total end-
1 1 1 1 6 9.23503 0 1346 162.498 0 0 0.877384 14.78 0 0 41.6791 0 242,531
12 1 1 2 6 9.23503 0 1345 143.438 0 0 0.877384 14.7802 0 0 29.0714 0 210.854
13 1 1 3 6 4.88620 0 B8.675 145.825 0 0 0.877384 14.7806 0 0 14,182 0 187.227
14 1 1 4 6 4.83626 0 6.675 143.458 1] 0 0.877384 14,7807 0 0 14,1885 0 184.866
15 1 1 5 6 4.88626 0  6.675 143.966 0 0 0.877384 14.7809 0 0 27.081 0 198.267
16 1 1 6 6 4.88626 0 6.675 152.127 0 0 0.877384 15.2135 0 0 53.5369 0 233.317
17 1 1 7 6 13.9183 0  19.83 150.836 0 0 0.877384 15.213 0 0 664272 0 267.106
18 1 1 8 6 13.9183 0 19.825 144,462 0 0 0.877384 15.2122 0 0  105.765 0 300.06
19 1 1 9 6 18.2671 0 26.615 125.866 0 0 0.877384 15.2834 0 0 79.0683 0 265.978
20 1 1 10 6 21.9468 0 26.615 122.551 0 0 0.877384 15.2818 0 0 ©66.9001 0 254,172
21 1 1 11 6 17.2635 0  19.83 123.422 0 0 0.877384 15.2814 0 0 664174 0 243.097
22 1 1 12 6 12.9148 0 13475 109.429 0 0 0.877384 15.2807 0 0 66.4182 0 218.395
23 1 1 13 A 149219 0 13.479 107.499 0 _0.R773RL  15.2R06 1] 0 664206 0 218.479 Y
EQUEST sample hourly data ocutpu ® 4 »
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Final Remarks

 Human inconsistency avoidance tendency

 Confirmation bias

 Positive vs. zero sum mindset
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