/\\ GLD Skill Booster #4:
E_) Benefits of 8670 Hourly Energy Modeling and
Loopfield Simulations

The GLD Skill Booster Series is a series of documents that guide you
through the process of performing a specific task in GLD. With this series
you can hone your functional skills in only a few minutes.

More and more architectural and engineering firms are recognizing the
importance of whole building energy modeling and its potential impacts on
fundamental design decisions including massing and orientation, lighting,
windows and energy reclamation, among others. These decisions in turn
impact annual and lifetime operational energy requirements. While future
building use can never be predicted with 100% accuracy (we are not
fortune tellers after all), building energy modeling provide us with a
powerful asset for designing buildings that reduce, among other things, the
heating and cooling loads required of a geothermal system. The 8760
hourly loads profile that an energy model provides can be invaluable for
geothermal design optimization.

In this Skill Booster, we will first learn how to use an 8760 hourly loads
profile to design a geothermal system. After that we will run a monthly and
an hourly simulation of the system and see how the detailed hourly data
leads to very different loopfield temperature predictions compared to those
predicted by the less-detailed monthly data.

Hourly Data Files

After completing a round in the building energy I~
modeling/simulation process (for indeed the

process typically involves multiple rounds of
iterative improvements), one of the valuable
outputs will be 8760 hours of heating and 10
cooling loads data, typically exported out as 2
a .csv file (note that GLD is able to read in e
native file types from some simulation tools 17
such as the IES <VE=>. =
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When in .csv format, the hourly data file should =
have the following format (the first hour of data 2
should start on row 5): 28
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Designing with Hourly Data Files

- To import an hourly loads file, open up the Average Block Loads
module (only the Average Block Loads module can accept hourly loads
profiles for monthly/hourly simulations). To import the hourly loads file click
the import button:

[] Average Block Loa
D]

Reference Label:

== ]

Untitled.zan

Design Day Loads =
]——?.U Days [ Week Design Day Loads

Time of Day Heat Gains Heat Losses
[~ Hourly Data (kBtufHr)  (kBtu/Hr)
Transfer & a.m. - Noon 0.0 0.0
Noon -4p.m. | 0.0 | 00
Calculate Hours 4pm. -8pm. | 0.0 | 0.0
Monthly Loads gpm.-8am. | 0.0 0.0
Annual Equivalent Full-Load Hours: lII lII

—Heat Pump Specifications at Design Temperature and Flow Rate

[w Custom Pump Pump Name (Select)

Cooling Heating

Capacity (kBtu/Hr) 0.0 0.0

Details Power (kW) | 000 | 000

EER/COP | 00 | 0.0
cl
= Flow Rate (gpm) | 00 | 0.0
Partial Load Factor | 0.00 | 0.00

Flow Rate

]W i Unit Irlet (5F): 90.0 40.0
[EEEE]

- Select the appropriate hourly loads file and import it.

- After performing the import, GLD will populate the Design Day loads
interface with the peak heating day and peak cooling day data for each time
block using the hourly loads data source:



[] Average Block Loads o] = |

0O l$| E}']Elé{ Untitled.zon
Reference Label: J
Design Day Loads =
1 7.0 Days [ Week Design Day Loads
Time of Day Heat Gains Heat Losses
[ Hourly Data (BtuHr)  (kBtu/Hr)

Tranaer 8am. -Noon | 14675 1 14463

Moon -4p.m. | 1413.7 3594

 Calauate Hours | ap.m.-8p.m. | 1387.9 ]3808

Monthly Loads 8p.m.-8am. | 1994 | 3536
Annual Equivalent Fulld oad Hours:

—Heat Pump Specdifications at Design Temperature and Flow Rate

¥ Custom Pump Pump MName
Cooling Heating

Select Capacity (kBtu/Hr) ]T I_E-_[i_
Details Power (k) | ooo | ooo0
= | EERiOP | 00 | 0.0
|
Clear Flow Rate (gpm) | 0.0 | o U
Partialload Factor | 0.00 | 0.
Flow Rate
B papton Unit Inlet (°F): 90.0 40.0
oM
- If you hit the ‘Monthly Loads’ button you can see the hourly data
parsed into monthly loads:

[-]1 Average Block Loads =] = ||
s} 1 L] I Ey_al = {@J Ag] Untitled.zon
~Monthly Load Data - -

- Cooling ﬁJ Heating E
s Total Peak Tatal Peak |
Lcell (kBtu) 9] katu;hr}J (ketu) 9] (kgtuyhr) 2l
January 6162 176586 1420
February 6031 52 144494 1446
March 17973 813 101691 774
April 54127 1121 40348 493
May 125508 1271 17393 400
June 232700 1467| 2804 121
July 254776| 1449 497| 37|
Aot 263666 1458 2044 89
September 171673 1422 12772 326
October 72567 1195 46132 557|
Hovember 21234 845 92751 743
December 6510 115 158100 872
Total: 1232926 3.0 795611 3.0 |
. Hours at Peak Hours at Peak
Flow Rate
SOl it Unit Inlet (°F): 90.0 40.0
o




Note that the “Hours at Peak” are defaulted to 3.0 hours. Many users ask
about the meaning behind “Hours at Peak.” (although this Skill Booster
relates mainly to hourly simulations, we discuss this monthly simulation
function now because it becomes pertinent later on in this document) The
monthly simulation engine uses monthly total and monthly peak heat pulses
for cooling and heating to predict fluid temperatures, loopfield performance
and the like. However, the monthly data does not indicate the duration of
the peak loads (1 hr, 2 hrs, 3 hrs, 4 hrs, etc). The duration of the peak load
will influence calculated results so it behooves the designer to consider
adjusting the “Hours at Peak” away from the default 3.0 value if there is
justification to do so.

. In the monthly loads image above notice how the ‘Update’ button is
deactivated. Making modifications to monthly data that are based on
detailed hourly loads is not possible.

- Following the standard design processes, select the average heat
pump for the project, open a borehole design module, link the design and
loads modules together, and design a preliminary system using the Design
Day and Monthly methods. It is recommended that you fine tune your
design as much as possible using the Design Day and Monthly Modes prior
to using the Hourly Mode because the Hourly Mode is computationally time
intensive.

hd When you are ready to = Borehole Design Project #1 [=] B
. . Lengths Temperatures
run an Hou rIy Simulation, COOLTNG  HEATING COOLING  HEATING
Total Length {ft): 24512.0 24512.0 Peak Unit Inlet (°F): 320 320
select hourly mode and set the Borehole Length (ft):  306.4 3064 PeakUnit Outlt (F):  32.0 320
pred'ct'on t|me to one year Results ] Fluid | Soil | U-Tube| Pattern| Extra kW | Information |
C e ; N E COOLING  HEATING
Inltlal Iy (Slnce hourly Total Length (ft) 24512.0 24512.0
otal Leng ; E ]
i i i i 1 Borehole Number: 80 80
simulations are time Intensive, 7 / ook i 1R il i
it is useful to begin with a TN | Gron Terertre Cunge (5 WA WA
. . . = ¥ Peak Unit Inlet (°F): 32.0 32.0
short simulation duration). The Peak Unit Outiet (°F): 320 320
. - Total Unit Capacity (kBtu/Hr): 0.0 0.0
basic set up can be seen here: Peak Load (kBtu/Hr): 0.0 0.0
Borehole Length:| 306 ft Peak Demand (KW): 0.0 0.0
m Heat Pump EER/COP: 0.0 0.0
. . [ Use External File ieaso;alHe‘a; Pump{f"lirii}tliop: gg gg
(Note: the previous version Borchole Nuber: 80 = e : :
N A Rows Across: [ 10 System Flow Rate (gpm): 0.0 0.0
GLD2010 was limited to Rows Dawn: [ g Optional Cooling Tower/Boier -
Separation: [200 ft Condenser Capacity (kBtu/hr): 0. =] Cooling Tower
apprOXimately a 3—5 year Cooling Tower Flow Rate (gpm): | 0.0 = ,j, — 0%
Cooling Range (°F): 9.3 j: Boiler
hourly simulation. GLD2012 P 0% || amelosesngbous e [0 ] p—— o
. . U U — 0% Boiler Capacity (kBtu/hr): 0.0 e
has no such limitation) e =




- When you hit the ‘Calculate’ button a warning message will appear
indicating that simulation may take some time. Hit ‘OK’ to begin the

simulation.

- During the simulation,
the “linking” indicator lights at
the bottom of the module will

flash. If you need to cancel
the  simulation prior to
completion, hit the ‘Cancel’

button that appears at the
bottom of the module during
the hourly simulation process.
When the simulation is
complete, results will appear
in green:

- Let’s now do a five year
simulation to see how results
vary between the one year
hourly simulation and the five
year hourly simulation. Note
that this five year simulation
took approximately 96
minutes to run:

I Borehole Design Project 21 =% =0 =
Lengths Temperatures
COOLING HEATING COOLING HEATING
Total Length (ft): 24512.0 245120 Peak Unit Inlet (F): B81.2 43.8
Borehole Length {ft): 306.4 306.4 Peak Unit Qutlet (°F): 90.3 378
Results ] Fluid ] Soil ] U—Tube1 Pattern] Extra kw ] Infnrmat\on]

Hourly v1 AA_K‘J

Prediction Time:| 1 years
Method

[~ Use External File
Borehole Number: 80

Rows Across: ] 10
Rows Down: [ g

COOLING  HEATING
Total Length (ft): 24512.0 24512.0
Borehole Number: 80 80
Borehole Length (ft): 306.4 306.4
Ground Temperati (°F) N/A N/A
Peak Unit Inlet (°F): 81.2 43.8
Peak Unit Outlet (°F): 90.3 378
Total Unit Capacity (kBtu/Hr): 1467.5 1446.3
Peak Load (kBtu/Hr): 1467.5 1446.3
Peak Demand (kw): 72.8 88.9
Heat Pump EER/COP: 20.1 4.7
Seasonal Heat Pump EER/COP: 23.0 4.8
Ava. Annual Power (kwh): 5.35E+4 4.85E+4
System Flow Rate (gpm): 366.9 361.6

—Optional Cooling Tower/Boiler
Cooling Tower

Separation: [200 ft Condenser Capacity (kBtu/hr): 0.0 B
. fog—= F—— 0%
Cooling Tower Flow Rate (gpm): L:{ ,,,,,,
Cooling Range (°F): 9.3 = Boiler
. :‘
} e 0% Annual Operating Hours (hr/yr): o — 0%
—_ 0% Boiler Capacity (kBtu/hr): 0.0 bl B
Load Balance [Emnn|
.‘_—lif' Borehole Design Project #1 [o] = =)
Lengths Temperatures
COOLING HEATING COOLING HEATING
Total Length {ft): 24512.0 24512.0 Peak Unit Inlet (F): 86.1 43.5
Barehole Length {ft): 306.4 306.4 Peak Unit Cutlet (°F): 95.4 375
Results ] Fluid] Soi\] U—Tube1 Dattern] Extra kW] Information]

Hourly -1 j’ﬁJ

Prediction Time:| 5  years
M

L]
ic

Inle: es
Borehole Lengﬂ1:] 306 ft

|~ Use External File
Borehole Number: 80
Rows Across: ]_{‘u“
RowsDown: [ 8
Separation: ]‘Eﬁ“ﬂ‘ ft

:
i
- B

Load Balance

COOLING  HEATING
Totzl Length (ft): 24512.0 24512.0
Borehole Number: 80 80
Borehole Length (ft): 306.4 306.4
Ground Temperature N/A N/A
Peak Unit Inlet (°F): 86.1 435
Peak Unit Outlet (°F): 95.4 375
Total Unit Capacity (kBtu/Hr): 1467.5 1446.3
Peak Load (kBtu/Hr): 1467.5 1446.3
Peak Demand (kW): 785 89.1
Heat Pump EER/COP: 18.6 4.7
Seasonal Heat Pump EER/COP: 223 4.9
Avg. Annual Power (kwh): 5.53E+4 4.81E+4
System Flow Rate (gpm): 366.9 361.6
Optional Cooling Tower/Boiler P
Condenser Capacity (kBtu/hr): 0.0 :1: LB
Cooling Tower Flow Rate (gpm): Tﬂ }“—‘ L
Cooling Range (°F): 9.3 :jj Boiler
Annual Operating Hours (hrfyr): 0 — 0%

| Boiler Capacity (kBtu/hr): 0.0 i B

[Emnn}




Because the system is cooling-dominant, we see the peak inlet
temperatures have increased from 81.20°F (the one year simulation result)
to 86.1°F on the cooling side over five years. If we did a 10 year simulation,
which would take hours to complete, we would see the temperatures
increase even more.

The Value of Hourly Data

In many cases the monthly simulation and hourly simulation methods,
which are based on the same heat transfer theory, provide substantially
similar results. However, this is not always the case (and as a result, may
make it well worth a designer’s time to always run at least a short term
hourly simulation to confirm that monthly and hourly results generally
match).

In the remainder of this Skill Booster, we will compare monthly and hourly
results from a particular hourly loads profile and explore a situation in which
monthly and hourly results are decidedly different.

The previous image shows results from a five year hourly simulation. If we
run a five year monthly simulation based off the same loopfield design we
get the following results:

I Borehole Design Project #1 [ B =5
Lengths Temperatures
COOLING HEATING COOLING HEATING
Total Length (ft): 24512.0 24512.0 Peak Unit Inlet {*F): 77.2 47.7
Borehole Length (ft): 306.4 306.4 Peak Unit Qutlet (=F): B6.3 41.6
Resutts | Fuid | Soi | U-Tube| Pattem | Extra kw | Information |
COOLING HEATING
jM th v] i
== &l Total Length (ft): 245120 245120
Prediction Time: | 5 years Borehole Number: 80 80
o Borehole Length (ft): 306.4 306.4
- Ground Temperature Change (°F):  N/A N/A
P raaliay Peak Unit Inlet (°F): 77.2 47.7
e = Peak Unit Outlet (°F): 86.3 41.6
[z = [Fm = Total Unit Capacity (kBtu/Hr): 1467.5 1446.3
; Peak Load (kBtu/Hr): 1467.5 1446.3
Baxchalebenoty:) 300 |t Peak Demand (kV): 69.9 90.3
Heat Pump EER/COP: 20.9 4.7
; Seasonal Heat Pump EER/COP: 24.9 4.9
i Ava. Annual Power (kWh); 4.95E+4  4.75E+4
Barehole Mumber: B0
Rows Across: | 10 System Flow Rate (gpm): 366.9 361.6
Rows Down: [ g ~Optional Cooling Tower/Boiler =
Separation: [2p0 ft Condenser Capacity (kBtu/hr): oo = : (foollng Tower .
Cooling Tower/Boiler Cooling Tower Flow Rate (gpm): Lﬁ:ﬂ e 0 %
= Cooling Range (°F): 9.3 = Boiler
h—— B Annual Operating Hours (hrfyr): D — 0%
| 0% Boiler Capacity (kBtu/hr): 0.0 T Bl
Load Balance | mmm|




Key differences between the monthly and hourly simulations can be found
in the table below:

Result Monthly Hourly
Peak Cooling Inlet (°F) 77.2 86.1
EER 20.9 18.6
Seasonal EER 24.9 22.3
Avg. Annual Power 49,500 kWh 55,300kWh
Notice that at the end of the five year 4261 1467.45 0
. . . 4262 1420.79 1]
simulation, the hourly peak cooling e = —— =
inlet temperature is nearly 10°F it MLEeh g
4265 1399.87 1]
warmer than the monthly peak e R &
cooling inlet temperature. A 10°F |27 14083 g
. . . 4263 1387.86 0
difference, over a relatively short five 1269 1350.8 0
year simulation, is significant. Let’s sl 2L L
4271 315.03 1]
try to understand why the hourly 1272 199.38 0
results are more extreme (and less  [#7 ot 2
. 4274 32.25 0
efficient) than the monthly 4275 0 0
performance. To do so, we will open :i;i g E
the hourly loads profile in Excel and 1278 0 0
H H . 4279 1] 2.27
begin exploring: — . —
. . . 4281 o 3.51
Notice that the hourly simulation data 4282 0 0
indicates that the building is running 2% o 2
. . 4234 167.63 0
at or near peak load for nine straight 4285 1401.17 0
hours day after day (see numbers in [ TEEAEL 2
. . 4287 1377.54 1]
blue). The monthly simulation on the 1288 135155 0
other hand was run at 3.0 “Hours at [ e -
. ] 4250 1357.54 o
Peak” (see page 4 for a description of 4291 1362.69 0
1] 1] 4292 1383.08 o
Hours at Peak.”). Three hours at — = =
peak is very different from nine hours 4294 143.71 0
t k 4295 271.88 1]
at peak. 4296 140.29 0
4297 65.83 0




When we Change the monthly “Hours [] Average Block Loads - Borehole Design Project 21 | = | = |[&3]
at Peak” to 9.0 (as can be seen here) = IR i
and then rerun the monthly Py e P cotng 24| meatng N
H H H - Total Peak Total Peak
_SImUIatlon’ we get a p_eak cooling cancel | (katu) Ol (kBtushn) O] (k) 2| (kBtushr) 9]
inlet temperature that is closer to January 6162 58 [ 176566 1420
. . el 6031 52 [ 144494 1446
the hourly peak cooling inlet St — . —
temperature: Apri 54127 1121 40348 493
May 126508 1271 17393 400
e 232700 1467 2604 121
July 2R4776| 1449 497 37
St 263666 1458 2044 89
Septeber || 101673 1422 12772 326
Gitobcr 72567 1195 46132 557
Novermber 21234 845 92751 743
SR, 6510 | 115 | 158100 872
E 1232926 795611 3Iﬂ
i Hak Hours at Peak
Flow Rate
D;I_Da oo Unit Inlet (°F): 81.2 477
T
Aftel’ Chang | ng the = Borehole Design Praject £1 E'E'@
Lengths Temperatures
“Hours at Peak” to 9.0, COOLING  HEATING COOLING HEATING
. . Total Length (ft): 24512.0 245120 Peak Unit Inlet (%F): 812 a7.7
the monthly simulation Borehole Length (ft): 3064 306.4 Peak Unit Cutlet (°F): 902 416
peak COOIIng inlet Results ] Fluid] Soil] U-Tube] Pattern] Extra kW] Infurrnation]
temperature is still 5°F COBLiNG. TEATINE
lower than the hourly [Montly ] 2% Total Length (ft): 24512.0 245120
; : ; Prediction Times| 5 Borehole Number: 80 80
SImU|at|0n peak COOIIng re - Onm iy Borehaole Length (ft): 306.4 306.4
inlet temp. (81.20°F vs - Ground Temperature Change (°F):  M/A N/A
° et Peak Unit Inlet (°F); 81.2 47.7
86.10 F) In the hOUHy Peak Unit Outlet (°F): 90.2 41.6
simulation, nine 5 - | TotalUnkt Capaciy (KBtu/Hn): 1467.5 1446.3
. Peak Load (kBtu/Hr): 1467.5 1446.3
sustained hours of peak Borehole Length:| 308 ft | poay pemand (kw): 74.1 90.3
. Heat Purmp EER/COP: 19.7 47
load day after day drive = UsExternaIFiIe Seasonal Heat Pump EER/COP: 24.9 4.9
the fluid temperature up, Borehole Number; 80 B0 AN Eowe (Y b e
Rows Across: | 10 Systern Flow Rate (gpm): 366.9 361.6
a result that the Rows Down: [ 3 - Optional Cooling Tower/Boiler —
monthly simulation Separation: [200 ft Condenser Capacity (kBtu/hr): 0. =1 foohngnwer
i . Cooling Tower Flow Rate (gpm): L_E—J T 0%
method, with its more . Cooling Range (°F): 93 = Bia
. B }“— 0 % Annual Operating Hours (hrfyr): 1] 0%
Ilmlted |OadS data Set; f 0% Boiler Capacity (kBtu/hr): 0.0 { fid Baness

cannot match.

Load Balance

[EmE]




At this stage in the design, the designer might return to the energy model
to confirm if the peak load really will be sustained for nine hours in a row,
day after day. If it turns out that the energy model is correct, then the
value of the hourly simulation cannot be overestimated. In this design, the
monthly simulation results do not have access to the details of sustained
peak loads and their subsequent impact on the fluid temperatures.

Five years after system startup, the default (with “Hours at Peak” set to 3.0)
monthly simulation predicts peak temperatures of 77.20°F while the hourly
simulation predicts temperatures of 86.10°F. Ten years out it is likely the
difference will be even more pronounced (15°F difference?) Based on the
heat transfer theory, a design based on the monthly simulation alone will
result in an underperforming (and possibly undersized) loopfield. Without
hourly data, the designer will never know that there is a loopfield design
problem until the fluid temperature in the system begins heating up faster
and higher than anticipated.



