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Reference AHU & Goal of the simulation

ODA Goal of the simulation:

. — to minimise the AHU'’s running
e F:/EEEE% - costs (energy + water)
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CD Combined dampers HE |Heat exchanger
PC Prehei OD |Outdoor air
HU Humidifier (steam/adiabatic) SUP |Supply air
CC | Coolingcoll | EXT | Extraction air 1
~ RC | Post-heating coil
IEC Indirect evaporative cooler

12 April 2023 Eurovent India Expert Workshop 118



£> Association for Indoor Climate, Process Cooling,
=y EUROVENT and Food Cold Chain Technologies

Simulation input data

» Localities: Atlanta (GA), Chicago (IL), Denver (CO)
« Climatic conditions: ASHRAE’s TRY

» Space set point: 23.5 °C / 74 °F; 50 %rh

»  Supply/extraction flows: 120,000 m3/h — 70,629 cfm
* Persons: 1,000, duty: 24/7/365

» Costs (see slide «Bibliography»):
= Electricity: US Energy Information Administration
= Gas: US Energy Information Administration
=  Water: Utilities’ data

» Coils sizes: automatically calculated based on set points and internal loads
*  Humidifier sizes: idem

» Pressure drops considered for: humidifiers, heat exchanger
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Cases
4 | ooa | w | W | c____| slows _

1 (BASE) 100% fixed Gas-driven NONE NONE FIXED
SPEED (CAV)

2 100% fixed High-pressure water, 73%/0% sens./lat. eff., High-pressure water, FIXED
modul. step 10 L/h 0%-100% bypass (step 33%) modul. step 10 L/h SPEED (CAV)

—2.64 gal/h —2.64 gal/h
3 20%-100%, High-pressure water, 73%/0% sens./lat. eff., High-pressure water, FIXED
o modul. step 10 L/h 0%-100% bypass (step 33%) modul. step 10 L/h
step 33% .64 gal/h .64 gal/h SPEED (CAV)
4 20%-100%, High-pressure water, 73%/0% sens./lat. eff., High-pressure water, 0%-100%,
step 33% modul. step 10 L/h 0%-100% bypass (step 33%) modul. step 10 L/h o
—2.64 gal/h —2.64 gal/h S 33% (VAV)

Yellow: changes vs. previous case
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Atlanta, GA

Total input energy cost: savings (< 0) / losses (> 0) [currency]
<s}’o
% 4 6},0
%, % A
Q’» (/J‘ 6’5‘,\ & ) 0; & & Py Py I"J‘
. % g Lo Ly Tt F, Py F, % %
/7(‘ < OQ‘ /o‘b O‘Ir/ Q @47 @‘I« Q‘p Q‘b o‘p 66&' lp‘y
2 N N G T B I S N 2
500.000,00 -
34.115,55
400.000,00 - 384.108,21
300.000,00 - Base = #2
200.000,00 -
100.000,00 -
0,00 0,003.235,59 0,00 0,008223,320,00 0,00 0,00
0,00 7 T T T T i T T ——— T T T
-100.000,00 - -61.466,26

HE'’s savings @ 100% ODA & CAV (#2) is replaced by bigger savings when

modulating ODA @ CAV (#3), both being surpassed by VAV’s savings @ modul.
ODA (#4): modulation of both SUP and ODA % gives the best result because it

adapts the AHU to the need.

12 April 2023 Eurovent India Expert Workshop

400.000,00 -
300.000,00 -
200.000,00
100.000,00 -

0,00 -
-100.000,00 -
-200.000,00 -

-300.000,00 -
500.000,00 43

400.000,00
300.000,00
200.000,00
100.000,00 -

0,00 -
-100.000,00 -
-200.000,00 -

-300.000,00 -

34.115,55

265.608,53

Base = #3

0,00 0,00 750,47.664,70 0,008.223,320,00 0,00 0,00

T T T T T T T T T T T

-185.145,47

4.115,55

Base = #4

121.857,37

0,00 0,001.800,42913,88 0,001.021,780,00 0,00 l
T T T T . T T T T T

-39.453,78

-281.540,48

121




£> Association for Indoor Climate, Process Cooling,
=y EUROVENT and Food Cold Chain Technologies

[ ]
&3
%, S, 8
, c %, & 2
G Se % 8 4 % 4 & 4 4 Y g4
Mg oy %, Cu, Ry e, Ry %, P, % i
% % %, © % ¢’4] . (o] % %
800.000,00645 984,07
Total input energy cost: savings (< 0) / losses (> 0) [currency] 600.000,00 -
4
o, P 8 400.000,00 -
v
"'4,5,0 %, %, Base = #3 229.349,72
%, R SR 8 2 & & & & % 2 200.000,00 |
% B T, T, oy P, Ty %, Th %, 6,
> Q‘(/ /‘b Y @‘L 4 47 QA”A q,& 01,, @‘L /‘p 4/7 0,00 0,005.174,20.923,32 0,004.488,170,00 0,00 0,00
&(/ ﬁ@ 2 @C‘ &6\ (7 C < oo /P(\ . (9 0,00 ~ T T T T T T T T T T T
800.000,00 -
696.984,02 200000,00 |
600.000,00 -400.000,00 -
456.444,32
-488.220,11
400.000,00 - Base = #2 60000000 -
800.000,00655 984,07
200.000,00 600.000,00 |
0,00 0,002.849,59 0,00 0,004.488,170,00 0,00 0,00 400.000.00
0,00 - T T T T T T T T T T T . ’ ) B
ase = #4
-200.000,00 - 20000007 87.842,56
o 0,00 0,00 570,42.525,54 0,007.386,820,00 0,00 l
_247'877,47 0,00 T T T T T T i T T T T T T
-400.000,00 -
1200.000,00 - -97.125,73
HE'’s savings @ 100% ODA & CAV (#2) is replaced by bigger savings when 400.000.00
modulating ODA @ CAV (#3), both being surpassed by VAV’s savings @ o
. . g
modul. ODA (#4)_. modulation of both SUP and ODA % gives the best -600.000,00 522.498,54
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Denver, CO

Total input energy cost: savings (< 0) / losses (> 0) [currency]
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HE'’s savings @ 100% ODA & CAV (#2) is replaced by bigger savings when
modulating ODA @ CAV (#3), both being surpassed by VAV’s savings @ modul.
ODA (#4): modulation of both SUP and ODA % gives the best result because
it adapts the AHU to the need.
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Conclusion

« VAV systems save the most because they adapt the supply air flow to the
needs, which implies additional savings across the AHU because the

output of AHU’s devices (coils, humidifiers, etc.) is proportional to the
supply air flow.

« Use control systems (controllers + sensors + actuators) that can modulate
at best all devices inside the AHU.

« Use evaporative cooling systems whenever convenient (simulations) and
allowed, always considering any associated water stress.
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Bibliography

* Electricity: US Energy Information Administration,
https://www.eia.gov/electricity/monthly/epm_table grapher.php?t=epmt 5 6 a, July 2021

« Gas: US Energy Information Administration,
https://www.eia.gov/dnav/ing/NG_PRI_SUM_A EPGO PCS_ DMCF_M.htm, July 2022

 Water:

» Atlanta, GA: https://s3.us-west-2.amazonaws.com/cobbcounty.org.if-us-west-2/prod/2022-
01/CCWS-Water-Rates%202022_0.pdf

» Chicago, IL: https://www.amwater.com/ilaw/resources/rates/Chicago _Metro Water.pdf,
https://www.amwater.com/ilaw/resources/rates/Chicago_Metro Wastewater.pdf

» Denver, CO: https://www.denverwater.org/business/billing-and-rates/2022-rates#n
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