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Calculate the Energy to Pump a Fluid in a Pipe and the
Carbon Footprint of the Pumping Energy after Optimizing the Pipe Size
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Energy Calculations with Fluid Hydraulic Pump Head

Class needs to evaluate the optimum pipe size:

» Exercise # 1 for Class
» Beechwood Aging Process

» Krausening Transfer Line
* Motivation: Schedule Alpha Beer Transfer with Krausen Beer

SEQUENCE PLANNING AND TIME SCHEDULING CLEAN IN PLACE

BREWKETTLES, & Brews per Fermenter ] KRAUSEN BEER - BEECHWOOD AGING PROCESS
HOT WORT RECEIVER (FOR FLAVOR ENHAMCEMENT) CIP HWR
HOT WORT COOLER CIPHWC
‘ Sweet Wort
CIP ST

- ALPHA BEER, 6 HRS (@ 200 GPM
> F&#3
i ALPHA BEER, 6 HRS {@ 200 GPM
» CIPF#2
Sweet Wart RAUSEN BEER, 6 HRS (@ 30 GPM
A - CIPF&L
CIPCT#4
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Energy Calculations with Fluid Hydraulic Pump Head
Class needs to evaluate the optimum pipe size:

 Exercise # 1 for Class

BEECHWOOD AGING PROCESS
e Beechwood Aging Process with KRAUSENING LAGERING . {
» Krausen Beer Transfer Line (Red Line)
* Criteria
*Chip Beer from Alpha Fermenter
« 2500 BBL, 200 GPM, 6 Hrs.
» Krausen Beer from Settling Tank
« 375 BBL, 30 GPM, 6 Hrs.
* Yeast Injection to Krausen Wort
« 11 BBL, 1 GPM, 6 Hrs.
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Brewery Fermentation Transfer of Beer

Ene rgy Calculations with Fluid H yd r Determination of Optimum Economic Pipe Diameter for Constant Mass-Throughput Rate

Total Cost (Operating + Installation)

\

Optimum Econtmic Pipe Diameter
"

How to calculate the Optimum
Pipe Size (Min. — Max.):

Fixed Charges Based
On Capital Investment
For Installation

* Trial & Error Technique A+B
« Bisection Method |
» Based on Flow Rate (gpm)
* First Try Minimum Dia. (17)
» Secondly Try Maximum Dia. (27)
 Select Value in between (1.57) 4

Cost For Operating
Purmping Power
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Carbon Footprint of the Pumping Energy after Optimizing the Pipe Size

Energy Calculations with Fluid Hydraulic Pump Head

Needed to calculate the optimum -

pump motor size:

* Pipe inside diameter (d)

* Pipe Equivalent Length (L)

* Installed Linear Length of pipe cost per foot ($/ft)
* Fluid (BKR) flow rate (gpm) e
« Fluid (BKR) density (ro) and viscosity (cP) = i e
* Pump efficiency (ep), estimated

* Pump motor cost ($) and motor efficiency (em)

» Pump operating electrical power conversion to a
Carbon Footprint (not the pump Life Cycle Analysis,
LCA is beyond the scope of this workshop)

Energy to Pump
Krausen Beer in Pipe

Pump & Motor



Beverage Fermentation Class Case Study Workshop
ESG Processes at Anheuser Busch, Inc.

Brewery Fermentation Transfer of Beer AICh E 8y

young PROFESSIONALS

Class needs to evaluate the Optimum Pipe & Pump size:

« Exercise # 1 for Class to generate the Optimum Pipe size BISECT|ON METHOD SOLUTION
 Using Fluid Flow Equations to the right, Calculate Nominal Size |17 z 15 inch
1. Three Velocities for Line sizes Pipe Fluid Floy Velocity ~ Bun#1 Bun#2 Bun®3 Bun®l1 Bun#2? Bun#3 LUnits
2. Three Reynolds Numbers for LiN€S  consanFion rus i@+ @ivem e [@E [ = [ @] crm
3. Three Friction Factors for Lines Sohedule 5 Sinside fotualInside Dimersion
4 Three Head Losses for Lines Fipe Diameter [d) = (GIVEN) d | 1ae0 ] 2zas0 | 13700 | Inch
Fipe Installed CostiFoot = [GIVEN] | w000 | #2000 | #1250 | $¢Fx

' _! Pipe Equivalent Length = (GIVEMN] | tooo | om0 | 1000 | Fe

Pipe Installed Cost [est]=  [GIMEM) (Material Cost] [ #0000 | s20000 [ #2500 | 8
Fluid Velacity [v] = 0.408%0 = v (FIND) ¥ | | | | E
d~2 Sec
Fluid Density [ra] = (GIVEN) (KrausenBeer) ro | E26 | 625 | 625 | Lbs
CuFr
Fluid Wisaosi (cP) = (GIVEN) (KrausenBeer] oP| 11 | 11 | 11 | eP
% 3 =3 f
~c B * PeynoldsMumber (Mrel= 123837107 w"d = Mre  (FIND] Nie | | | | roa
: R oar : 1 P
\ ™ 4 | i
AR SN Fluid Specific Gravity (S5) - (GIVEN) (KrausenBeed | 1w | 1w | 1w |
¥ | FictionFactor(fl = | 18L0G ~ Nre |*(2) = f (FIND) f | | | | o
> 1 L . 7
L1 l__‘ v
‘ Head Loss (Fi1,0000= 00317 £ 1000 T2 4S5 (FIND) hL | | | |Fu i 1,0000
I ) [ ey p——
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Class needs to evaluate the Optimum Pipe & Pump size:
» Exercise # 2 for Class to generate the Pump Horsepower

* Using Fluid Flow Equations below, Calculate
1. Three Pump Break Horsepower values for the Lines
2. Three Pump Motor Horsepower values for Lines
3. Three Pump Horsepower values for Lines
4. Three Pump Motor Energies for the Lines

Pump Effisiercu(epl=  (GIVEN] ep | 0o | o7 | avo T
Pump Brake Hp (BHp)= Q" Fr" SG{ 3,960/ ep = (FIND) | | | | BHp
Mator Efficiency leml= | (GIVEN) em | 085 | 0BS5S 0ES | A
Pump Motor Horsepower [MHp] = EHp f em = (FIND) | | | MHp

Pump Horzepower (Hpl= [PUMP MOTOR HP TABLE] (FIND) I

Pump Maotar Energu (W= IHp ™ 7457 wattsiHp = (FIND] I
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Class needs to evaluate the Optimum Pipe & Pump Size:
* Exercise # 3 for Class to generate the Pump Motor Operating Carbon Footprint
* Using Fluid Flow Equations below, Select & Calculate:

Select Three Pump Motor Costs from Table below

Calculate Three Pump Motor Operating Costs
Calculate the System Installation Costs for Three Pumps

Calculate the Three Pump Motor Operating Carbon Footprint Values
Select the BEST Pipe & Pumping Size

Pump Matar Installed Cost = [PUMP MOTOR HP TABLI  (FIND) |

Pump Mator Operating Cost = Watts " $007 £ = (FIND) I I I I ¥
T'DiaMin. 2" Dia.Mas. 15" Dia,
System Instal & Cper. Cost = Pipe Cost » Motor Cost+ Op ozt = (SOLUTION) | [ [ | 4
* Operating Carbon Foctprint [CFP) = Lbs CO2 1,000 Hr = [SIJI.erIDH]l | | | CFP
[Mat = Pump CFP Life Cucle Analysiz)
Mast Sustainable (OPTIMUM) = (soLuion | [ | |
STANDARD PUMP MOTOR HORSEPOYER & COST lestimated] TABLE
0.25 Hp $100 3 Hp $1.200 23 Hp $10,000 100 Hp $40,000
0.5 Hp $200 3 Hp $2000 30 Hp $12,000 125 Hp $30,000
0.73 Hp $300 1.5 Hp $3.000 40 Hp $16,000 130 Hp $60,000
1 Hp $400 10 Hp $4,000 30 Hp $20,000 200 Hp $80,000
15 Hp 3600 13 Hp $6,000 B0 Hp $24,000 250 Hp $100,000
2 Hp $800 20 Hp $8,000 T2 Hp $30,000 300 Hp $120,000

*

*

5 inable Engi " Pringigl T - Dr. Bakshi. Cambridge Uni ity P 2019
Chapter 3, Inventory Analysis

Table 9.2, Typical Life Cycle Inventory Data from Input-Output Models

Reference: 221100; . v'ang, \W.\". Ingwersen, T.R. Hawkins, M. Srocka, and 0.E. Meyer;

USEEIC: A Mew and Transparent United States Ervironmentally Extended Input-Cutput

model, ol Sinanas Fhoctessiaa | 158: 308-313, 2017

coz kal# 221100 E.2TE+00

HIGH LI MIOPOIMT
Bun#] Bun#? Bun#3j
MPUT  IMPUT IMPUT
OUTPUT CQUTPUT  QUTPUT

18,245 363 2682 ‘watts
1 1 1 Howrs
18,245 (=1 ] 2,682 wh
18.2 0.9 7 kw'h
The Bedfard Industrial Cost of Electricity is : $0.07  k'wh

Determine the Life Cycle of COZ emissions far this system based on an Input-Output madel

10 Madel Life Cucle CO2 Emissions =

Run#1= B.Z7E+00 kg 30,07 5.2 kb = &0 kg COZ= 176 Lbs COZ
3 kiwth

Run#2 = B.2Z7E+00 kg 3007 0.9 kel = 0.d kg COZ= 0.8 Lbs COZ
k3 kb

Run#3 = B.2Z7E+00 kg 3007 2T kel = 1z kg COZ= 2.6 Lbs COZ
k3 kb
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