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Backgroundcand Research Hypothesis

Climatepatternsn the agricultural zones dfie Indus basin aggredicted to undergondesirable
change thathreaterthe widespreadgriculturalactivity andassociated livelihood#n the Indus
basin, most of thelimate change effects are related tpnadictable changes in the hydrological
cycle(e.g. intenser reducedrecipitation glacial melt, disturbance in Monsoon patterns,
increased fquency of droughts and flood¥Yhile the impact of these changes have been
studied on croppingatterns, cereal production and@op losses in fruits, vegetables and
horticulture,arelativelyless studied area lisestockand the associated dairy sectdvestock

is a major source of greenhouse emissibiesebycontributing towardslimate change, but is
also arecipientof climate impactsin the Ind basin, studies have predictedezlinein
livestockby 20-30%, creatinghortagesn milk, meat and poultry supplies and pushing prices
beyondthereach of the average Pakistafhere is an even less amount of information on the
water,energy anatarbonfootprint ofdairy operation#n the basirprimarily due tadifficulties in
datagathering We hypothesize in this studlyat by introducing informatiedrivenprecision
measurements, is possibleto:

a. Estimatewater,energy anatarbonfootprint offarm-level dairy operationsthereby
enablingaccuratgorojectionsfor the entire basin.

b. Studyenergywaterand wastdluxesto optimizethe waterenergyfood nexusin farm
operations in order tenhancegroductivity, promoteconservationandintroduceclimate
changeadaptation measures

The resulting conceptual magsusal diagramsystem dynamical modedsd analytical
insights can help develog@omic tools thaeverage thadvantageof watefclimate
informatics driven data services and decisionder large variabilitieand devise sound
agriculturalpolicy.

WaterEnergyFood Nexus irDairy Farm Operations

Dairy farms todayaspecthallenges and chances driven by rapidly rising energy costs and concerns about
water, energy, food anehvironmental impacts. Dairy farms use more energy and water than almost any
other agricultural operation. Energy is used in the milking process, cooling and storing milk, heating water,
pumping water,illumination and ventilation. Determining the best eme efficiency and energy
management opportunities for dairy farms will help reduce energy costs, enhance environmental quality,
saving water pumping cost and increase productivity and profitability. Energy efficiency is often an
inexpensive, quick and spte way to save money. Owork focuses on dairy equipment, new technologies

and management practices for reducing energy consumytidte power bills and energy audits can give

a good overview of how energy is being in a dairy shed, the orglyanarill down into exactly where and



when enggy is being used is to monitoFhe role of agricultural sector in the world energy scenario has
been emphasized because it can contribute to improve energy balance as produesmerfjlis. These
energiexan be change to other form of useful energies such agbjalectricity and some form can be
changed to natural fertilizer, which is much expensive part of the agriculture side. On the other side the
energy management of agricultural activities playsrategic role for the future of agriculture by reducing

the production costs and supporting the sustainability of rural development.

Water istypicaly used incultivated land, animal shedjilking shed, sterilizationbiogas plant, staff
residence andimostin every process idairy farm. For cultivated landtrigationwater, some patrt is taken
from surface watefe.g. a canaldnd some part gumped througsubmersibléurbinesfrom ground water.
Water for animal shed, milking shed, sterilization, biogas plant and for staff residence is pumped from
ground water through submersible water punidsat and milk is major padf food from animal shed
while fruits, wheat, rice, maze and numerous othedycts come from cultivated largnergy used to take
ground water on surface through submersible turbimelspumped water used to i@ cultivated land,
for animalfeed, sterilization, animal shed cleaniagd slurry mixing for biogas plant while sty from
animal shed is used to fed biogas plant which intern produce natural gas whitheisused to generate
electicity, cooking and baking purpose. Cultivateghd take irrigation water and slurry residue as
byproduct from biogas plant as natufattilizer and help to grow food for staff and feed for argna
Associationsamong water, energy, food and land in dairy farm leads ttiorough study of theater
energyfood nexus and system dynamics modeling of wanergyfood nexus in dairy farms.
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Figure 1. WateEnergyFood Nexus
Formulation of a simulation model

Dairy farm dynamics model contains animal shed, biogas ganter plant, staff residence and
agriculture fields that represented by main blocks, rectangléigiure.2. Resourcesupplied to
dairy farm are surface water, ground water, felectricityfrom power producers and animal feed
that represented by cied in figure2. Resources evolving from dairy farm are slufmnovated
into biogas, electricity and organic fertilizer&)od (meat, milk), livestockaw food and feedstuff
from agriculture fields.
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Figure2. A Typical dairy farmin the Indus BasiiSarsabz Dairy Farms, NesthakistanRenalaOkara)

O Rectanglesmain blocks in Nestle Sarsabz dairy farm
O Circles resoures to be monitored with the help of sensors
O Arrowheadsevolution and transmission of resources

O Yellow highlighted aowheads places where sensors installed
Following resources in dairy farm abeing monitored with the help of sensors such as water
distribution in dairy farm and cultivated land wigbrtableelectromagnetic flow metgfor water
monitoring at irrigation turbines, turbines for animal shed, turbines for water sprinklers, utility
pumps at animal shed while ultrasonic flowmeters for irrigation water from canal through open
channelsSlurry in nmixer well for biogas plant, stry storage pond,nderground slurry storage
tanks are being monitored with the help of ultrasonic level transmitters heaving wireless HART
communicators whilelgrry waterdischage openchannels from animal shed ardrsy residue
dischargeopen channe$ from biogas plantare monitored with the help of thermal mass
flowmeters.Total gas production at biogas plant, gas monitoring at powerhouse, gas monitoring
at animal shed fasterilizationwater heating, and gas monitoring for utility 1 and utiliig Being
monitored with vortex type gas flowmeters. Power from WAPDA, power generation from biogas
plant, power generation from HFO, demand vs. production is metered with the help of high
accuracy power analyzers. Details of all resources metering and rirapitomentioned below:



Airrigation turbines

Airrigation water from canal through open channels
Water ATurbines for animal sheds

ATurbines for water sprinklers

Autility pumps

Aviixer well for biogas plant

ASlurry storage pond

AUnderground slurry storage tank

ASlurry residue discharge channels from animal shed
ASlurry residue discharge channels from biogas plant

ATotal gas production at biogas plant

AGas monitoring at powerhouse

AGas monitoring at animal shed for water heating
AGas monitoring for utility 1 and utility 2

APower from WAPDA
APower generation from biogas plant
P Ower P | ant APower generation from HFO

ADemand vs. Production

Simulation results for pumped water

Portable EMflowmetersimulationresultsfor submersiblevater turbines foranmal sheds.

General Parameters

Fluid Water, potable

State Liquid

Character Clean Atmospheric Pressure 1.0133 bar_a
Abrasivity Not abrasive Standard EN/DINASO
Fluid Group (PED) Not considered for PED

Fluid type Newtonian

Operating Conditions

minimum nominal maximum
Requested Flow 5 394 400 I/min
Pressure . 2 . 4 . 6 . bar_g
Temperature 20 . 30 . 40 . °C
Density 998.3 995.83| 992.49 kg/m3
Viscosity 1.00152 0.79731 0.65303 cP
Vapor Pressure ' 0.0234 ' 0.0425 ' 0.0738 ' bar a
.Design pressure (min/max) . 2 . . 6 . bar_g
Design Temp. (min/max) 20 40 °C
Sizing and Calculated Results
minimum nominal maximum
Requested Flow 5 394 400 Ifmin
Velocity 0.042 ' 3.344 3.395 ' mis
Pressure loss n.a. n.a. n.a. mbar
.Measurement error Volume™™ . 2.86 . 0.53 0.53 . %

Reynolds No. 2650 . 208 854 212035



Fluid

Fluid name
Chemical formula

Fluid description
Medium character
Conductivity

Fluid group (PED)

Fluid type

Fluid stability

Te (Critical temperature)
Pc (Critical pressure)

Calculated results

Density nom.
Viscosity nom.
Sound velocity nom.
Spec. Enthalpy
Vapor pressure nom.

Reference values:

Water, potable
H20

Clean
more than 50 pSicm
Not considered for PED
Newtonian
Stable

3741 *C

221.2 bar

995.83 kg/m3
0.79731 cP

1512 m/s

0

0.0425 bar_a

Normal conditions (SI):

State
Calculation standard

Tm (Melting point)
Tb (Boiling point)

Pressure nom.
Temperature nom.

Liquid
IAPWS

0.04 °C
100 °C

4 bar g
30 °C

Standard conditions (US):

Atmospheric pressure 1.0133 bar_a Atmospheric pressure 1.0133 bar_a
Sizing and Calculated Results
Flow Principle Electromagnetic
Meter Size DN 50
Operating range min. 5
Operating range max. 1100
Velocity at reg. Flow min. 0.042
Velocity at req. Flow nom. 3.344
Velocity at reg. Flow max. 3.395
Meas. error Vol. at req. Flow min.*** 2.86
Meas. error Vol. at req. Flow nom.™" 0.53
Meas. error Vol. at req. Flow max.*™* 0.53
Meas. error Spec. Vol. at req. Flow min.*™ 491
Meas. error Spec. Vol. at req. Flow nom.™™ 0.26
Meas. error Spec. Vol. at req. Flow max.”™™ 0.26
Measurement error [%]
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Systemdynamics modeling by using causal feedback loop structure

Animal shed is vital pamf the dairy farm which produce useful resource slurry to produce two
major energy part products i.e. biogas and slurry res#huther vital product is food in the form

of milk and meaproduced from livestockMost part of thegas frombiogasplantis fed to the
power planis to produce electricity and some part is used in staff residence and living area mostly
for kitchen useSome part of the gas is also used to heat water for sterilization and cleaning
purposeSlurry residue produced in reaction ofizer after biogas production is gathered in a large
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Figure3. Feedback loop structure of dairy farm constrained by dairy farm inputs, outputs and byproducts

underground chambe8lurry from underground chamber, slurry storage pond and slurry mixing
well is led to the canal water open channel course and supplied to the cultivated land as an organic
fertilizer. Some of the remaining part of slurry let dry and used as a dryzfartiii cultivated land

and some part of it use as a house hold fuel for burning purplestricity produced by power

plant from biogasised all over the dairy farm in animal shed, cultivated land, staff residence



(figure 3, loop 2knd alssupplied to Barby village or fed to the national grid to enhamsenue.
Similar strategyused if someextrabiogas producedSurface water, both from canal waterd
pumpedfrom ground wateresourcess available for irrigation purpose cultivated landfigure

3, loop 7 however water used for animal shed cleaning, livestock drinking \{fegere 3, loop

5, 8), water for sprinklers to madain humidity &tempeature and water for utility &ouse hold
purpose of staff residen¢igure 3, loop 6)s dependent orrgund water. Numerous water pumps
and water turbines used to take ground water from underground reservoirs to surface water stored
in water tankslrrigation water mainly taken from canal through open channeis#vas cost of
electricity rom water pumg and turbines teave cost ofhis additional media and its installation

and maintenance but when canal waerot available during the summer, water turbines used to
fulfill water requirements. Major problem to take water from underground water reses/oirs
salinity which degrade the fertility of cultivated land. As we pump more and more water through
turbines for extensive timewater table surface begins to fall. With the passage of time water table
surface keep up falling and salinity in water increase which ruins the fertility of soil. After some
time, fertility of soil decr@sewhich leads to reduced yietd cultivated land.

Study of these interconnects will lead tnslation resultsfor pumped waterbiogas,power
analyzersaand amathematical modelinffameworkfrom causal feedback loop structure
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Appendix: Instrumentation Survey for Sarsabz Dairy Farms, Renala

1. Water Turbine

Floywmeter Should
Be Installed here

2. Installed Turbine type FM




.




3. Irrigation Canal Water Channel
Canal water channel (Divided infopaths)

Water is Being Divided into 2 Fields

i

1.For owner field

2.For Nestle fields

FM




Channel Width 76cm, wall thickness 6cm

s 597'011 2 7ls 7la 7 7le 7i7 T8 7198

s 495051 sl2 513 514 5 sl si7 518 596051 el2 6l3 6l4 66 617 6

Channel depth 66cm



4. Submersible Water Turbine
Submersible Pung(For Water Sprinklers)

Pipe diameter 30, Circumference 28
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Installed US level sensor




7 Slurry reS|due from UGBG plant sIurry tank




ng mixed into water for fields
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1. Header Pressure Gauge & Flow Totalizer




3. Power Hous®ressure Gauge & Flow Totalizer



4. Kitchen 1 Gas meter




5. Kitchen 2 Gas meter




1. Distribution Panels

2. Distribution Panel SW|tch s for Gen & WAPDA

T T R




3. Generator Power Ratings

4. Dead PLC & Generator Hour Meter



" EAOM-210FD

Zi )/1"&': V= *

Al il

-r'," TR we .




Equipment Required

1.

Flow Meter/ Totalizer for submersible Pumps
Type: Hectromagnetic Flow Meter

Fluid: Raw Water

Size: DN50

Output: 420mA

Quantity: 2.

. Flow Meter/ Totalizer for water turbines for irrigation

Type: Electromagnetic Flow Meter
Fluid: Raw Water

Size: DN125

Output: 420mA

Quantity: 1.

Flow Meter for Biogas Pla
Type: Vortex Flow Meter
Size: DN50

Fluid: Natural Gas
Output: 420mA

Quantity: 1.

Flow Meter/ Totalizer for open water channels
Type: Ultrasonic Flow Meter

Fluid: Raw Water

Output: 420mA

Quantity: 1.

Ultrasonic Level Transmitter for slurry tank asidrry mixer well
Range: 46m

Output: 420mA

Fluid: Slurry/ animal dung

Qty.2

Power Analyzer for Biogas Power Plant
Type: 3Phase

Qty.2.

Recorder 12 channels for Integration of all nodes
Output: Ethernet/20mA/.

Qty.1



INSTRUMENTS REQUIRED FOR NESTLE SARSABZ FARM

ITEM

DESCRIPTION

QTY

UNIT PRICE

Total PRICE

01

02

03

04

05

06

06

(3a)

(3t)

(3¢)

(34)

(3e)

OPTION.1. BEST INDUSTRIAL SOLUTION
Promag DNSO 2" ~a

Electromagnetic Flow Meter
Flow Meter/ Totalizer for submersible Pumps
Malke: Henan Dafang Dingsheng Flow Instrument Co., Ltd

Promag DN150 6" ~ 4
Electromagnetic Flow Meter

Flow Meter/ Totalizer for water turbines for irrigation A
Make: Henan Dafang Dingsheng Flow Instrument Co., Ltd

=

Prosonic S FMU90
Evaluation: level/flow
Model:FMU90-R22EA111AA 1A+
Prosonic S FDU90

Level, ultrasonic, contactless.
Model:FMU90-R22EA111AA1A*

Weather protect. cover FDU90
Level, ultrasonic, contactless.
Model:52025686

Sensor support 500mm, ST, US-sensor
Level, ultrasonic, contactless.

Model:919790-0000

Khafagiventuri QV304, Flume higher
Level, ultrasonic, contactless.

Model:011454-2004

Flow Meter/ Totalizer for open water channels

Make: Endress+tHauser (Reinach, Switzerland)

Prowirl DNSO 2"

Vortex Flow Meter

Model: TF2B50-AABCCA1D2SK+AAD

Flow Meter for Biogas Plant

Make: Henan Dafang Dingsheng Flow Instrument Co., Ltd

|2f@
L

)

¥
Prosonic T FMU30 %
Level transmitter, Ultrasonic, contactless p=4
Model:FMU30-AAHEABRHF
Ultrasonic Level Transmitter for slurry tank and slurry mixer well
Make: EndresstHauser (Reinach, Switzerland)

Supply Network Analyzer

Single-phase 230 V ~ (a.c.)
Model:FMU30-AAHEABRHF

Power Analyzer for Biogas Power Plant and WAPDA
Malke: Circutor (Spain)

Installation, accessories, flanges, cables
Mechanical work, accessories, flanges, cables, conduits etc.

01

01

From Zahoor Khan ultr;

01

$338

$487

$2906

$338

$487

asonic sensors

$296

From Zahoor Khan ultrasonic sensors

02

01

$125

$1,100

$250

$1,100

Total Price in USD

$2,471




