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ABSTRACT

Water, a necessary and important resource forribeeps industry is growing in demand every yeahagesult
of the booming world population. Wastewater genenain industrial operations and consequent harslirenmental
disposal regulations calls for intensivia ‘si-tu’ wastewater management. This paper describes hewv#tter pinch
analysis (WPA) technique, based on the pinch teglmiwasadapted to establish the reduction ofirat#r demand for a
typical Nigerian brewery. TheWPA is a graphical hoetology for freshwater and wastewater minimizatidhe results
obtained showed that applying the reuse approatiedfVPA to brewery operation could lead to a rédadn freshwater
demand of 17.08% with a freshwater pinch of 1570giin and an outlet average concentration reduceth fr
9684.00 ppm to 8507.70 ppm. The WPA technique apidly yield accurate minimumwater targets, pincinplocations

and water allocation targets for a brewery watéwoek which could be very useful in management sieos.

KEYWORDS: Freshwater Demand, Pinch Point, Wastewater GeaeryatVastewater Management, Water Pinch

Analysis
INTRODUCTION

In recent years, the rapid growth in populatioduistrialization and urbanization has resulted inarease in the
demand for water leading to serious environmerdakequences [1,2,3], and stringent regulationsnfitustrial effluents
has led to a paradigm shift in thinking about waisage [4].

The amount of water used in manufacturing varigsiicantly from industry to industry as well asopess to
process. Alva-Argaez et al [5] reported rough eatemconsumption in chemical manufacturing for tqiedcess and
cooling water usage as between 4.5 — 45 litreskgeof product. After utilizing the water, these pegses deliver
wastewater, which contain various hazardous orctpxillutants that need to be strictly controlledhefiefore a critical
environmental concern of the chemical processidgstries (CPI) lies in the generation of large diti@s of organic and

chemical bearing wastewater.

As water supply and treatment costs increase, thelebe increasing pressure onCPl to reduce water
consumption [6,7]. Also, the need for CPIs to capil the dynamically changing environmental regolas and the need
for reducing the wastewater discharges into theirenment through wastewater reuse and recyclingynams is
becoming more significant in the process industriBlsus, water conservation and wastewater reuseracytling

programs are proven to be more economical in thentepast.

Impact Factor(JCC): 1.5548 - This article can be denloaded from www.impactjournals.us




| 34 Olakunle, M. S & Ityokumbul, M. T |

In most wastewater management scheme, wastewateated before discharge into the environmenetoave
contaminants to such limits that meets environmemigulations. Water treatment processes are ermens
Hence, the minimization of freshwater usage as aslvastewater generation in process systemsgiseat environmental
and economic importance. Focussing on processes dkaerate wastewater in industries, ensuring prope
process-to-process freshwater utilization, recy;linegeneration and reuse methodologies, have préweminimize

wastewater generation in various processing ingssf8], thus achieving adequate wastewater managem

There are so many researches in water minimizatiosolve this problem in industries with differespatial
approaches [9,10,11,12,13]. Water system integratione of the important methodologies of wastewater
minimization(otherwise known as water pinch ana)ysionsiders how to allocate the water quantity quality to each
water using unit, so that water reuse is maximaétiin the system and simultaneously the wastewgésreration is
minimized. This method shows excellent effectiven@ssaving freshwater and reducing wastewater. [Mgter reuse is
gaining popularity throughout the world as an optior supplying a reliable alternative supply ofterafor applications
that do not require high-quality water, freeinglupited potable water resources, while reducinduefit discharges into

receiving waters [15,16].

The brewery, one industry that is of important exoit value in the agro-food sector, utilizes laegaount of
water and generates considerably large amount stewater in its processes. About 67.76% of thehfrester utilized in
beer production is generated as wastewater. EXoepthe quantities of water that beer holds in tsr by-products,
the rest of it is considered aswastewater. The dmgs wastewaters as a result of its materialcdraemnire a high level
treatment, which are usually very expensive[l17, X80 et al [19] reported that breweries are amGRg that consumes

large amount of freshwater per ton of beer.

Generally about 10-40 t of freshwater is consumeu] at the same time, producing one ton of beer
correspondingly generates 7-35 t wastewater. Thetewater consists of non-toxic organic componentshigher
concentration, such as protein, fattiness, fibrarbchydrate, waste yeast and hop residue. Sucheweatsr,
when discharged into the natural water result inoas environmental pollution. How to decrease daffely the
environmental pollution from beer wastewater ardlioe the cost of beer production, by means of gafvegshwater and

reducing wastewater discharge, has become an iargassue for the breweries.

Water Pinch Analysis, a systematic technique foalying water networks and reducing water costs for
processes has helped companies to systematicalymineé freshwater and wastewater volumes. It ushsreced
algorithms to identify and optimize the best wateuse, regeneration and effluent treatment oppibigan It has also

helped to reduce losses of both feedstock and bkdymoducts in effluent streams [20].

Hence the objective of this paper is to apply these approach of the water pinch analysis to magatie
volume of wastewater generated in a typical brevierpigeria with the sole aim of reducing freshwatilization and

minimizing wastewater generation.
WATER PINCH

Wang and Smith [21]introduced a graphical methoglplfor water and wastewater minimization. This noelth

was established on the basis of developing a ptachnique for heat integration[22]. Each water-gsaperation is
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supposed as a mass exchange process. The curesl relaach operation is drawn by specifying a maxn acceptable
inlet and outlet concentration of that operatiohisTcurve touches the water supply line (whichtstkom zero point) at

one or more points. These points piech points

It must be pointed out that this method is basedaoocontaminant concentration curve versus mass. load
The minimum amount of fresh water and the watet taa be reused can easily be determined by piottia curve of
total required water on the concentration/contamtinead diagram. This minimum required water isleghlminimum

target and the limit of critical concentration bétprocess that prevents any drops in target liscctile pinch point[23].
Water Cascade Table (WCT)

Tan et al. [14,24] proposed the use of Water Cascade TableT\M&S a supplement to water surplus diagram
introduced by Hallale[25]. WCT is tabular and nuio&r in nature, it eliminate the tedious trial-agater graphical

solution of the water surplus diagram during theedaination of the minimum utility targets[26,27].
METHODOLOGY

The analysis of a typical Nigerian brewery was doséng the water-pinch analysis method. The staekent

during the analysis are as follows.
» Identification of Water-Using and Wastewater GetieraUnits.

The process flow diagram of the entire processtpdandl water network was obtained. The water-usimgy a

wastewater generation units were identified.
» Data Extraction

From each of the water-using and wastewatergeparatiits identified, the following concentrationdaftow rate

data were obtained.
0 The contaminant concentrations of the inlet andebutater of each water-using unit available.
0 The corresponding water flowrates of each availabie
o0 The quantity of freshwater consumed by the propkss, which for this typical brewery stands at Bibt/h.
0 The quantity of wastewater generated daily as @tre§production
0 The mass load was also obtained from the expreasiahown below;
Mass load = Volumetric flow rate x Mass concentrati
» Construction of Problem Table

Problem table for data that were obtained was ulyefonstructed and the data carefully tabulatedtzown in
Table 1.

» Concentration-Composite Curves

The concentration-composite curves for the seleatai@r using processes were plotted using condantrand

mass load values. These plots were used to detetiménpinch point of the analysis.
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RESULTS AND DISCUSSIONS
e Data Analysis

Water using operations along with contaminant logdor the operation are as shown inTable 1 anagteeage
water demand by the brewery before the applicaifdhe water pinch analysis is 175.90t/h.

Table 1: Problem Table for the Water-Using Operatim of a Typical Nigerian Brewery

Operation Limiting Limiting' Inlet Limiting Qutlet Mass Load
Flowrate (t/h) | Concentration (ppm) | Concentration (ppm) (kg/hr)

Mashing 70.00 0.00 1570.00 109.90
Wort Boiling 75.92 442.00 1695.00 95.13
Mash Filtering 56.58 1596.00 8474.00 389.1¢
1° fermentation 71.54 1950.00 9010.00 505.0Y
2° fermentation 42.64 857.00 1464.00 25.88
Beer Filteration 13.46 900.00 9684.00 117.02

Table 1 shows the various water-using operatiorth@brewery amongst several other operations. Batfese
water-using operations could be seen to genergtefisantlevel of polluted wastewater. If the geated wastewater is
discharged without treatment through the effluetnéasns to the receiving water body, it will congtit a serious
environmental challenge and this will definitelyratt a stringent fine by the Environmental PratecAgency. However,

the cost of treatment also could be significanariog in mind the nature of the contaminants inwlastewater generated.

From Table 1, operations 3,4 and 6 are high paitutggenerating wastewater processes, whereas aperati
1,2 and 5 generate relatively lower concentrati@stewater. Processes with lower concentration wasée production
could therefore be considered for reuse in therotperations in order to minimize the total wastewaenerated and

reduce freshwater utilization for such units, thgreeducing the overall freshwater demand.

Applying the water pinch analysis with the reusprapch, the concentration-interval diagram (CIDslswn in
Figure 1 was constructed matching each water-usiegation flowrate with both the inlet and outlencentration levels.
This then enabled the determination of the mas$ floaeach concentration interval and subsequénéycumulative mass
load and freshwater flowrates demand for each spaeding concentration level.
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Figure 1: Concentration Interval Diagram for ReuseApproach
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The concentration-composite curve (Figure 2) was tplotted from the value of the concentration leral the
cumulative mass load of the processes. In Figuné dould also be seen that the cumulative masg foa the entire
operation stands at 1242.16 kg/hr and the minimuoeshfvater flowrate needed for the entire operatimuld be
146.00 ton/hr.

By drawing the freshwater supply line from the aritp touch the concentration-composite curve @ist point

(in Figure 2), help to determine the freshwatechpipoint, which is the point of tangency.

Thus the freshwater pinched at 1570.00 ppm, whidhé maximum allowable concentration level foslfiwater
supply. Above this concentration level reuse ofhsoontaminated water may not be economical. Thaslitd easily be
observed in Table 1 that there are pinch violationsperation 3 and 4 in which the inlet concemnbra of the streams are

above the pinch points.

Also it could be observed from Figure 2 that therage outlet concentration of the effluent streanbé
channeled for treatment would be 8507.70 ppm witlhraesponding mass load of 1242.16 kg/hr. Thizlistively lower
compared to the highest 9684.00 ppm of the operé&tim the existing design.
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Figure 2: Concentration-Composite Curve for the Rese Approach

Based on the analysis, the mass balance for therwaing network was then developed to enable prope

retrofitting of the water network, Figure 3.

For the simplified water-using network, water syppito the process (reduced from 175.90 to 146h®n/
indicated by the thin line, the supply was madegerations 1,2,5 and 6; since their limiting irdethcentrations are lower

than the pinch concentration being 1570ppm, thudgmgahem to require freshwater supply.

The exit stream from operation 1 and 5 indicatedth®y dashed lines, instead of being disposed cansbd
elsewhere in the process as their concentratioasbalow the pinch concentration. Thick lines inticéhe various

water-using operations where wastewater generateel o be disposed.

Impact Factor(JCC): 1.5548 - This article can be denloaded from www.impactjournals.us




Olakunle, M. S & Ityokumbul, M. T |

146.00 t'h
0.06 th 707 th 3637 th 69 04 t/h 13 46 th
157000 ppam 1695.00 ppm 2474.00 ppm 9010.00 ppm S624.00 ppm
Opera.lt'mn4
69 04 t/h
— e ] ——— — 1694.00 ppm
| 169500 ppm 8747.00 ppm pa84.00 ppm
| Operation 2 Operation 3 Operation 6
| |?rs.0wh 3600 th 13.46 t/h
44200 ppm 1570.00 ppm 930.00 ppm
I E— —_—— e e ———
1370.00
Fr |1464.EID Pt
Operation 1
peraTon Operation 5
70.00 th 5335 th | 1768 th 497 4k
146.00 t'h

Figure 3: Mass Balance for the Simplified Water-Usig Network — Reuse Approach after WPA

CONCLUSIONS

The application of the water pinch analysis was alestrated on a typical Brewery in Nigeria using thase

methodology approach. Developing a systematic waggwork design using the reuse application thusmiped the

freshwater utilization of the water-using operasi@nd reduced the water demand by 17.08%, freshyiteh obtained

was 1570ppm with an average outlet concentratiotisgfosed wastewater of 8507.70ppm. This reductiad therefore

be translated to potential financial saving anryigllterms of both freshwater reduction and minimvaktewater disposed

for treatment per batch process of production.
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