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ABSTRACT

Pharmaceutical effluent disposal is a serious problem in the present times. The manufacturing process 
involves the use of both organic and inorganic compounds, which contribute to high chemical oxygen 
demand and dissolved solids. The common techniques used to extract available salts and to produce 
reusable waters are evaporation and cooling. Evaporators are equipment used for evaporation 
which is a kind of heat transfer system in which transfer mechanism is controlled by natural or forced 
convection. Multi-effect evaporators in many industries are used for volume reduction and cutting down 
the waste handling cost. This paper focusses on studying the efficiency of multi-effect evaporators in 
the pharmaceutical industry for the treatment of high total dissolved solids (HTDS) waste streams. The 
feed and condensate parameters were monitored for three years. Competence of the treatment process 
is presented in terms of reduction in TDS and COD. The current study evaluates the efficiency of MEE 
in terms of removal of total dissolved solids and chemical oxygen demand. Removal efficiencies are 
more than 98% for TDS and 50% for COD. 

INTRODUCTION

Evaporation is understood as vaporization of liquid or 
solvent from a solution. The objective of evaporation is 
to concentrate solution. Evaporators are equipment used 
for evaporation which is kind of heat transfer systems in 
which transfer mechanism is controlled by natural or forced 
convection. The process of evaporation includes feeding of 
solution and heating with a heat source like steam leading 
to the conversion of water in the solution to vapour which 
is condensed while the solution that got concentrated is 
removed for further processing. 

Use of single evaporator is called single effect evaporator 
system while the use of more than one evaporator is termed 
as the multiple-effect evaporator system (Hanamapure et al. 
2016). Addition of each effect increases the steam economy 
of the system. Evaporation is the most energy-intensive 
process in an industrial operation, hence, many researchers 
have focussed on the processes to shrink consumption of 
energy to make the process cost-effective. Operating strate-
gies employed include compression and bleeding of vapour, 
feed, condensate and product flashing, and feed and steam 
splitting.

Evaporators, precisely multi-effect evaporators, have 
become an integral part of many processes in wide industries 
including sugar, paper and pulp, dairy, desalination, food 

processing and pharmaceuticals, etc. (Shah & Bhagchandanc 
2012, Sarma & Barma 2010, Kumar et al. 2013, Kumar et al. 
2010, Zain & Kumar 1996, Danish & Sachin Pratap 2014, 
Bhargava et al. 2008). Multi-effect evaporators yield high 
value of the coefficient of performance in comparison to 
a single effect evaporator system. Fluctuations in load are 
controlled easily by controlling individual evaporator. Fur-
ther, lesser space and initial cost are additional advantages 
of single compressor multi-evaporator systems.

Multi-effect evaporators in many industries are used 
for volume reduction and cutting down of waste handling 
cost (Bhargava et al. 2008). In distillery units, spent wash 
is subjected to volume reduction through multi-effect evap-
orator or reverse osmosis (Apte 2012). Black liquor is one 
of the voluminous and critical pollutant streams from paper 
and pulp industry processes which contains solids between 
12 to 20%. The concentration of this stream to nearly 50% 
is carried out in multi-effect evaporator using low-pressure 
steam, where vapour from one evaporator is supplied as steam 
for the next evaporator resulting in a high steam economy 
(Deepak Kumar et al. 2010).

Application of evaporation in the pharmaceutical industry 
is two-fold. First, in the manufacturing process, evaporation 
is used to eliminate excess moisture from pharmaceutical 
products which improves the stability of the product enabling 
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its easy handling. Further, evaporation aids in preserving 
long-term activity and stabilization of enzymes. Second, 
evaporation of wastewaters from the manufacturing process 
of the pharmaceutical industry is carried out using multi-ef-
fect evaporators which will reduce the volume and separate 
solvents from the effluents. 99% reduction in total dissolved 
solids and 90% reduction in total organic carbon for various 
industrial wastewaters was achieved upon treatment with 
multi-effect evaporator. Highest removal of total organic 
carbon was seen in pharmaceutical wastewaters.

Leakages and scales are common problems associated 
with evaporators, overcoming these problems will result 
in enhancing the efficiency of multi-effect evaporators as 
reported by Salakki et al. (2014). Their evaluation presented 
91.5% and 96% exclusion of chemical oxygen demand and 
total dissolved solids respectively. Further, the pharma-
ceutical industry has adopted multiple-effect (falling and 
forced circulation) evaporator towards achieving zero liquid 
discharge (Gupta et al. 2018). Studies on bulk drug industry 
showed that effluent treatment is carried out by multi-effect 
evaporators for waste streams containing high total dissolved 
solids followed by biological treatment (Vuppala et al. 2012). 
98% reduction in COD and TDS was reported by Salakki 
et al. 2014 when pharmaceutical effluent was treated in the 
multi-effect evaporator.

This paper focusses on studying the efficiency of mul-
ti-effect evaporators in the pharmaceutical industry for 
the treatment of high total dissolved solids (HTDS) waste 
streams. Competence of the treatment process is presented 
in terms of reduction in TDS and COD. 

MATERIALS AND METHODS

Flowchart of methodology for the treatment system for mul-
tiple-effect evaporation to remove dissolved solids from the 
pharmaceutical industry is shown in Fig. 1.

Study Area

The present study has been carried out at MSN Laboratories 
Private Limited, a research-based pharmaceutical company 
in Hyderabad, Andhra Pradesh, India.

Sample Collection

Water samples from MEE feed condensate and concentrate 
were collected every day with a temporal frequency of 
morning, afternoon and evening, and the composite sample 
was made from the three samples. Samples were collected in 
sterile plastic containers and transferred instantly to the labo-
ratory in the premises of the industry. The analysis was taken 
up immediately and completed within 48 hours. Samples 
were stored at 4°C for analysis during the following days. 

Physico-Chemical Analysis

Total of 24 physico-chemical parameters was analysed as 
per the standards methods (APHA 2012). All the parameters 
were analysed in triplicate to avoid errors.

RESULTS 

Table 1 presents the treatment of process effluents using 
Multiple Evaporators represents focussing on three param-
eters pH, TDS and COD. Table 1 presents the ten-month 
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data of MEE treatment with details of feed, condensate and 
concentrates for the year 2018. 

pH trend for MEE feed was found to be lowest and high-
est during January and August, i.e. 6.69 and 7.20. Lowest and 
highest values for TDS were 32867.74 mg/L and 41605.00 
mg/L during January and June. Further, the lowest and high-
est values for COD were observed to be 47200.00 mg/L and 
56506.67 mg/L in January and October.

With reference to MEE condensate pH trend was ob-
served to be lowest (7.83) during January and highest of 
8.55 in September. Lowest and highest values for TDS 
were 373.23 mg/L and 506.00 mg/L during January and 
October. Further, the lowest and highest values for COD 
were observed to be 19483.87mg/L and 23973.33mg/L in 
January and October.

pH variations for MEE concentrate were noted as 5.75 
being lowest and 6.00 being highest reported during January 
and April respectively. Similarly, the lowest and highest 
values for TDS were recorded to be 191390.32 mg/L and 
205580.00 mg/L in January and September. Regarding 
COD, 139933.55 mg/L and 172960.00 mg/L were the least 
and highest values obtained during January and October 
respectively.

Table 2 presents the percentage reduction in TDS and 
COD during the study after treatment with multiple effect 
evaporators. Maximum average percentage reduction of TDS 
was observed to be 98.77% and COD of 58.26%.

DISCUSSION

Term multi-effect evaporators originate from multiple ef-

Table 2: TDS and COD removal in percentage (%). 

 Months TDS COD

January 98.86 58.72

February 98.75 58.01

March 98.87 58.88

April 98.91 58.38

May 98.87 58.73

June 98.89 59.08

July 98.76 58.20

August 98.70 57.70

September 98.59 57.33

October 98.52 57.57

November - -

December - -

Avg (%) 98.77 58.26

Table 1: Treatment of process effluents using Multiple Effect Evaporators (MEE).

Months
          Stripper / MEE Feed           MEE Condensate   MEE Concentrate/Atfd Feed

pH TDS (mg/L) COD (mg/L) pH TDS (mg/L) COD (mg/L) pH TDS (mg/L) COD (mg/L)

January 6.69 32867.74 47200.00 7.83 373.23 19483.87 5.75 191390.32 139933.55

February 7.03 33532.14 53142.86 8.18 420.71 22314.29 5.83 204089.29 145314.29

March 6.99 35393.55 50829.03 8.24 400.97 20903.23 5.88 197154.84 151696.77

April 7.03 38604.33 53306.67 8.23 422.00 22186.67 6.00 206376.67 159906.67

May 7.00 36743.33 51600.00 8.46 417.00 21293.33 5.90 203676.67 154293.33

June 6.77 41605.00 53013.33 7.99 461.67 21693.33 5.60 200906.67 164880.00

July 7.06 37219.35 54890.32 8.40 462.58 22941.94 5.63 202600.00 166916.13

August 7.20 35125.81 52670.97 8.34 455.16 22277.42 5.88 200680.65 165845.16

September 7.14 34580.00 54026.67 8.55 488.33 23053.33 5.83 205580.00 172746.67

October 7.08 34240.00 56506.67 8.50 506.00 23973.33 5.90 202833.33 172960.00
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fective use of energy in performing the task of evaporation. 
Under this configuration, condensation of live steam takes 
in the first effect evaporator only, vapours produced are 
sent to condense in the next or second effect evaporator for 
further evaporation. This process is repeated until the last 
evaporator is reached where condensation of the produced 
vapours takes place in a condenser equipped with cooling 
water (Bremford & Muller-Steinhagen 1994, Konopa 1997). 
Foremost mention of the multiple-effect evaporator (MEE) 
was dated during 1840, regarding one of the oldest and widely 
adopted desalination process in the world (Al-Mutaz 2015). 

Adopted widely for seawater desalination (El-Dessouky 
et al. 1999), MEE, with its applications, has also become an 
integral part of many industrial processes including dairy, 
petrochemicals, pulp and paper and food processing. Among 
others, one of the advantages of MEE is the reduction in the 
cost of handling waste by reducing the volume of the waste 
(Bhargava et al. 2008). Many workers have studied mathe-
matical and nonlinear mathematical modelling approaches 
for MEE (El-Dessouky and Ettouney, 2002, Yılmaz & Söyle-
mez 2012, Gautami & Khanam 2012, Druetta et al. 2013, 
El-Dessouky et al. 2000, Ettouney 2006) with regard to en-
ergy efficiency. EI-Dessouky et al. (2000), presented various 
models for MEE systems design for seawater desalination. 
However, the point to be noted is that these works were only 
regarding seawater desalination. Hence, it is understood that 
these studies have not made any consideration regarding the 
treatment of various industrial effluents to reduce the volume 
and other applications.

Treatment of pharmaceutical effluents using MEE in 
the present study has resulted in a significant reduction in 
total dissolved solids (99%) and chemical oxygen demand 
(88.32%). The study carried out by Srikanth et al. (2012) in 
a bulk drug industry reported that wastewater streams having 
HTDS were treated using MEE, where these wastewaters 
were initially sent through a steam stripper which was fol-
lowed by MEE and then to agitated thin film drier (AFTD). 
The similar process has been adopted in the treatment of 
wastewaters in the present study. Chow et al. (2001) reported 
lesser steam requirement (3655 kg) for treating 25KL effluent 
in MEE after a detailed study on the operating conditions in 
treating pharmaceutical industry wastewaters. When waste-
water with high TDS was treated in MEE, 99% recovery of 
water was stated by Matkar et al. (2017). The input quantity 
was 30 KLD while 27 KLD was recovered. 

Salakki et al. (2014) evaluated the performance of MEE 
for treatment of pharmaceutical industry and stated that 
they obtained 91.5% reduction in chemical oxygen demand, 
while the reduction in total dissolved solids was 96%. Apte 
& Hivarekar (2014) have quoted technique of multi-effect 

evaporation to be an efficient alternative towards achieving 
volume reduction of up to 75% while studying the treatment 
options for distilleries. Further, they stated that if the con-
densate can be treated properly, it can be utilized as a source 
of raw water. Reduction of COD from 2000 mg/L to 60-240 
mg/L was obtained when textile wastewaters were prone to 
treatment with evaporation followed by reverse osmosis.

From the above discussion of the previous studies regard-
ing efficiency of MEE treatment, this process is considered 
to be highly attractive for its design and operating features 
making it both competitive and applicable for several indus-
tries and processes. Features that make MEE competitive as 
per the previous and present study are:

 1. Process configuration of MEE permits simple alterations 
for routing and distributing wastewater streams among 
the effects of the system (El-Dessouky et al. 1998, 
El-Dessouky et al. 2000).

 2. Capital investment of MEE is considered to be low in 
comparison to other processes owing to its lesser number 
of effects, partition walls and tube connections (Morin 
1993, Wade 1993, Hamed et al. 2004, El-Dessouky et 
al. 2000).  

 3. Operation load stability of MEE is observed over a range 
of 30% to 120% of its design capacity (El-Dessouky et 
al. 1995, Darwish et al. 1996, Fritzmann et al. 2007, 
Greenlee et al. 2009, Al-Bastaki et al. 1999). This feature 
is attributed to less feed to product ratio permitting larger 
variation in the operating conditions of the system. 

Rukade & Bhosale (2014) opined that if MEE and RO 
were to be incorporated in the treatment design as alterna-
tives for the technology of volume reduction primarily, then 
such systems may be promising and provide a benchmark 
database reducing costs and area requirements. Further, 
these may add to the notion of zero discharge. Previous 
studies stated that one of the major aspects of zero liquid 
discharge plant is having multiple-effect evaporator as one 
of the treatment options which can save 50% of water per 
day, which is a large amount that can be utilized for other 
purposes (Hareesh 2017). 

CONCLUSIONS

Results of physico-chemical characteristics of pharmaceuti-
cal wastewaters reveal thorough or higher degree treatment of 
high total dissolved solids stream which initially starts with 
feeding this stream to multiple-effect evaporator. The study 
on the efficiency of MEE is evaluated in terms of removal of 
total dissolved solids and chemical oxygen demand. Removal 
efficiencies are as follows:
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	·	Reduction in total dissolved solids was more than 98 % 
during the entire study period, the maximum average 
percentage reduction of TDS was observed to be 98.77 
%.

	·	Reduction in chemical oxygen demand was above 50 % 
during the study period, maximum average percentage 
reduction of COD was observed to be 58.26 %.
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