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ABSTRACT  

The accelerated urbanization in developing countries in the later part of twentieth century 

has placed resource constraints in the already urban areas and has also enhanced the 

environmental degradation process. The municipal authorities in urban areas have to make 

provision for the additional water requirement and also have to tackle the issues associated with 

the increasing amount of wastewater. These issues are considered as basis to decide the 

objectives of the work reported in the present thesis. 

A medium sized city Rohtak (28.8955° N, 76.6066° E) located in the northern part of 

India is considered to analyse its population growth and to determine the impact of growing 

population on water supply and wastewater generation. Baseline scenario for the existing 

population and water situation, future projection and modified policy option scenarios for 

sustainable development of water resources in conformity with growing population are devised 

and studied. The baseline and modified scenarios are developed with the help of a System 

Dynamic (SD) model and projections for the various policy option scenarios are made for 25 

year time span starting from the year 2016. The modified policy scenarios proposed for 

curtailing the water demand and reducing the wastewater generation include population 

stabilization, grey water reuse, treated water reuse, water pricing and combination of these 

scenarios.  

The study has been continued to analyse the performance and environmental aspects of 

the existing wastewater treatment systems of the city. Environmental together with the energy 

analysis of different wastewater treatment plants is carried out. The parameters selected for the 

analysis are effluent water quality, land requirement for the plants, overall energy consumption 

and greenhouse gas (GHG) emissions. The wastewater treatment process is an energy intensive 

sector. For sustainability of the water cycle, especially for the decentralized application, 

renewable energy would be needed. The design parameters of a solar PV system are therefore, 

worked out to meet the energy demand of a wastewater treatment plant. The PVSyst software is 

used for simulating the solar power system and working out the cost, associated carbon dioxide 

reduction, carbon credits earned using the system and also estimated the payback period. 

Population of Rohtak city was 446,164 in the year 2011 as per the census of India. It is 

predicted to reach 837,180 by the year 2041 for the baseline scenario, where the growth data is 
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taken from the census report. The population of Rohtak city is projected to increase by 69 % 

(taking 2016 as baseline year) by the year 2041, which will result in an increase of water 

consumption from 80.43 MLD in 2016 to 135.89 MLD in 2041. In the same period the 

wastewater is projected to reach 106.5 MLD in 2041 under baseline scenario. Five scenarios are 

devised related to population stabilization and designated as PS-I to PS-V. The population of city 

is stabilized around a value of 690,000 if the steps proposed in PS-V are taken into account. The 

scenarios developed related to the grey water reuse showed a decrease in water consumption 

pattern by 22 % and 27 % in GR-I and GR-II respectively. The water supply in modified 

scenarios (treated water reuse), TW-I and TW-II will reduce to 102.9 MLD (24%) and 82.9 

MLD (39%), respectively, from the baseline water supply projection of 135.89 MLD. A 

reduction of 40% and 56 % in water demand is seen for the combined scenario, CS-I and CS-II 

respectively. Scenarios related to water pricing shows that increasing water tariff could be an 

effective tool  for discouraging wastage of water and enhancing sustainability of water resources. 

The new water tariff will reduce the water consumption by 45 % (310 kl/family/year from 560 

kl/family/year) for high water consumption scenario i.e. WP-I. A decrease in water consumption 

pattern by 34 % (269 kl/family/year) and 13 % (226 kl/ family/year) is seen under WP-II and 

WP-III respectively from the baseline consumption of 406 kl/family/year and 261 kl/family/year. 

Results of the modified policy scenarios show that the combined strategies and water pricing will 

be effective for sustainable management of water resources in conformity with the growing 

population. 

The environmental and energy analysis of three full scale wastewater treatment 

technologies upflow anaerobic sludge blanket (UASB), moving bed biofilm reactor (MBBR) and 

sequential batch reactor (SBR) is carried out. Out of the three STPs the highest percentage 

removal of BOD, COD and TSS is achieved in SBR, i.e. 97 %, 95 % and 85 % respectively 

followed by MBBR and UASB. In terms of land requirement, the least area is required by SBR, 

i.e. 2038 m2, followed by MBBR (4375 m
2
) and UASB (16368 m

2
) respectively. Total energy 

consumption in wastewater treatment plant is evaluated from the manual, electrical, mechanical 

and chemical energy usage. The total energy consumption in UASB uses the least energy 

(0.0083 kWh/ m
3
), followed by SBR (0.19 kWh/ m

3
) and MBBR (0.26 kWh/m

3
). CO2 equivalent 

emissions from wastewater treatment process and electricity usage at plants are also estimated. 

The highest total emissions are from MBBR, i.e. 658 tCO2e/year and lowest is from UASB i.e. 
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251 tCO2e/year. SBR generates 604 tCO2e/year. However UASB would generate highest CH4 

emission if CH4 gas is not recovered or flared i.e. 2257 tCO2e/year and for this amount, CH4 

accumulation in the atmosphere is 1095 tons/year. 

As mentioned earlier, a grid tied solar PV system is designed to meet the electricity 

demand of a wastewater treatment plant based on SBR technology. The capacity of PV system is 

estimated to be 950kW. The yearly production of electricity form solar PV system comes out to 

be 1630 MWh/year. Out of this 644.3 MWh is utilized by WWTP during day time and the 

remaining 985.7 MWh is supplied to grid. The electricity imported from grid during night time 

in a year is 860.5 MWh. The cost estimation of plant is approximately Rupees 7.11 crore or 71.1 

million including operation and maintenance for 25 years. Nearly 31780.6 tons CO2 is saved by 

the system in 25 years. Pay-back period comes out to be 5.2 years. This study will go a long way 

in decision making to take managerial steps for stabilizing the population growth and managing 

the urban environmental degradation with special reference to wastewater. The study is relevant 

to choose management options for sustainable urban development in harmony with nature. 
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