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Abstract 

The increasing pace of urbanization, coupled with growing 

environmental concerns, necessitates the adoption of 

sustainable energy practices in the building and 

construction sector. Integrating Renewable Energy 

Systems (RES) into the design and construction phases of 

buildings has emerged as a crucial strategy to mitigate 

greenhouse gas emissions, reduce energy dependency on 

non-renewable sources and achieve long-term operational 

cost savings (IEA, 2022). This paper explores the 

integration of RES technologies in the context of urban 

construction in Lucknow, India—a Tier-2 city witnessing 

significant infrastructure growth under initiatives such as 

the Smart City Mission (MoHUA, 2021). By examining 

specific projects and analyzing their energy frameworks, 

the study provides a comprehensive understanding of the 

role and impact of RES in contemporary urban 

architecture.  
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1. Introduction 
Renewable energy systems in buildings primarily 

encompass technologies such as solar photovoltaic (PV) 
panels, solar thermal systems, wind energy turbines, 
geothermal heating and cooling and hybrid systems 

(MNRE, 2023). These technologies, when integrated 
thoughtfully within the architectural and structural 

framework, offer substantial energy savings while 
enhancing the overall sustainability quotient of the built 

environment. In India, several regulatory instruments such 
as the Energy Conservation Building Code (ECBC), the 
National Solar Mission and the guidelines issued by the 

Ministry of New and Renewable Energy (MNRE, 2023) 
encourage the use of RES in buildings. However, their 
practical implementation varies across regions depending 

on climatic, economic and policy factors. Medium-sized 
cities like Lucknow often remain underrepresented in 

national-level studies, despite being important growth 
hubs with the potential for scalable green innovations. 

 

2. Literature Review 
Renewable energy systems in buildings primarily 
encompass technologies such as solar photovoltaic (PV) 

panels, solar thermal systems, wind energy turbines, 
geothermal heating and cooling and hybrid systems 
(MNRE, 2023). These technologies, when integrated 

thoughtfully within the architectural and structural 
framework, offer substantial energy savings while 

enhancing the overall sustainability quotient of the built 
environment. The integration of renewable energy systems 
(RES) into building design has become increasingly vital 

as the construction industry seeks to meet global 
sustainability targets and reduce dependency on fossil 
fuels. Over the past two decades, numerous studies have 

explored the technical, economic, environmental and 
social implications of incorporating RES in buildings, 

especially in urban settings. 

 

2.1 Global Perspectives on Renewable Integration 

The building sector is responsible for 28% of all energy-
related CO₂ emissions and around 30% of global final 
energy consumption, according to the International Energy 
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Agency (IEA, 2022). Global policy frameworks like the 
Paris Agreement and the Sustainable Development Goals 

(SDGs) of the UN have responded to these numbers by 
stressing the necessity of implementing renewable energy 
in building practices. According to Chwieduk (2003) [3] 

and Zhao et al. (2011) [14], buildings should be able to 
produce clean energy using technologies like integrated 

wind turbines, solar thermal systems and photovoltaic 
(PV) panels in addition to being energy-efficient. 

 

2.2. Designing with Renewable Energy Technologies 
Solar PV systems, which directly convert solar radiation 
into energy and solar thermal systems, which provide hot 

water and space heating, are only two examples of the 
many technologies that have been effectively used in 

buildings (Kalogirou, 2004) [6]. Although they are more 
prevalent in open rural settings, wind turbines have been 
modified for rooftop use in cities to support hybrid energy 

systems (Bahaj et al., 2007) [2]. Additionally, in colder 
climates, geothermal heat pumps and biomass-based 
heating systems are becoming more popular (Lund, 

Freeston, & Boyd, 2011). Due to their dual roles as energy 
generators and building envelope materials, Building-

Integrated Photovoltaics (BIPV) have attracted interest 
(Peng, Lu, & Yang, 2013) [10]. To guarantee effectiveness 
and financial feasibility, the integration of these 

technologies necessitates meticulous architectural 
planning and energy simulations. 

 

2.3. Frameworks for Regulation and Policy 
Green building methods are encouraged by national 
regulatory frameworks like the Leadership in Energy and 

Environmental Design (LEED) accreditation in the US and 
the Energy Conservation Building Code (ECBC) in India. 

The Ministry of New and Renewable Energy (MNRE, 
2023) in India has also started building-integrated system 
subsidies and rooftop solar schemes. Sharma et al. (2018) 
[12] contend, however, that local enforcement and 
compliance are still lacking in spite of these laws, 
especially in Tier-2 and Tier-3 cities. 

 

2.4. Return on Investment and Economic Viability 

RES adoption has generally been hampered by the high 
upfront costs associated with installation. However, 
research by IRENA (2021) and IEA (2022) indicates that 

the cost-benefit ratio has improved dramatically due to 
advantageous financing models and falling costs for solar 
PV modules. According to reports, rooftop PV in 

residential buildings in India can pay for itself in five to 
seven years, depending on the size of the system and the 
electricity rates (TERI, 2020). Additionally, by returning 

excess energy to the grid, net metering regulations have 
facilitated building owners' ability to recoup their 

investments. 

 

3. Methodology 

The present study adopts a mixed-method approach 
comprising on-site project evaluations, stakeholder 
interviews and energy modeling analyses using tools like 

RETScreen and HOMER (Natural Resources Canada, 
2021). Five major construction projects in Lucknow were 

selected for this research based on their scale, typology and 

integration of renewable systems. These include the Gomti 
Nagar Extension smart housing initiative, the Medanta 

Super-specialty Hospital campus, the Lulu Mall 
commercial complex and residential developments in 
Sushant Golf City. Each project was assessed for its 

renewable energy components, performance metrics, 
design strategies and alignment with sustainability goals. 

 

4. Case Studies from Lucknow 
The present study adopts a mixed-method approach 

comprising on-site project evaluations, stakeholder 
interviews and energy modeling analyses using tools like 
RETScreen and HOMER. Five major construction projects 

in Lucknow were selected for this research based on their 
scale, typology and integration of renewable systems. 

These include the Gomti Nagar Extension smart housing 
initiative, the Medanta Super-specialty Hospital campus, 
the Lulu Mall commercial complex and residential 

developments in Sushant Golf City. Each project was 
assessed for its renewable energy components, 
performance metrics, design strategies and alignment with 

sustainability goals. For instance, the Gomti Nagar 
Extension project incorporates solar rooftop panels and 

passive design features, leading to energy savings of 
approximately 30% over conventional designs. Similarly, 
the Medanta Hospital uses a combination of solar thermal 

systems for hot water supply and solar PV for partial power 
needs, resulting in reduced grid dependency and 
operational costs. 

 
The Lulu Mall complex showcases a novel application of 
solar carports in its parking area, complemented by a 

centralized Building Management System (BMS) that 
optimizes energy consumption across HVAC, lighting and 

escalator systems. In the residential sector, Sushant Golf 
City presents an example of net-zero energy housing, with 
prototype villas using hybrid solar-wind systems, energy-

efficient AAC blocks and double-glazed fenestration to 
minimize energy loads. These projects reflect an 
encouraging trend towards environmentally conscious 

construction, although several barriers persist. Key 
challenges identified include high capital costs, limited 

technical expertise, delayed regulatory approvals and lack 
of standardized performance benchmarks. Nonetheless, 
the return on investment (ROI) for most systems was found 

to be within 4 to 7 years, which is attractive given the 
lifespan of typical buildings. 
From a policy and governance perspective, the study 

highlights the need for stricter enforcement of ECBC 
norms, especially in municipal and institutional projects. 
Additionally, there is a pressing requirement to develop 

skilled human resources in the domain of RES design, 
installation and maintenance. Financial mechanisms such 

as subsidies, soft loans and tax incentives can significantly 
accelerate residential adoption of renewable systems. 
Stakeholder feedback from architects, engineers and 

developers in Lucknow indicates a growing awareness of 
the long-term benefits of RES, though financial constraints 
remain a key deterrent in the private housing segment. 

 
The Gomti Nagar Extension project incorporates solar 

rooftop panels and passive design features, leading to 
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energy savings of approximately 30% over conventional 
designs. Similarly, the Medanta Hospital uses a 

combination of solar thermal systems for hot water supply 

and solar PV for partial power needs, resulting in reduced 
grid dependency and operational costs. 

 
Table 1: Summary of RES Integration in Selected Lucknow Projects 

Project Name Type of Building Res Technology Used Key Benefits Estimated Energy Savings (%) 

Gomti Nagar Extension Residential Solar PV, Passive Design Reduced grid reliance, thermal comfort 30% 

Medanta Hospital Institutional Solar Thermal, Solar PV Hot water and power supply 35% 

Lulu Mall Complex Commercial Solar Carport, BMS Peak load reduction, energy optimization 25% 

Sushant Golf City Villas Residential Hybrid Solar-Wind Net-zero energy, high insulation 40% 

 

5. Results and Discussion 
From a policy and governance perspective, the study 

highlights the need for stricter enforcement of ECBC 
norms, especially in municipal and institutional projects. 

Additionally, there is a pressing requirement to develop 
skilled human resources in the domain of RES design, 
installation and maintenance (TERI, 2021). Financial 

mechanisms such as subsidies, soft loans and tax 
incentives can significantly accelerate residential adoption 

of renewable systems (IREDA, 2023). Stakeholder 
feedback from architects, engineers and developers in 

Lucknow indicates a growing awareness of the long-term 
benefits of RES, though financial constraints remain a key 
deterrent in the private housing segment. 

 
Table 2: Cost-Benefit Analysis of RES Systems 

RES Technology Initial Cost (INR/sq.m) Payback Period (Years) Lifetime Savings (20 years, INR) Maintenance Requirement 

Solar PV 2,500 – 3,000 5 – 6 1,20,000 – 1,50,000 Low 

Solar Thermal 1,800 – 2,200 3 – 5 80,000 – 1,00,000 Low 

Wind Turbines 4,000 – 5,000 7 – 9 1,50,000 – 2,00,000 Medium 

Hybrid Systems 5,500 – 6,500 6 – 8 2,00,000 – 2,50,000 Medium 

 

6. Policy Implications and Recommendations 
Further research should focus on developing region-
specific RES integration models and expanding the scope 

of green construction through public-private partnerships 
and academic-industry collaborations. 

 

7. Conclusion 
In conclusion, integrating renewable energy systems in 

urban building projects presents a viable pathway to 
achieving energy efficiency and environmental 
sustainability. The case of Lucknow demonstrates that 

with appropriate policy support, technical know-how and 
stakeholder collaboration, mid-sized cities can lead India’s 
transition to a greener built environment. 
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