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Executive summary

In India, it is seen that every year there is an increase of 20-30% in energy requirement in the residential sector and 8-10% increase in commercial sector; leading to a situation where there are both, energy as well as peak deficits. In case of Gujarat, as per CEA data, during April 2005 – January 2006 period; there was energy deficit of 12.6% and peak deficit of 30.2%.  Taking these facts in to account, it became obvious to the Government of Gujarat that this trend is not sustainable in the long run. It felt that measures such as reducing energy demands and switching from fossil fuel to renewable energy technologies in its cities would go a long way in addressing these concerns. 


As has been the case with the wide-scale introduction of renewable energy technologies for a variety of applications in the country; once again the Government of Gujarat took the bold initiative to develop the state capital Gandhinagar as a solar city. The Gujarat Energy Development Agency (GEDA) had been given the mandate to prepare and implement the plan to achieve this objective. In essence, the Solar City programme strives to integrate: 

· Energy conservation measures to reduce the energy demand, and

· Utilization of locally available resources such as solar and other renewable energy resources to meet these reduced energy demands 

This Integrated Development Plan (IDP) for Solar City is a dynamic document meant to change with time, experience, and need.  The development of IDP has benefited from the active participation of GEDA, Public Works Department, Gandhinagar Notified Area Authority, Municipal Water Supply Department, Forest Department, Gandhinagar Circle; Torrent Power Ltd.; private businesses; and other agencies with energy-related responsibilities.


The whole exercise of developing an Integrated Development Plan for making Gandhinagar a solar city has been a collaborative endeavour along with all the major stakeholders in the city. Developing the city as a solar city requires an integrated urban planning approach, which simultaneously involves reducing reliance on fossil fuels by the application of energy conservation and efficiency measures and by replacing/complementing the conventional energy generation with the renewable energy. As decided in the beginning, this exercise did not include the industrial and transportation sectors. The key components of the study comprised (a) base line determination, (b) energy planning, and (c) developing an Action Plan.


The Action Plan has been developed on the basis of different energy saving and renewable energy options, along with those technological options that are feasible in long term only. 


Action plan

Based on the analysis of potential for demand side measures along with that of supply side augmentation through renewable energy technologies, the following targets are proposed for Gandhinagar in order to develop it as a “Solar City”.  These targets are based on the detailed energy audits in Gandhinagar and renewable resource potential assessment.

Table E1  Targets for energy conservation generation  and green house gas emission reduction

	Description
	Target

	
	Short Term

(till 2008)
	Medium Term

(till 2010)
	Long Term

(till 2012)

	1. Energy conservation
	Reduction in present energy consumption

	1.1 Residential sector
	30%
	35%
	40%

	1.2 Commercial sector
	15%
	20%
	25%

	1.3 Municipal sector (Water pumping and street lighting)
	15%
	15%
	15%

	2. Coverage of solar water heating systems (as a proportion of total heating demand in residential and commercial sectors) 
	50%
	75%
	90%

	3. Renewable energy based electricity generation
	5.16 MW
	20.1 MW
	47 MW

	GHG emission reduction (tCO2)
	72080
	144640
	237944


The short-term targets for energy conservation are based on the energy conservation options identified in the energy audit. To achieve the medium and long-term targets the key implementation points of the proposed Integrated Development Plan to make Gandhinagar a Solar City are summarized below:

Implementation plan

· A “Solar City Cell” may be established within an appropriate government department. 

· For implementation of Solar City project, the following two empowered committees may be set up to provide overall guidance:

· A state-level Committee under the chairmanship of the Chief Secretary and

· A district- level Committee under the chairmanship of the District Collector, Gandhinagar

· The Solar City Cell may take advantage of the grant-in-aid (for energy consultancy as well as incremental cost of building construction for a few buildings) being provided by Bureau of Energy Efficiency (BEE) to design a few pilot energy efficient buildings in the city, in accordance with Energy Conservation Building Code (ECBC). The possibility of availing incentives provided by the central government for solar passive buildings may also be availed. 

· The Solar City Cell may work closely with the state government and the Gandhinagar Notified Area Authority:

· To get ECBC notified immediately

· To ensure that the building bye-laws are changed in accordance with it

· To ensure that all upcoming non-residential buildings are brought under the ambit of ECBC and incorporate the relevant green buildings elements.

· The state government may mandate Torrent Power Ltd. to distribute the quality CFLs to its consumers at concessional prices or on easy payment terms. 



For instance, in Delhi, BSES is promoting CFLs through “Buy One Get 1 Free CFL Offer”. There is no restriction on the number of CFL bulbs a customer can buy.

· GEDA may initiate a dialogue with the Gujarat Electricity Regulatory Authority for introducing rebate on electricity tariff for the domestic consumers, which employ solar devices.

· To begin with, the energy conservation measures in the municipal services may be taken up immediately.

· At least 50% of the energy needed for water heating in the residential and commercial buildings may be required to come from solar energy, by 2008.

· GEDA may initiate DPR preparation for (i) 5 MW biomass based power plant and (ii) 150 kW power plant based on municipal solid waste (mainly vegetable waste).

· Utilizing central government schemes, GEDA/ Gandhinagar Notified Area Authority may initiate installation of solar based LED traffic lights, solar street lights, building integrated solar PV, and other relevant solar products on a priority basis.

· GEDA may mount a focused and sustained campaign on “Solar City” covering all media resources - including print, radio, and television. 

· In order to showcase Gandhinagar City as a Solar City, The following may be taken up on priority.

· Urja Park: Energy – cum –Science Park may be established in a central location in Gandhinagar as an inviting place for social gatherings and to provide public education about issues of sustainable energy in a friendly, non-technical atmosphere.

· Urja Bhawan: GEDA office and Solar City Cell may be housed in a new building, constructed in accordance with ECBC and other efficient/green building concepts.  The Urja Bhawan may also have Building Integrated Solar PV as well as Solar based space conditioning system.  

· The following projects may be taken up through public-private partnership: 

· Setting up solar powered, LED Display Boards at the strategic locations in the City. These boards would not only display the fact that Gandhinagar is a `Solar City’ but also display pollution levels, temperatures updates, and messages useful to general public.

· Provision of solar powered lights and fountains in the prominent public gardens and parks in the city (such as Prakruti Udyan, Sarita Udyan, Puneet Van, Rose Garden, and Sector 28 Park), thereby spreading the Solar City message.

· Prominent office complexes like the Sachivalayas and Udyog Bhavan may also have solar powered displays as well as battery operated vehicles for intra-complex transportation.

· GEDA along with Torrent Power Ltd. may begin engaging the public through sustained awareness campaigns about the benefits of energy conservation and renewable energy; including local elected representatives and school children.


In Delhi, BSES has been educating its consumers about the need to conserve power though Synergy – its bi-monthly, bi-lingual newsletter, newspaper inserts, and pamphlets distributed at melas from time to time.


Likewise, NDPL has launched Energy Conservation campaign in Schools.

· GEDA may start organizing a series of training programme on `Green buildings’ for the planners; architects; electrical, HVAC, and lighting consultants; and engineers involved in the building sector. 

· GEDA, in close cooperation with the BEE, may initiate creation of accredited certifiers who can then be engaged by the house owners/builders/developers for obtaining the energy conservation compliance certificates.

· GEDA may initiate public-private partnership (e.g. working closely with the associations of the local traders and manufacturers) to propagate energy efficient appliances, which include ’Energy Star’ appliances.

· Under Solar City endeavour, one of the key action points could be to replace traffic signals having incandescent lamps with those with energy saving LEDs, along with solar controllers. Similarly, CFL based streetlights; lights in the parks, gardens, and roundabouts may be replaced with solar lights.  

· To encourage adoption of energy conservation, energy efficient equipment/appliances, as well as renewable energy systems; GEDA may introduce specific, time-bound financial incentives for Gandhinagar.

· Towards this, the route of Energy Services Company (ESCOs) may also be explored.

· GEDA may assist Gandhinagar Notified Area Authority, PWD, and other concerned departments in accessing capital for energy conservation and efficiency projects at favourable terms. For this purpose, State Energy Conservation Fund, as prescribed by EC Act 2001, may be accessed.


Capacity building and awareness generation 

· In order to inculcate energy conservation techniques in the common architecture. It is essential that all the practitioners are properly trained in energy-efficient or “Green” architecture. GEDA may, therefore, organize a series of training programme for the planners; architects; electrical, HVAC, and lighting consultants; and engineers involved in the building sector, These courses, tailor-made to suit different levels, would have to be imparted to all the professionals, in public as well as in private sector – on a regular basis.

· Suitable training modules, including the regular updates, may have to be developed and delivered for (a) accreditation of professionals for building certification and (b) for the quality improvement of the accredited certifiers.

· Of particular importance is the training for front-line workers and technicians regarding energy conservation and efficiency, this would not only ensure successful implementation of such measures but also their sustainability and replication.

· Specific training programmes are required for those in the supervisory role, for effective monitoring of energy demand, enabling them to take preventive/corrective actions in time.

· The public awareness and education being central to successful changeover to solar city, it is imperative for GEDA to engage the public through sustained awareness campaigns and communicate the benefits of energy conservation and renewable energy to different user-groups; including local elected representatives.

· GEDA may mount a focused and sustained campaign on “Solar City” and its features encompassing all media resources - including print, radio, and television. Apart from specific recommendations, such campaigns must inform public about the places from energy efficient/renewable energy devices and services can be procured.

· A key component of the awareness creation campaign would be to capture school children’s attention towards energy-efficiency and clean future. Thus, the campaign for the school children will include the following elements:

· Inter-school essay and drawing competitions

· Inter-school quizzes

· Workshops and seminars

· Exhibitions and demonstrations

· Field trips

· GEDA may involve Torrent Power Limited to mount a public campaign on energy conservation utilizing the regular communication that Torrent sends to its consumers e.g. monthly electricity bills.

chapter 1 Introduction

Climate change and fossil fuel depletion are the two major concerns of the current millennium that threaten our ability to survive on this planet.  The fundamental problems pertain to an excessive dependence on fossil fuels to meet increasingly, energy-intensive life styles. There is a large difference in ‘energy consumption’ between the urban and rural area. Indeed, the urbanization coupled with the rising income levels leads to higher energy requirements. It has been observed that the household energy accounts for about half of India's total energy consumption. It is seen that every year there is an increase of 20-30% in energy requirement in the residential sector and 8-10% increase in commercial sector.  This has led to a situation where there are both, energy as well as peak deficits. As per Central Electricity Authority (CEA) data, in Gujarat, during April – December 2006 period; there was energy deficit of 12.6% and peak deficit of 30.2%. 


However, it is obvious that this trend is not sustainable in the long run. Therefore, measures such as reducing energy demands and switching from fossil fuel to renewable energy technologies in the urban areas can drastically change the country’s energy and environment scenario. Towards this, the Solar City programme strives to integrate: 

· energy conservation measures to enhance energy efficiency to reduce the energy demand, and

· utilization of locally available resources such as solar and other renewable energy resources to meet these reduced energy demands 

In India, as has been the case with the introduction of wide-scale introduction of renewable energy technologies for a variety of applications; once again the Government of Gujarat has taken the bold initiative to develop the state capital Gandhinagar as a solar city. The Gujarat Energy Development Agency (GEDA) has been given the mandate to prepare and implement the plan to achieve this objective.


This Integrated Development Plan (IDP) for Solar City is a dynamic document meant to change with time, experience, and need.  The development of IDP has benefited from the active participation of GEDA, Public Works Department, Gandhinagar Notified Area Authority; Municipal Water Supply Department; Forest Department; Gandhinagar Circle; Torrent Power Ltd.; private businesses; and other agencies with energy-related responsibilities.


The philosophy behind IDP is to ensure that Gandhinagar’s energy is adequate, affordable, technologically advanced, and environmentally-sound.  It means that after cost-effective efficiency and demand response, the city relies on renewable sources of power and distributed generation, to the extent possible. It may be noted that there is an important role of research, development and demonstration activities that are critical to realizing these energy goals.  


Methodology

The whole exercise of developing an Integrated Development Plan for making Gandhinagar a solar city has been a collaborative endeavour of TERI and GEDA, along with all the other major stakeholders in the city. Developing the city, as a solar city requires an integrated urban planning approach, which simultaneously involves reducing reliance on fossil fuels by the application of energy conservation and efficiency measures and by replacing/complementing the conventional energy generation with the renewable energy. As decided in the beginning, this exercise did not include the industrial and transportation sectors. The key components of the study comprised (a) baseline determination, (b) energy planning, and (c) developing an Action Plan.

1. Baseline determination

In this initial phase, all the information was collected to prepare the energy base line for Gandhinagar. 

· General information on infrastructure, population and its distribution, household income, education, employment

· Energy demand – Data on sectoral energy demand in residential, commercial, and municipal services

· For the residential sector a survey of sample households was carried out to understand the demand for various activities. 

· Identification of energy conservation was done through energy audits in (a) Old Sachivalaya complex and (b) Megh Malhar Commercial complex

· Energy audit of the municipal services such as street lighting and pumping was also carried out

· Status of renewable, including consumer’s/potential consumers’ feedback, review of RE programs and policies

· Resource assessment for solar, wind, biomass as well as municipal waste

2. Energy planning 

Using energy planning tools like LEAP and RETScreen softwares, different scenarios were developed and analyzed in order to explore the opportunities of (i) reducing the demand based on energy conservation and energy efficiency measures and (ii) meeting the energy requirements through renewable based systems. This was followed by a techno-economic evaluation of various energy conservation and renewable energy options; and finally, setting up targets for energy consumption and GHG emissions for the city.

3. Action plan

The Action Plan has been developed on the basis of different energy saving and renewable energy options, along with those technological options that are feasible in long term only. This plan would be finalized in consultation with GEDA and the stakeholders. 

chapter 2  Review of global ‘Solar City’ projects


Introduction

A large proportion of the world's population lives in cities, towns and urban regions, in which three-quarters of the overall energy consumption occurs. It is generally recognised that a transformation of the present energy system is required in order to secure the energy supply and to mitigate the risks of climate change. The transformation can be possible by a shift towards renewable energy systems (RES) and a more rational use of energy (RUE). One of the ways/approach to achieve such a transformation might be to convert more number of cities into Solar Cities.


Solar cities in a broader term include several initiatives, activities and technologies, which includes renewable energy, energy efficiency, sustainable transport options, architectural innovations etc. The term “Solar cities” defined by several initiatives such as International Solar cities Initiatives and European Solar cities initiatives also includes introduction of green house gas emissions reduction over long term time frame.


Institutions involved on solar cities 

Several institutions working on solar cities are given below:

· International Solar Cities Initiatives (ISCI)

· European Solar cities Initiatives (ESCI)

· Solar city Task force

· International Solar Energy Society (ISES), European Solar cities Projects 

· European Green Cities Network

· Energie Cites Association

· ICLEI-Local Governments for Sustainability

The following section discusses briefly about the initiatives and activities undertaken by these institutions

International Solar Cities Initiatives (ISCI)

International solar cities initiative is the group who had organized the first International solar Cities Congress in Daegu, Korea in 2004.The primary focus of ISCI is to set up the target for introduction of renewable energy and reduction of greenhouse gas emissions on a longer term.

European Solar Cities Initiatives

The aim of the initiative is to support the European energy and climate policy by stimulating the interests of European "high performance" cities and surrounding regions (prospective "Solar Cities"), the European research community and the European sustainable energy industry. 


The Initiative will mobilise a critical mass of participants to find efficient and rapid ways to implement RES and RUE in European cities through research, development, demonstration and information dissemination activities and through stakeholder participation (citizen and others). The goal is to speed up the transformation of the European cities into Solar Cities.


A working definition of a Solar City is a city that aims at reducing the level of greenhouse gas emissions through a holistic strategy for the introduction of RES and RUE to a climate​-stable and thus sustainable level in the year 2050. 


The scientific and technical objectives are: 

· To better understand the energy needs of cities for different energy qualities and for different European regions, 

· To better understand the potential of different forms of RES for and for RUE in cities in different European regions, 

· To identify or develop optimal strategies for rapid integration of RES and RUE in the energy systems of cities for different regions in Europe, 

· To identify RES and RUE best suited for different categories of urban areas and different city surface uses, 

· To optimise the performance of RES and RUE for city applications, 

· To find ways of improving the adoption of RES and REU technology by small and medium-sized enterprises (SMEs), 

· To identify the different actors in a community and identify their needs, possibilities and limitations 

Solar city task force

Solar city task force is an advisory service to assist towns, cities etc integrating renewable energy technologies, and energy conservation and efficiency measures in order to reduce the green house gas emission. A general methodology has been developed based on the experiences and best practices adopted by different institutions internationally for providing such services.

European solar cities projects

The European Solar Cities Project (EU Solar Cities) aims at promoting the wider and large-scale use of renewable energy (RE) within the context of long-term planning for sustainable urban development. It is basically a study that addresses the planning and application of technologies for utilizing Renewable Energy Sources (RES) and Rational Use of Energy (RUE)(in other words adopting Energy efficiency measures) in an urban context and their relevance for reducing CO2 emissions.


Solar city is seen as a city that has made firm commitments in order to reduce green house gas emission targets while incorporating renewable energy technologies.


Within the scope of this project several activities were conducted: 

· The collection and assessment of information about different activities and programmes of selected European cities and city networks, with a description on their implementation and an assessment of their impact. 

· The examination of these activities assisted in the development of two guide books for city actors, namely: 

· Good Practice Guide 

· Guide on CO2 Reduction Potential in Cities

The results encompass a range of informative materials, with recommendations for replication to city actors and local governments. 


The Good Practice Guide is useful for city actors that require ideas and information for planning their own activities and strategies to implement clean energy sources and promote the reduction of harmful emissions. A set of generic good practices have been identified, which represent a good starting point for cities that require an introduction to the concept of implementing RES and RUE strategies and activities. 


The CO2 Reduction Potential Assessment and Issues Impacting on CO2 balances, is a comprehensive report that addresses reduction targets and baseline studies. This is particularly useful for guiding cities interested in implementing a strategy, with basic steps identified to assist this process. 


It has to be noted that there are many different approaches that are, and can be, used by cities, with different baselines and varied ways of presenting emissions reduction results. Although scientists are not unanimous in agreeing to the best way to measure emissions, or the most effective way to calculate emissions reduction, the project team has the view that a delay in implementing strategies and activities that will adequately reduce harmful emissions is in itself the most damaging approach. 


Under this study, eight cities were identified. Cities were selected from Austria, Belgium, Denmark, France, Germany and Italy. Sixty-three city good practices from seven cities and one housing association have been identified. Every city needs to consider the result of its actions in terms of energy used and the effect it has on the environment.


A range of good practices recommended for replication have been identified, and present a guide to urban actions that contribute to sustainability in cities, and actions that strengthen networks. 

· 63 city good practices 

· 22 city network good practices 

Energie-Cités Association

Energie-Cités was established as an association of European local authorities in 1990 in order to implement the following at the local level.

· Reducing energy consumption while reducing local emissions and effluents, 

· Stimulate local growth by making use of locally available resources, 

· Developing innovative town or city

Energie-Cités builds European projects for helping its members to develop a local sustainable energy policy.


With over 140 members in 24 countries and representing more than 500 towns and cities, Energie-Cités is the association of European local authorities for the promotion of local sustainable energy policies.


Programme on solar cities

Australia National Solar Cities Program

Australia National Solar Cities Program was launched in 2004, providing  75 million Australian dollors  in funding over eight years for solar city related projects at least in four Australian cities. The solar cities programme will run from 2004-05 to 2012/13, with the focus on programme design and site selection in the first year. The programme aims to support at least four solar city projects in grid-connected urban centres across Australia. Three cities have already been identified (i.e. Adelaide, Townsville, Blacktown) Solar cities will be implemented by the Department of the Environment and Heritage in an purpose of demonstrating that how solar power, smart meters, energy efficiency and new approaches to electricity pricing can combine to provide a sustainable energy future in urban locations throughout Australia.


Case studies

Solar city: Adelaide, Australia

It is the first solar city project in Australia. The Adelaide green city program has formulated within the contest of several other planning and strategic agendas. Adelaide City Council in 2004 adopted a three-year strategic city management plan in order to make the city as green city. 


The primary goal in the Adelaide programme is 

· Zero net greenhouse gas emission in building by 2012 and in transport by 2020

· Recognized internationally as a green city by 2010

The green city programme is financed partly by new national government A$ 75 million fund for solar cities, partly by South Australia state government and partly by the city government.


The green city project in Adelaide includes incorporation of 

· Solar technology: Solar PV systems have been installed in major public building such as museum, art gallery, parliament house, schools etc. Grid interactive system with smart electricity meter are being considered in the residential sector which can sell power back in to the grid at peak times. 

· Energy efficiency measures in commercial buildings: Under the project, ten major commercial office buildings are considered for conducting the energy audit in each of the building. Each building is then assigned with an “energy star” rating of one to five. The objective of the audit is to increase the rating of each building by at least one star.
· Eco-housing

· Energy audit

Solar city, Barcelona, Spain

Solar city concept in Barcelona was started with the “Barcelona solar thermal ordinance” which represents a major milestone in Urban Energy Policy. The ordinance is a part of “energy improvement plan to the year 2010 for renewable energy and energy efficiency”. As per the ordinance, at least 60% of the domestic hot water energy demand and 100% of swimming pool heating of all new buildings above a certain size (292MJ/day of hot water energy consumption) has to be met through solar thermal collectors. 


Before the ordinance, Barcelona had 1650 m2 of solar thermal collectors installed or 1.1 m2/1000 people and with the enactment of the ordinance and by 2004, it had increased to 21,500 m2 or 16.5 m2/people. The city’s objective is to install 96,000 m2 of solar hot water system by 2010.


Besides Barcelona, other cities in Spain such as Madrid, Burgos, Sevilla, Onil etc had also adopted solar thermal ordinance. Although the current ordinance takes care of solar hot water system only, it is expected that future revision might take place with incorporation of other renewable energy applications as well.

Solar city, Linz, Austria

It is an integrated solar village for 1300 households on the outskirts of Linz. The city administration and 12 separate building contractors jointly developed the village design. 


This solar village consists of 2-4 storey buildings with south facing facades, passive solar heating while ensuring energy efficient constructions. It also includes installation of solar PV systems for electricity generation. 


The total construction cost of the project is 200 million euros. 

Solar city, Cape Town, South Africa

A solar city initiative in Cape Town was started with its Integrated Metropolitan Environmental Policy (IMEP), which envisages several targets, vision statements etc.


The following 4 primary targets are set in order to realize the vision for Cape Town in 2020:

1. 10% contribution from renewable energy sources by 2020

2. 10% households have solar water heater by 2010

3. 90% of households have CFL by 2010

4. 5% reduction in local government electricity consumption by 2010

It was found that transport sector contributes half of the total energy consumption of the city and the most significant green house gas emissions from city and public facilities were from landfill gas, streetlights and city government buildings and vehicles. Hence initial projects have focused on landfill sites, city government buildings and vehicles.


In Cape Town pilot projects and full-scale implementation are planed in various sectors such as residential, commercial, industrial, transport etc.

Solar city, Daegu, Korea

Daegu solar city programme is based on its master plan to the year 2050, which has systematically incorporated renewable energy into city development. In 2002, the center for solar city Daegu was established by the city and Kyungpook National University for research, planning, financial sourcing, linking local policy with national policy etc.


Solar city programme includes installation of following 

1.
Solar hot water system. About 3400 m2 have been installed since 2002 in public facilities like orphanages and nursing homes. 

· Solar photovoltaic system. 635 kW of PV have been installed in schools, parks, and other public buildings. 

· About 550 out of 1700 buses are already run through CNG and the target is to convert all buses to CNG-fueled by 2008.

· Wind, small hydro, and landfill gas projects are planned. A "green village" is planned, along with a "solar campus" program to apply solar technologies to schools and universities. 

Solar city, Oxford, UK

The Oxford Solar Initiative was started in 2002 as a partnership between the city, Oxford Brooks University, and the local community. The primary target of the initiative is to convert 10% of all homes in the city to have solar energy by 2010. Some short-term targets such as installation of energy efficiency measures, solar hot water system, reduction of CO2 emission, capacity building for the local government are also included in the initiatives.


The oxford solar city initiatives have three primary goals as mentioned below. 

1. To add a sustainable energy element to urban planning strategies; 

2. To set targets, conduct baseline studies, and develop long-term scenarios; and 

3. To develop sustainable urban energy technologies

As part of the initiative, Oxford has been conducting analyses of the CO2 emissions of its built environment using a geographic information systems (GIS) to predict baseline energy use for each house.


Oxford has also introduced the concept of  "solar street" in which all the homes on one street have solar hot water and solar power. These solar power systems are connected to the electric grid via a "power gate" that allows the community to obtain Renewables Obligation Certificates (ROC) from the utility for the power generated. 


As far as the availability of financial assistance to homeowners    are concerned, following two types of assistance are available.

(1) For energy efficiency improvements, the grants cover typically 60-100% of the full cost of wall and loft insulation, hot water tank insulation, condensing boilers, heating controls, and efficient light bulbs (which are provided free of charge).

(2) For renewable energy, the grants cover up to 50% of the full cost of solar electric systems and up to £500 for solar hot water systems.
To summarize, Table 2.1 gives a checklist of parameters/activities, which have been included in different case studies. 

Table 2.1  Checklist of parameters and initiatives taken up

	City
	RE goals
	CO2 goals
	SHW
	Solar PV
	Transport
	Buildings
	Planning
	Demos

	Adelaide, Australia
	X
	X
	
	
	
	
	X
	X

	Barcelona, Spain
	
	
	X
	
	
	
	X
	X

	Cape Town, South Africa
	X
	X
	
	
	
	
	X
	

	Daegu, Korea
	X
	X
	
	
	X
	
	X
	X

	Linz, Austria
	
	
	
	
	
	
	
	X

	Oxford, UK
	X
	X
	X
	X
	
	X
	X
	


Planning: Overall urban planning approaches with consideration for future energy consumption and sources.

Demos: Specific projects, subsidized by public funds or otherwise financed as one-time demonstrations or limited-scale investments in any of the above categories

chapter 3  National and international practices


Energy conservation in buildings

Residential, public and commercial buildings consume a large amount of energy mostly for lighting, appliances, space heating and water heating.
In order to improve energy efficiency and conserve energy through the concept of the ‘solar city’, existing buildings and new buildings must evolve to incorporate energy efficiency and energy conservation measures.


To encourage global best practice in Gandhinagar, this section considers how energy efficiency is incorporated into building codes in Australia, Canada, the U.S.A and India, and how building practices are managed internationally and in India. These countries are considered as they are some of the world’s leaders in energy efficient building design and also have a similar climate to India.


Strategies to achieve energy efficient buildings according to international practice will be discussed here for the main components of a building in order to achieve energy efficiency and conservation in the developing ‘solar city’ of Gandhinagar. Information on technologies and energy saving methods outlined in this chapter aim to assist the Gujarat Energy Development Agency in going beyond basic energy efficiency strategies and to provide more the tools for innovative designs for new and retrofit buildings. 

Achieving energy efficient buildings 

As Gandhinagar lies in the hot-dry climate
, any energy efficient building system must be designed according to this climate. This should also be a major consideration when looking at international practices that /are suitable to follow. 

Energy conservation regulations

Australia

Building controls and regulations in Australia are the responsibility of the States and Territories. The BCA provides a nationally uniform code for technical requirements in buildings. The BCA 1996 (the current BCA) is a performance-based code subject to State and Territory variations. Local councils and private certifiers are responsible for administering the BCA and some local councils use planning legislation to enforce energy efficiency measures for buildings in their region.


In Australia there exists the Green Building Council of Australia (GBCA), which considers best practice for building energy. They have a Memorandum of Understanding with Building Construction Interchange and they have ensured that energy efficiency is incorporated into their Building Codes of Australia (BCA).  They promote sustainable buildings by recognising them through the Green Star rating system, which ranks buildings according to certain ecological and environmental criteria
. It is based on the British BREEAM (Building Research Establishment Environmental Assessment Method) and America’s LEED (Leadership in Energy and Environmental Design). This system was created for the property industry to encourage green building design and create awareness of the benefits. Not only can they market green buildings to consumers on the basis of cost savings, but also green buildings have an attached sense of leadership in the property industry at present.


Currently the system of rating is for office buildings, followed by health centres and educational facilities. Soon it will also be developed for some multi-unit residential complexes but has yet to be developed for housing. 


The main reason that commercial buildings have been targeted first is due to their huge contribution to emissions in Australia. They contribute 8.8% (particularly offices and hospitals) to total emissions and this must be reduced in order for Australia to meet their international emissions obligations
. For residential buildings it is suitable to refer to guidelines by the Australian Greenhouse Office
. 


The GBCA also works closely with the Canadian Green Building Council (CaGBC) but have not developed sustainable practices as far as the Canadian Council. 

Canada

In Canada there exists the National Building Code of Canada 2005 (NBC 2005). This is for use by officials, educators and construction professionals.  However this code does not directly deal with energy conservation and hence there is a separate Model National Energy Code for Houses 1997 (MNECH) and Model National Energy Code for Buildings 1997 (MNECB). The MNECH allows designers the freedom to choose the level of energy efficiency they wish to achieve for a given climate and type of fuel used in the home.  This code is applicable to residential buildings up to three storeys high and additions to buildings up to 10m2. The MNECB considers minimum requirements for building features, which dictate energy efficiency. It considers regional construction costs, regional heating fuel types and costs, and regional climatic differences. This code considers the building envelope, water heating, lighting, HVAC systems, and electrical power.


For best practice in Canada for residential buildings there is the EnerGuide offered by the government and also R-2000 houses scheme. Both these offer buildings that are achieve best practices in energy efficiency and builders who engage with these schemes will do so to provide high quality housing for buyers and a reduction in energy costs for the buyer. Several provinces/territories are currently considering incorporating the MNECB in their building regulations. If adopted by a province, territory or municipality, the provisions of the MNECB will become law in that region. The same is the case for MNECH. 
These energy efficiency codes are to be used alongside the NBC 2005. 


Some of the Canadian provinces and the Government have energy efficiency acts and the MNECB and MNECH refer to these and give minimum energy requirements. If local legislation exists then this is followed. If it does not exist at federal or province level then the MNECB/MNECH is followed. However the codes are not mandatory unless stated in local legislation. 


The CaGBC have chapters across Canada that work to promote green building concepts in their respective local areas. They use the LEED rating system for Canada and help local property developers understand how to make buildings more energy efficient. The CaGBC also aims to take building practice beyond the MNECB and MNECH. 

U.S.A

In the U.S.A building codes vary across the country from State to State. There are three tiers of National, State and Local level all of which can have legislation that applies to buildings in a specific region. Depending on the State, building codes can apply directly to green building design or can incorporate features such as energy efficiency without directly referring to green building design. Some states (earlier Washington offered subsidies) subsidise the use of renewable energy in buildings to encourage people to invest.



In the US there exists International Energy Codes (IEC) and the American National Standards Institute/American Society of Heating, Refrigerating and Air-Conditioning Engineers standards (ANSI/ASHRAE/IESNA Standard 90.1) requirements. There has been a Building Energy Codes program, which encourages the adoption of building energy codes by state governments
.

India

In India there exist the National Building Codes 2005 (NBC 2005) and the new Energy Conservation of Buildings Codes 2006 (ECBC 2006). The national building codes only consider regulations in building construction primarily for the purposes of regulating administration, health and safety, materials and construction requirements and building and plumbing services whereas the ECBC 2006 consider energy conservation and energy efficiency in buildings ‘to provide minimum requirements for the energy-efficient design and construction of buildings.’ The NBC 2005 refers to a wide variety of building type and ownership (government, non-government etc.) whereas ECBC 2005 only refers to commercial buildings and some building complexes.


The ECBC 2006 mainly considers administration and enforcement, the building envelope, HVAC, service hot water and pumping, lighting and electric power to encourage conservation of energy. These are considered in new buildings and additions to existing buildings. 


At present the Energy Conservation Act 2001 empowers the state governments to adjust the codes according to local conditions. This encourages inconsistency in building practices across to country and can lead to huge deviations from the existing codes. There are currently state designated agencies for implementation of this code for example in Gujarat, the Gujarat Energy Development Authority is the state designated agency for implementing the Energy Conservation Act 2001 and hence ECBC 2006. In Pondicherry and the Andaman and Nikobar Islands, the local Electricity Department is responsible for enforcing energy conservation policy and regulations at local level. The regulating authority is different for each state and is responsible for enforcing the adapted building codes for that state. Experts (architects and engineers) check the plans for new buildings or changes to existing buildings and permit the builder to carry out construction if the designs meet code requirements. They are rejected and sent for alteration if they do not meet requirements. After the building is built it must again be certified as complete by the state designated agency before it is used. 


The Bureau of Energy Efficiency is working on certifying Energy Auditing Agencies in order to evaluate buildings energy use, which will enable better regulation of energy conservation in buildings.


In order to encourage green rating practices of buildings, The Energy and Resources Institute (TERI) has developed the TERI-GRIHA rating.


Points are given for different criterion at the site planning, building planning and construction, and the building operation and maintenance stages of the building life cycle. 


All buildings, except for industrial complexes and housing colonies, which are in the design stage, are eligible for certification under the TERI system. Buildings include offices, retail spaces, institutional buildings, hotels, hospital buildings, healthcare facilities, residences, and multi-family high-rise buildings.


Buildings are evaluated and rated in a three-tier process. The preliminary evaluation is done to estimate the number of points the project is likely to get. Then relevant documents will be submitted for each criteria (format provided by TERI-GRIHA). Then the documents will be evaluated and re-evaluated after adjustment by the TERI evaluation committee. The evaluation committee awards the final score for the project, which is then presented to an advisory committee. The final rating is valid for a period of 5 years from the date of commissioning of the building.


Each criterion has a number of points assigned to it. The system is a 100-point system consisting of some core points, which are mandatory (or partly mandatory) and the rest are optional. There is then a one to five star certification system to finally rate the building
.

Lighting

Lighting is a component of buildings that contributes up to 20% of buildings electricity consumption in an air-conditioned building. In a non air-conditioned building it is the most significant source of energy consumption.


When designing a lighting system, the critical factors according to U.S.A based Energy Design Resources are as follows.

· Design according to lighting demand and distribute any glare that is present.

· Maximise use of natural daylight but avoid direct sunlight and install appropriate controls for lights.

· Use high-efficiency fluorescent systems for commercial spaces.

· For further lighting requirements (e.g. atmospheric) use incandescent and compact fluorescence sources.

· Make use of high intensity discharge systems such as pulse start metal halide for outdoor systems, and ceramic metal halide if colour quality is a concern (such as in retail outlets)
.

TERI-GRIHA rating system contains a set of basic requirements in order to optimise the buildings design for reducing energy demand from lighting. The main aim is to apply passive solar techniques to buildings to enhance the use of natural sunlight in order reduce energy consumption from lighting.


The criteria commitments outlined in the TERI-GRIHA are as shown in the box below.

Box 1: Criteria for lighting

12.1.1 Arrange spaces with respect to favourable orientations

12.1.2. Shade the east-west walls using shading devices

12.1.3. Do solar path analysis to arrive at an appropriate size of shading device for each orientation or, use shading norms prescribed in SP 41: 1987 – Functional requirement of buildings. Also adhere to Solar Heat Gain Coefficient as per ECBC 2006. 

12.1.4. Perform daylight simulation and ensure that all living spaces shall have a minimum of 75% area with daylight factor as prescribed in Bureau of Indian Standards (SP41:1987 Functional requirement of buildings) under overcast conditions. 

12.1.5. Perform lighting simulation to demonstrate that the lighting levels in indoor spaces are maintained as recommended in National Building Code 2005, Bureau of Indian Standards, Part-8 building services, Section 1, Lighting and ventilation, Table 8. 

Source: TERI-GRIHA

The majority of these practices refer more to commercial buildings because lighting systems in households are less complex. For the residential sector the largest saving potential is by replacing all incandescent lights with compact fluorescent lighting (CFL)
, which produces a saving of approximately 75-85%. Those commercial buildings that have already made this switch and must incorporate better-designed lighting systems according to the information outlined in this section in order to improve efficiency and maximise use of natural sunlight.



The Canadian organisation, Natural Resources Canada offers advice for energy efficient measures that are summarised in the table below. These are suitable for the Gandhinagar’s hot-dry climate and also those that directly have an effect on energy consumption.

Table 3.1  Suggested energy efficiency measures for commercial buildings

	Technology
	Description
	Building use and type
	Benefit and limitations

	External Shading Device
	Incorporated in building façade to limit internal heat gain from solar radiation. Often in the form of horizontal sunshades attached above windows on south facing walls. Vertical louvers for east and west facing windows are also effective


	High rise office; low rise office; low rise apartment; retail; food service; institutional; arena; used for new and existing buildings
	Reduces cooling loads but does increase capital costs and maintenance.

	Shading with Vegetation
	Deciduous vegetation planted primarily on southwest and west side of building to block sun. 
	High rise office; low rise office; high rise apartment; low rise apartment; retail; food service; institutional; arena
	Reduces air conditioning needs and creates a cooler building climate. Reduces heat loss from wind also. However plants must be chosen to adapt to local climate. It requires maintenance also and it needs space available for planting.



	High Intensity Discharge (HID) Lamps
	Produce light by striking an electrical arc across tungsten electrodes housed inside a specially designed inner glass tube. Typically used when large amount of light for large area is required.
	High rise office; institutional; retail; arena; parking garage; food service; warehouse and industry; residential; used in new and existing buildings
	Increases energy efficiency of lighting. Initial cost is higher than conventional lamps but energy saving is 15 to 25% for these energy saving lamps.



	Dimmable Compact Fluorescent lamps (CFL’s) and electronic dimmable ballasts


	Dimming results in lower energy usage
	High rise office; low rise office; low rise apartment; arena; institutional; retail; food service; used in new and existing buildings
	Lowers energy consumption and has longer lamp life. However, higher cost and larger fixtures required.

	Daylighting controls
	Controls that respond to levels of natural light by dimming or turning off electric light
	High rise office; low rise office; retail; food service; institutional; used in new and retrofit buildings.
	High costs and rapid change in lighting can be disturbing. However it reduces electricity use.



	T8 fluorescent lamps
	16mm diameter high-efficiency fluorescent lamp produced in metric sizes. 
	High rise office; low rise office; low rise apartment; retail; food service; institutional; arena; used in new and existing buildings.


	Increases energy efficiency and lower operating costs. However may increase glare.

	Indirect lighting systems
	Direct indoor lighting to floors and ceilings where it is reflected back to room
	High rise office; low rise office; retail; food service; institutional; used in new and existing buildings
	Eliminates glare and shadows, reduces electricity use and cooling loads, and reduces required light levels. However, requires high ceiling height and perhaps higher initial costs.


Information adapted from Canadian strategies for commercial buildings
 and Sustainable Building Design Manual
 (a collaboration of UK, Spain and Indian expertise in energy efficiency)

Support mechanisms

The US government offers a federal tax deduction for reduction in energy use in lighting systems that go beyond the ASHRAE guidelines. This incentive allows energy efficient lighting to be a cost effective measure
. The Gujarat Energy Development Agency  (GEDA) currently offer subsidies for indoors and outdoors solar lighting devices for community and individual users
. This should be further promoted in the ‘solar city’ to encourage people to adopt these energy efficient technologies.

Heating, Ventilation, and Air-Conditioning (HVAC) systems

There is a huge potential for energy saving through more energy efficient HVAC systems, as they are known to contribute 40-50% of a building’s electricity consumption if the building is air-conditioned
.


Natural ventilation, a certain minimum equipment efficiencies, HVAC controls, piping and ductwork, condensers and solar water heating in new (or addition to existing) commercial air-conditioned buildings should all comply with guidelines in ECBC 2006 and NBC 2005. NBC 2005 specifies ventilation requirements for household spaces and hence it is recommended that these be used as the standard for the ‘solar city’. 


The guidelines for alterations to heating, ventilation and air conditioning in existing buildings are given in ECBC 2006, Section 6.1.1.3. This is particularly important for Gandhinagar where existing infrastructure must be improved upon to achieve the concept of the ‘solar city’. The criteria are shown in the box below that relate to HVAC systems.

Box 2: Criteria for HVAC systems
13.1.1. Follow mandatory compliance measures as recommended in ECBC 2006.

13.1.2. Show that energy consumption in energy systems in a building under a specified category is less than the benchmarked energy consumption figure, through a simulation exercise. The energy systems include air conditioning, indoor lighting systems, water heating, air heating and circulation devices within the building.

13.1.3. The annual energy consumption of energy systems in a fully non-air conditioned building for day use should not exceed 26 kWh/m2.

13.1.6. Quantify energy usage for all electrical, mechanical, and thermal systems for which either electrical or thermal energy is being used and which are (water and air), and air circulation. To convert thermal energy to electrical energy the following table should be used 
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13.1.7. Perform hourly calculations to show that in non air conditioned areas, the thermal comfort conditions as specified in NBC 2005, Part 8 Building services; section 1 – lighting and ventilation; Desirable wind speeds m/s for thermal comfort conditions, Table 9 and 10 are met for 9% of all occupied hours.

13.1.8. Perform hourly calculation to show that in air conditioned areas the thermal comfort conditions as specified in the NBC 2005, part 8 Building services; section 3- Air conditioning, heating and mechanical ventilation, section 4.4.3 inside design conditions are met for 100% of all occupied hours.
Source: TERI-GRIHA

Aside from these criteria for the TERI-GRIHA rating scheme and building code commitments there are a variety of technologies that can be implemented to achieve energy efficiency over and above the minimum Indian standards. 


The Australian Greenhouse Office offers suggestions for improving the efficiency of HVAC systems in existing buildings at no cost such as:

· Keep heating and cooling off when not in use

· Keep doors and windows closed in air conditioned spaces

· Turn off equipment when not in use

· Adjust thermostats to a higher temperature setting (ACs)

· Allow free airflow

· Use a zoning system (not all areas of building have to be cooled and/or heated)

These measures require users of buildings to maintain the building and help achieve energy efficiency.


Natural Resources Canada and Sustainable Building Design Manual offer further solutions to improve energy conservation in HVAC systems by more energy efficient systems and technologies. These are outlined in Table 3.2 below.

Table 3.2  Alternative technologies to improve energy efficiency of HVAC systems

	Technology
	Description
	Building type and use
	Benefits and limitations

	Radiant heating and cooling
	Heating and cooling system relying primarily on radiation heat transfer. Typically heated or chilled water is circulated through ceiling and floor panels to condition the space
	High rise office; low rise office; high rise apartment; low rise apartment; residential; institutional; retail; used in new and existing buildings.
	Lower parasitic energy consumption (for pumps and fans). Improved thermal efficiency in comparison to conventional plants. However may need additional air conditioning system to prevent condensation on cooling panels and higher cost than air-based systems. Requires air tight and energy efficient building envelope.



	Low NOx burners
	Natural gas burners with improved efficiency and less nitrous oxide emissions
	Low rise office; high rise office; low rise apartment; high rise apartment; retail; food service; institutional; used in new and existing buildings
	Increased energy efficiency and less polluting although it has higher cost and requires more maintenance than conventional systems.



	Passive solar heating
	Use of sun’s energy to meet building heating demands
	Low rise office; low rise apartment; retail; arena; used for new and existing buildings
	Reduces space heating costs and provides natural lighting but restricted to buildings with low internal heat gains and can cause high night time heat loss. Not advised for buildings with large internal heat gains.



	Gas Engine-driven chillers
	An air-conditioning chiller powered by a natural gas engine
	High rise office; high rise apartment; retail; institutional; used in new and existing buildings
	Lower peak electricity demand, lower cooling costs, and free heat recovery however uses refrigerants and requires greater maintenance.



	Alternative refrigerants
	Refrigerants that do not destroy the earth’s ozone layer
	High rise office; low rise office; high rise apartment; low rise apartment; retail; food service; arena; institutional; used in new and existing buildings


	Conserves atmospheric ozone and lowers greenhouse gas emissions but may be less efficient and less stable.

	Gas fired chiller/heater
	A natural-gas powered mechanical appliance that supplies chilled water for air-conditioning or for process cooling, as well as hot water for space heating


	High rise office; high rise apartment; retail; food service; institutional; used for new and existing buildings
	Eliminates the use of ozone-depleting refrigerants and reduces air conditioning costs. However, it has a higher initial cost and there are physical constraints when installing in existing buildings.

	Desiccant Cooling/ Dehumidification
	Use of chemical or physical absorption of water vapour to dehumidify air and reduce the latent cooling load in a building HVAC system
	High rise office; low rise office; high rise apartment; arena; used in new and existing buildings.
	Reduces energy required to dehumidify and cool ventilation air and reduces condensation. Improves efficiency of refrigeration equipment by operating at higher evaporator temperatures and higher Coefficient of Performance. Also allows alternative AC approaches. However it has high initial cost and most effective in large building with centralised HVAC equipment.



	Enthalpy heat exchangers
	Transfers sensible and latent heat between two air streams.
	High rise office; low rise office; high rise apartment; low rise apartment; retail; food service; institutional; arena; used for new and existing buildings.
	Conserves sensible and latent heat. Reduces cooling load during summer and doesn’t require heat for regeneration. However it has a large and bulky configuration.



	Energy recovery ventilators
	Device providing ventilation for dilution or source-control applications.
	High rise office; low rise office; high rise apartment; low rise apartment; food service; arena; institutional; retail; used in new and existing buildings.


	Improves internal air quality, energy efficiency and lowers peak energy demand. 

	Natural ventilation and cooling
	Use of outdoor airflow into buildings to provide ventilation and space cooling.
	High rise office; low rise office; high rise apartment; low rise apartment; retail; food service; institutional; industrial; only for new buildings
	Provides ventilation without using fans and free cooling without mechanical systems. Reduces construction and operating costs of building and no fan noise. However less easy to control and larger temperature fluctuations. Occupants must adjust windows to encourage the effect. 


Most of these systems are suitable for commercial buildings. Due to the hot-dry climate of Gandhinagar it is important to prioritise the avoidance of passive heating in buildings and installing energy efficient cooling equipment.

Support mechanisms

Gujarat does not currently offer subsidies for most energy efficient HVAC systems. There is a subsidy for natural water coolers at present
. Various states in the U.S.A, such as California
, offer financial incentives for more energy efficient HVAC systems. This encourages their use in new buildings and when retrofitting existing buildings. 

Service hot water and pumping

In terms of energy consumption, water heating accounts for approximately 20% of residential energy use and about 7% of commercial energy use
. The use of energy by systems in a building can be reduced by using more energy efficient hot water heating and pumping systems as well as better maintenance of existing systems so that they are only in use when required. 


ECBC 2006 gives minimum equipment efficiencies, and piping insulation criteria to encourage energy efficiency in service hot water and pumping systems for new and existing commercial buildings. 


It is particularly important to note ECBC’s requirement that 1/5th of the design capacity for water heating in residential facilities, hotels, and hospitals with centralised heating systems, should be provided by solar water heating systems. 


TERI-GRIHA criteria for renewable based hot water systems are given in the box below. 

Box 3: Renewable based water heating

18.1.1. Ensure that a minimum of 50% of the annual energy requirement for heating water (for application such as hot water for all needs except for space heating, e.g. for canteen, washing, bath rooms/toilets) is supplied from renewable energy sources
Source: TERI-GRIHA

To go beyond basic equipment energy efficiency requirements in building codes and regulations, one can look further to international standards.


The Australian Greenhouse Office give no cost suggestions to save energy in water heating and pumping,

· Reduce thermostat settings so it is not unnecessarily high.

· Turn water heaters off when not required in building.

· If using a circulating pump then this should be turned off outside of usage hours.

· Only switch on extra water heaters when needed for the specific tasks that they are installed for rather than continuously running them
.

The Sustainable Building Design Manual and Natural Resources Canada website offer solutions to saving energy using more energy efficient technologies in water heating and pumping. Potential technologies are given in Table 3.3 below.

Table 3.3  Potential technologies for water heating

	Technology
	Description
	Building type and use
	Benefits and limitations

	Direct contact water heaters
	This is a water heating device without a heat exchanger and in which flue gases are in direct contact with the water


	High rise apartment; food service; institution; used in new and existing buildings
	Increased efficiency and reduced NOx and CO emissions. However it has a higher cost and is less effective in closed loop applications.

	Ground source heat pumps (geothermal heating)
	Extracts heat stored in the upper layers of the earth. 
	Low rise office; low rise apartment; retail; food service; institutional; used in new and existing buildings.
	Can reduce energy for space heating, cooling, water heating in large buildings by as much as 50%. Require less mechanical room space, and has reduced operation and maintenance costs. However initial and design costs are higher. Requires additional site coordination and supervision.



	Solar water heating
	The use of the sun’s energy to heat water rather than gas or electricity.
	Residential; high rise office; low rise office; high rise apartment; low rise apartment; retail; food service; institutional; arena; used in new and existing buildings.
	At minimum operational costs it can provide most of a buildings hot water requirements. Reduces use of electricity and/or fossil fuels. However will need a conventional back up system to boost temperature but use will be limited in a hot dry climate such as that of Gandhinagar. 


The savings will mostly be in commercial buildings because the cost of implementing these technologies in each residence will be costly.

Support mechanisms

There are no subsidy support mechanisms for solar heating systems in particular which will be the preferred option for Gandhinagar due to this technology being suitable in the climate of the proposed ‘solar city’.

Building envelope

The building envelope includes fenestration (including vertical fenestration and glazing), opaque construction, building envelope sealing (affects air leakage), roofs, walls and skylights (for commercial buildings).


The Sustainable Building Design Manual recommends that the ECBC 2006, which is mostly based on the ASHRAE codes of the U.S.A, should be used for insulation values and SHGC values in the building envelope in particular.

Electric power

Some savings in energy can also be achieved through improving electric power systems of buildings. ECBC 2006 suggests suitable maximum transformer power losses for air-conditioned commercial buildings in India and encourages the use of energy efficient motors.


Policy review

In the context of developing Gandhinagar as a Solar City, an exercise has been undertaken to review the pertinent policies, legislations, and regulations that have bearing on the planning and implementation processes. Essentially this review has been carried out to give a sense of the measures already in place that could be used for (a) facilitation, (b) enforcement, and (c) implementation of solar city plans. The main areas of the focus were policies and legislation that promote energy conservation and renewable energy utilization. The following section describes key features of such measures as applicable to Gandhinagar.

Energy conservation and efficiency

As per Energy Conservation Act 2001, the state government is empowered with a number of enforcing powers such as:

· The State Government may, by notification, in consultation with the Bureau of Energy Efficiency (BEE) amend the energy conservation building codes to suit the local climatic conditions specify and notify energy conservation building codes with respect to use of energy in the buildings.

· Direct every owner or occupier of a building or building complex to comply with the provisions of the energy conservation building codes.

· Direct, if considered necessary for efficient use of energy and its conservation, any consumer referred to get energy audit conducted by an accredited energy auditor

· Take all measures necessary to create awareness and disseminate information for efficient use of energy and its conservation.

· Arrange and organise training of personnel and specialists in the energy conservation techniques for efficient use of energy and its conservation.

· Take steps to encourage preferential treatment for use of energy efficient equipment or appliances.

Besides, the EC Act 2001 mandates the State Government to constitute the State Energy Conservation Fund for the purposes of promotion of efficient use of energy and its conservation within the State. 


On its part, GEDA offers 50% subsidy on the energy audit charges (or Rs.20,000) whichever is less.

Renewable energy

The policy directives for promotion of renewable energy, for 2006–07, as prescribed by MNRE and GEDA are as follows.

Solar photovoltaic systems

· New and emerging applications of SPV technology and other applications will be supported on case-to-case basis.

· For the purchase of Solar Photovoltaic (SPV) systems and power plants, soft loans are offered. The scheme is implemented through IREDA and designated banks.

· Streetlight Solar Control Systems: MNRE supports municipal corporation to install a maximum of 20 numbers of ‘Streetlight Solar Control Systems’ of 5 Wp SPV module capacity; with up to 100 streetlights per system, with a grant limited to 25% of the cost (or Rs.5,000 per system).

· Dusk-to-dawn solar street lighting systems: Solar street lighting systems of 74/75Wp SPV modules and 11 W/ 18 W CFLs are supported with MNRE grant limited to 50% of the cost (or Rs.10,000 for 11 W CFL/Rs. 12,000 for 18 W CFL, whichever is less). Maximum 100 streetlights per Municipal Corporation will be supported. GEDA, in addition, provides a subsidy of 25% of the street light cost.

· Solar illuminated hoardings: Solar PV systems up to 1 kWp of SPV module capacity illuminating a minimum of 2 sq.m. of hoarding area, at least for 6 hours, are supported with MNRE grant limited to 50% of the cost (or @ Rs. 15,000/100Wp hoarding, whichever is less). A maximum of 20 such holdings will be supported per Municipal Corporation.

· Solar Traffic Signals: Solar traffic systems with minimum 500 Wp SPV modules for four- road junctions will be supported with MNRE grant limited to 50% of the cost (or Rs.2.5 lakhs whichever is less). A maximum of 5 such systems per state capital will be supported.

· Solar Road Studs: 50% of the cost, or Rs. 1,000 for each stud, whichever is less, will be provided as MNRE support. A maximum of 100 studs per state capital will be supported.

· Solar Blinkers: Solar Blinkers with minimum 37 Wp module capacity and 24 hour operation will be supported with MNRE grant limited to 50% of the cost (or Rs.7,500, whichever is less). A maximum of 100 solar blinkers will be supported.

· GEDA offers 50% subsidy on the capital cost of SPV Home Lighting Systems.

Solar water heating systems 

· Soft loan up to 85% of solar water heating system cost is available from the Indian Renewable Energy Development Agency (IREDA) and designated banks, for a maximum of 5 years duration. The applicable rate of interest is

· 2% to domestic users

· 3% to institutional users not availing accelerated depreciation

· 5% to industrial/commercial users availing depreciation

· For those institutional and commercial establishments that do not avail MNRE’s soft loan scheme; capital subsidy @ Rs. 1100 per sq.m. of collector area for registered institutions and @ Rs. 825 per sq.m for commercial establishments is provided.

Other systems

· GEDA offers 50% and 75% subsidy on the capital costs of domestic and community solar cookers respectively. 

· GEDA offers 75% subsidy on the capital costs of improved crematorium.

· GEDA also offers 75% subsidy on the capital costs of energy efficient devices and natural water coolers.

In addition, Gujarat Electricity Regulatory Commission also has put in place, a forward-looking tariff regime for grid connected wind power plants.

Thus, it is clear that there exist many provisions that empower both, the Gujarat government as well as GEDA, to translate solar city integrated plan in to action. This is further facilitated by the existing policy directives for the promotion of energy conservation and renewable energy.   

chapter 4  Gandhinagar energy baseline


Introduction

In order to identify the energy conservation potential in Gandhinagar, it is important to understand the profile of energy consumption under the Business As Usual (BAU) scenario. This chapter focuses on the present energy consumption and the projected consumption profile in the next 5 years, if the consumption continues in the current fashion.
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The major energy consuming categories are residential, commercial (offices and shops), municipal services, industrial and transport. In the present study, all the above sectors except industry and transport are considered. Within the selected sectors i.e. residential, commercial and municipal services, the major energy sources are electricity, LPG, and kerosene. The present electricity consumption in these sectors is given in Figure 4.1 below.

 Figure 4.1  Sector-wise annual electricity consumption (in MU)

Source: Torrent Power Ltd and TERI’s energy audits

The details of consumption in various sectors are provided in the subsequent sections.

Residential 

To assess the electricity consumption patterns, the residential sector is divided into Lower Economic Community (LEC), Middle Economic Community (MEC) and Higher Economic Community (HEC) housing types. Each type is further divided into government, private or Gujarat Housing Board (GHB) houses. Total number of houses in Gandhinagar, according to Census 2001 is 42,471. 


The percentage of each housing type is given in Table 4.1.

Table 4.1  Distribution of residential houses in Gandhinagar

	Housing type
	No. of houses
	Percentage (%)

	LEC
	15701
	37.0


	   Govt
	15247
	97.1


	   Private
	0
	0.0

	   GHB
	454
	2.9

	MEC
	16144
	38.1

	   Govt
	1010
	6.3

	   Private
	14178
	87.8

	   GHB
	956
	5.9

	HEC
	10626
	25.0

	   Govt
	148
	1.4

	   Private
	7779
	73.2

	   GHB
	2699
	25.4


Primate survey was carried out in the residential sector to estimate the energy consumption as well as to look at the ownership of energy consuming devices like refrigerator, washing machine etc. In order to estimate the electricity consumed per household the demand by end use device is considered. The electricity demand in terms of lighting and appliances has been considered only. In addition to this, the survey provided some information on kerosene, LPG and wood fuel usage in Gandhinagar city, which is also considered in the demand profile. 


For lighting, bulbs and tube lights are used in Gandhinagar city. The average usage time and number of devices per household was found from the survey. Average power consumptions were taken for the bulb and tube light and were used to calculate the electricity consumption for lighting for each of the LEC, MEC and HEC household types. 


The other appliances considered in the survey were fridge, washing machine, room cooler, electric iron, fans, and TV as they were the most used and/or the most energy intensive items. The wattage for each appliance has been referred from the Tata Power Consumption – Power Consumption Guidelines
. 


The household survey gives details on the average number of operating hours per day of each appliance. The survey also gives an estimated number of appliances per household. This information has been used to estimate the total electricity consumption by appliances for each of the LEC, MEC and HEC household types.  Annex IA summarizes the energy consumption information for household appliances and lights, and their respective energy consumptions by household type. 


The total annual electricity consumption in residential sector, based on the survey, is estimated to be 46.6MU. The Torrent power supply data shows that 45.64MU
 of energy is supplied to households in Gandhinagar.
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The Figure 4.2 shows that fans, lighting and TV’s consume the most energy. This is expected, as these are the common devices in every household that are used on a daily basis.

Figure 4.2  Distribution of electricity consumption by various appliances in residential sector in Gandhinagar in 2006

In order to understand the future electricity consumption in Gandhinagar City’s residential sector, the growth must be estimated.

 
Surveys show that the average number of residents in each house is 4.5. This was a standard figure used to calculate the increase in number of houses of each type with increase in population. It is assumed that the average residents per household will not change. The total population is taken to be 1,96,000 (2001 census). In order to arrive at the growth in number of households, the growth in population at an annual rate of 1.37% was used
. This growth is also assumed to remain the same up to 2012. Therefore if population is growing by 1.37%, then households will also increase by this amount. It is assumed that in the LEC households, the number of private households will always remain zero, as it is not possible to reliably predict when there will be private housing in this category.
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Thus by 2012 the predicted population will be around 2,27,646 and number of households could increase up to 49,328. Assuming that the residential electricity consumption profile would remain the same, the total electricity consumption would increase to 50.6MU in 2012 in the business-as-usual (BAU) scenario. 

Figure 4.3  Total electricity consumption in the residential sector projected to 2012

LPG and kerosene

Assuming 2 LPG cylinders consumption per month for each household of 14 kg each, the total LPG consumption in residential sector is estimated to be 1091064 cylinders per annum. This relates to 15696240 kg of annual consumption for all households. Therefore, household LPG consumption works out to be 336 kg per annum. It is assumed that all of the households would be using LPG for water heating, as the survey indicated that there is very low penetration of electric geysers in Gandhinagar city. Out of 336 kg of total household LPG consumption, 140kg of LPG is used for water heating purpose
. The projections of LPG consumption in a business as usual scenario, i.e. with 1.37% annual increases in population, in 2012 is estimated to be 16575888 kg (Figure 4.4).
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Figure 4.4  LPG consumption projection (BAU scenario)

The total kerosene consumption for the month of October 2006 was 20628kl for non-ration cardholders. Therefore annually a total of 24753kl of kerosene is consumed in Gandhinagar city.  

Commercial 

The number of electricity connections to commercial customers is 6998 including complexes, markets and small establishments and offices
. The total annual electricity consumption for the commercial sector is 15.47 MU presently. The total average electricity consumption per commercial establishment was calculated using this data.


In order to estimate the growth in commercial establishments, it was assumed that the ratio of commercial buildings to population would remain till 2012. As the population has been projected up to 2012, the projected population in 2012 and the ratio of commercial buildings to population is used to calculate the number of commercial buildings in 2012. 


To estimate the annual growth rate in the period from 2006 to 2012, of commercial establishments in Gandhinagar city, and to project the electricity consumptions for the same, the Compound Annual Growth Rate (CAGR) of commercial buildings has been calculated using the following equation,

CAGR = (end value/start value)1/no. of years – 1

The CAGR calculated for commercial buildings is 1.31%. The only source of energy considered in this sector is electricity as use of other sources are negligible. With BAU scenario, projected growth in consumption by 2012 is calculated as 16.7MU.
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Figure 4.5  Projected growth for commercial sector in BAU scenario.

Municipal services

Street lighting

A detailed energy audit study on street lighting of Gandhinagar City was carried out by TERI. In the study, it was found that the following types of lights were used for street lighting in Gandhinagar

· High Pressure Sodium Vapour lamps of 70W, 125W, 150W and 250W; 

· CFL lamps;

· T5 lamps; and

· High-pressure mercury vapour of 250W and 400W.

The study estimated numbers of each type of light, approximate annual hours of operation and the power consumption per type of lighting. The electricity consumption for street lighting at 100% operating load is estimated to be 5.9MU. The details of street lighting systems are given in Annex IIA. However according to Torrent data the annual consumption of electricity for street lighting is 5.63 MU at operating load of 87%. This difference may be due to the fact that  some of the streetlights not in working condition. For the analysis, it has been assumed that the consumption is 5.9MU. Considering the fact that the population growth for Gandhinagar city will not lead to city’s expansion, the number of streets and hence street lighting electricity consumption will increase in the business as usual scenario and the load is taken to be constant till the year 2012. 

Water pumping
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A detailed energy audit of pumps supplying water to Gandhinagar city was undertaken by TERI in order to assess the electricity consumption in pumping for the city. Two sewage pumps stations were also audited. There are two pumping stations in Gandhinagar, Charadi water works and Sarita Udyan water works.  Sarita Udyan water works has three pumps of capacity 450kW each. These operate approximately for 3-4 hours per day. The Charedi water works has 9 pumps. One is of 450kW capacity, 6 pumps are of 135kW capacity, and two pumps of 150kW capacity. These pumps operate for approximately 6 hours per day. The electricity consumption for municipal water pumping as of today is 3.54MU based on Torrent electricity bills. The details of water pumping electricity consumption are given in Annex IIIA. It is assumed that the water consumption would increase at a rate of 1.37% with increase in population. It is projected that by 2012, the energy consumption for water pumping would increase to 3.83MU.

Figure 4.6  Electricity consumption projections for water pumping(BAU Scenario)

GHG emissions
Torrent Power Ltd. supplies electricity to Gandhinagar city. 

The power is drawn from the western regional grid. 

The specific emission factor for western regional grid in the year 2005-06was 0.87 tCO2/MWh as per Central Electricity Authority
. Therefore the total CO2 emissions from the four sectors of Gandhinagar, residential, commercial, munciapl lighting and pumping, are estimated to be 107768 tCO2/annum . The  CO2 emissions are projected to increase  under the business as usual scenario to  116457 tonnes of CO2 emissions by 2012.
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Figure 4.7  GHG emissions from energy supplied to Gandhinagar city

chapter 5  Energy planning

Energy planning is the most important step towards ensuring sustainable energy supply.  A solar city should encompass all the measures to use the natural resources available and also to reduce the energy demand. This is possible only through intelligent planning and diligent implementation. This chapter looks into the energy conservation measures necessary to reduce energy demand and assess the renewable energy resources available through which energy could be generated to reduce dependence on fossil fuels. It will also pave a path to meticulous planning.


Resources

Biomass potential

A survey of 15 villages was conducted by the Forest Department, Gujarat to identify the biomass species and numbers. As per the survey results produced by “Tree wealth of the non-forest areas of Gujarat” Vol.1 & 2 there are about 21 species of trees were identified from the district of which about 25% of trees provide fruit and some among these trees provide fruit and fuel wood as well.


The district has a density of 58 trees per hectare, which is much more than the state average of 16 trees per hectare. The trees are having a good girth and the age is less than 30 years, which indicates the possibility of further growth. About 31% of the trees have 46 to 90 cm girth and 49% of the trees are in the range of 10 to 45 cm girth. These numbers indicate the possibility of pruning biomass and use the same for energy generation.  The different types of trees grown in Gandhinagar and detailed calculations are given in Annex V.

Table 5.1  Biomass potential

	Specifications
	Value
	Units

	Total No.of trees
	12359487
	Nos.

	25% of the total trees (potential)
	3089872
	Nos.

	Biomass
	308987
	Tons/year

	Equivalent electricity
	181757
	MWh/y

	Average operation per day
	10
	H/day

	Potential for power generation
	50
	MW


Municipal solid waste potential

Gandhinagar city with an approximate population of 2 lakh generates 70 tonnes of municipal solid waste. The city houses 42,471 families, which are source of 80% of municipal waste. Four main vegetable and fruit markets under Agriculture Produce Market Committee contribute to an extent of 20% of the total municipal waste. The quantification of the waste is not available for smaller markets and restaurants and hotels. 


Waste generated from the city is collected through a combination of tractor trolleys for leaves and wastes and containers for inert construction wastes. The collected waste is currently dumped in Kolavda dumpsite after lifting from three dumping places. There have been certain initiatives on segregation of waste at source, which is being carried out by 14 agencies responsible for collection, segregation and dumping in containers.


Additional landfill site at Lakavda village has been planned for management of wastes in future. An additional land requirement of 17 Hectares has been projected for next 20 years.


The potential of generation from wastes is around 800kW by biological process and 1008kW from thermo chemical conversion process. The detailed potential estimation is given in Annex VI.

Solar
Ahmedabad, which is the nearest station where long term measurements of solar radiation are available, has an annual average daily total radiation of 521.97MJ/m2 based on actual data collected in the year 91-92. Thus, since Gandhinagar is adjoining to Ahmedabad,  the solar resource availability in Gandhinagar is good and could be widely used in both thermal and power applications.


Planning

Options for energy savings and demand reduction

Residential sector

Potential for electrical energy savings in existing households

The potential for electrical energy saving in existing households lies in retrofitting older lighting devices by energy efficient lighting. It is estimated that 32% of electricity consumed could be saved in residential sector, depending on the number of recommendations that are adopted. 


This can been achieved through the following measures:

· Replacing Tubular Fluorescent Lamps (TFL) of 48 Watt/36 Watt lamps and electromagnetic ballasts (copper chokes) to energy saving T-8 or T-5 TFL of 28 Watt/33 Watt and electronic ballasts. 

· TFL with BEE labelling shall also be an appropriate replacement for existing tube lights.

· Replacing  General Lighting Service (GLS) bulbs of 100-Watt/60 Watt to Compact Fluorescent Lamps (CFL) of 20-Watt/16 Watt.

· Replacing existing ceiling fans that consume 60 Watt to 80 Watt, varying with size and age to energy efficient 50-Watt ceiling fans.

If the above recommendations are adopted, the reduction in peak demand will be to the tune of approximately 22%. In addition to the above measures, the following measures can lead to further electrical energy demand reduction:

· Replacing all existing refrigerators with BEE labelled refrigerators. 

The above measures are recommended for existing homes and can have a significant impact on the reduction of energy demand for the city. Details of energy conservation options are given in Annex IB.

Potential for electrical energy savings in new households

In most situations energy efficiency can be incorporated in a building at the design stage itself. This reduces the dependence on systemic (technological) interventions that increase the building’s demand for electrical energy consumption. 


These design interventions may broadly be divided into:

· External or site-based design measures

· Envelope design measures 

· Internal (interior) design measures
The details of all these measures are discussed in detail in Annex IB.


If the energy efficient devices, as mentioned above are used in residential sector, the total consumption would reduce to 32.2 MU from the present 48.33MU.  However, as the 100% replacement would be difficult and would not take place in short term. With active promotion and facilitation the process can be accelerated.  It was assumed that by 2008, there would be 60% replacement only and therefore the consumption would be 38.6MU compared with 47.9 MU consumption in BAU scenario in 2008. Further, it was assumed that there would be 100% implementation of the above recommendations and thus the consumption in residential sector would reduce to 33.1 MU in solar city scenario in 2012.   There could be more reduction in electricity consumption in residential sector if new and efficient materials as described in Annex IB are used in new buildings. But the projections do not take this into account, since this area is in a nascent stage of development.  The electrical energy demand after incorporating the energy saving options in residential sector as solar city scenario (SC) is shown in Figure 5.1.
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Figure 5.1  Business as usual(BAU) and Solar city (SC) scenario of residential sector

Commercial sector

Data provided by Torrent Power Ltd. indicates that the commercial sector accounts for approximately 20.1% of the total connected electrical load and approximately consumes 11% of the total electricity consumption of Gandhinagar city.

Therefore, energy efficiency in commercial sector plays a very important role in managing city’s electrical energy demand. Energy systems in commercial sector mainly include lighting and space cooling system (fans, air conditioners etc.). 


It has been revealed in studies carried by various organizations in recent past that not much attention has been paid towards energy efficiency in the design of these energy systems. Installed energy systems therefore, waste energy in commercial buildings due to poor efficiency, poor operating practices, lack of appropriate controls add to the energy wastage. Hence there exists a significant potential to improve energy efficiency in existing commercial buildings and subsequent reduction of commercial sector electrical energy demand at city level.


A systematic approach has been followed to study the energy scenario in commercial sector in Gandhinagar. A sample of two buildings namely Old Sachivalaya building (which is an office building) and Megh Malhar building (a shopping complex), were selected as representative buildings for this sector. The study started with collection of types of equipment being used in theses buildings, which is followed by comprehensive energy audit. During energy audit a count of various installed & operating equipment were made and then by using various instruments the operating load of these equipment were measured. The details of the energy audit in commercial buildings are given in Annex IV. Based on the data and analysis, various electrical energy saving measures were finally evolved. 


Two recommendations that are easily implementable are:

· Option-1: Replace existing 40W-TL & 36 W-TL with energy efficient T-5 lamps

· Option-2: Replace existing ceiling fans with energy efficient 50W ceiling fans

Based on these the potential of peak load reduction in commercial buildings is estimated to be 15%.
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Full 100% replacement of these devices would be practically difficult due to resource constraints. However, these could be attempted through an Energy Services Company (ESCO) mode where, the ESCO would make the investment for energy conservation measures and recover the investment through energy savings. The ESCO route could be tried in the office complex initially for ease of implementation. Further, in addition to ESCO mode, the use of energy efficient devices should be promoted through public private partnership. Such an example is in Delhi implemented by the Delhi Transco with manufacturer of CFLs. The details of the Buy One get One programme for promotion of CFLs, being implemented in Delhi  are given in annex VII. The commercial sector in the short term i.e. by 2008 could implement the above options. Hence about 5% reduction in electricity consumption in commercial sector was assumed, as a result from 15.87MU in BAU scenario to 15.47MU can be seen in short term i.e. by 2008. The projected savings of electricity consumption due to these options would be about 7% and 10% by 2010 and 2012 respectively. The energy consumption in the BAU scenario and solar city scenario is shown in Figure 5.2.
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Figure 5.2  BAU and Solar city scenario for commercial sector

In addition to above measures there is a possibility of energy saving in air conditioning units. These are mainly ‘behavioural’ practices than technical interventions. Such good practices for improving energy efficiency of air conditioners are given in Annex IV.

Street lighting

A comprehensive survey of existing street lighting systems has been conducted and various meetings with officials responsible for designing, installation and operation and maintenance were held. The detailed connected load, types of lamps and fixtures and measurements/observations are given in Annex IIA.


Based on the energy audit of street lighting and the analysis following electrical energy demand reduction and conservations options for the street lighting systems have been considered. The details are given in Annex IIB.

· Option-1 Installation of load controller and dusk to dawn timers at the feeders.

Normally the light out put of HPSV and other lamps used in street lighting depends on the operating electrical conditions like discharge current and voltage relation to the vapour pressure. In reality, the lighting control gear or chokes as a unit draws more current than what is required. If a load controller is installed at the feeder pillar it supplies only the optimum current for lamp circuit and reduces the losses in cables, discharges lamp control gears etc. due to the excess current drawn. The total estimated reduction in load demand is 39kW as a result of installation of load controllers. 

It is also recommended that a device or a timer which is sensitive to this seasonal variation and adjusts on & off time based on actual length of day/night should be used. Due to its versatile concept of switching at Sunset and Sunrise Timings throughout year, it gives saving in electrical units, which ultimately result in, reduced electric bills 

· Option-2: Replacement of 400 W HPMV lamps with 250 W HPSV lamps. A reduction in load demand of 45.15 kW is envisaged.

· Option –3: Replacement of 250 W HPMV lamps with 150 W HPSV lamps. A reduction in load demand of 58.7kW is envisaged. In addition, CFL’s could also be powered by solar power.

Load reduction potential

At present the total estimated peak load of exiting street lighting system is approximately 1470.7 kW. After retrofitting of above options there is possibility to reduce connected load by 142.85 kW. Hence there exists a potential to reduce street lighting system’s load by 9.7% in Gandhinagar.


The street lighting sector  in the short term i.e. by 2008 could easily implement the above three options, thereby reducing consumption from 5.9MU to 4.77MU. Further, it was assumed in the business as usual scenario that there would not be any increase in the energy consumption in street lighting in Gandhinagar, the consumption, reduced to 4.77MU in solar city scenario would also remain constant till 2012.

Municipal water pumping

As explained earlier, two water supply schemes namely Charedi water works and Sarita Udyan water works are supplying water to Gandhinagar city. 


The combined peak load of water pumping, based on the data available, could be estimated as 2400 kW. The total annual energy consumption of these two pumping stations is approximately 3.53 million units out of which Charedi water works accounts for 69% and remaining 31% energy is consumed in Sarita Udyan pumping station. The detailed observations and measurements are given in Annex IIIA.


The electrical energy demand reduction and conservation options are discussed below.

· Option-1: Optimization of pump size at Charedi water works.

Presently at Charedi water works, 8 x 135kW and 1 x 450kW pumps are installed to pump water to the overhead tank.  Normally 5 x 135kW and 1 x 450kW pumps are in operation. The efficiency of 135kW pumps is in the range of 65% to 69% while that of 450kW pump it is 59%, which is considered to be less than the rated efficiency. Inefficient practices such as operation of dissimilar pumps was noted. Electrical energy saving opportunity exists if proper sizing of the pump is done. Savings in electricity consumption could be achieved by replacing the present pumps with optimum sized pumps thus increasing their operating efficiencies. Two large capacity pumps (500 kW each) could be installed to reduce power consumption. Expected reduction in power consumption after replacing the pumps will be 227 kW.

· Option2: Re scheduling of bore well operation at Sarita Udyan water works

At Sarita Udyan water works, 3 x 450kW pumps are installed; of which normally 2 x 450kW pumps are operated for 3 hours in a day (during 0500 to 0800 hours). The total measured load from these two pumps works out to 960 kW. The station has a contract demand of 1000 kW. But most of the months the billing demand has exceeded the contract demand due to which, penalty of Rs. 275/kW is being levied for exceeding the contract demand. It is recommended to re schedule the operation of bore wells during off peak time. This will avoid the penalty paid for exceeding the billing demand. From the electricity bills (October 2005 – September 2006) it is seen that Rs. 1.57 lakhs has been paid as penalty charges for billing demand exceeding the contract demand. 


The total load of municipal pumping is estimated to be 2625 kW and this sector has a potential of reduction in load demand by 227kW i.e. 9% of the total load. Details of the energy conservation options are given in Annex IIIB


Both the options could be implemented in the municipal water-pumping sector in the short term (i.e. by 2008). It has been assumed, therefore, that both the energy conservation measure would be taken up by 2008 and from then till 2012 the proportion of savings remains same. By the year 2008 the electricity consumption for water pumping is reduced to 3.23MU, which in BAU scenario would have been 3.63MU. In 2012, the electricity consumption could reduce further from 3.83 MU to 3. 41MU by 2012 in the solar city scenario saving around 0.5MU annually.
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Figure 5.3 Energy consumption in municipal water pumping in BAU and solar city scenario

The total electricity consumption in the four sector analysed in Gandhinage would be around 77.08MU and 16575888 kg of LPG consumption in BAU scenario by 2012. In the solar city scenario, with all the conservation measures in place, it could be seen that Gandhinagar would be consuming around 57.99MU only, which corresponds to a potential saving of 20MU of electricity in 2012. The LPG consumption would reduce to 1316988 kg mainly as a result of use of solar water heating systems. 

Table 5.2  Summary of electricity  consumption in BAU scenario and Solar city scenario 

	 
	Residential sector

(MU)
	Commercial Sector

(MU)
	Street lighting

(MU)
	Water pumping

(MU)

	 
	BAU
	SC
	BAU
	SC
	BAU
	SC
	BAU
	SC

	2006
	46.64
	46.64
	15.47
	15.47
	5.90
	5.90
	3.53
	3.53

	2008
	47.93
	38.63
	15.87
	15.47
	5.90
	4.77
	3.63
	3.23

	2010
	49.25
	33.05
	16.29
	15.57
	5.90
	4.77
	3.73
	3.32

	2012
	50.62
	33.96
	16.72
	15.84
	5.90
	4.77
	3.83
	3.41


Supply side options based on renewables

In addition to the energy conservation measures, use of renewable sources for thermal (heating) as well as power generation were analyzed in a solar city scenario.

Solar water heating systems

It is a well-known fact that solar energy can be used for water heating. The residents of Gandhinagar city use 50% of their total LPG for water heating. Solar water heating systems can be made mandatory for households. However it would take some time by which all the households could make a changeover to solar water heating systems. Therefore, it is assumed that 20% of the households start using solar water heating systems by 2008, 40% by 2010 and about 60% by 2012 would change over to solar water heating systems.

[image: image20.wmf]
Figure 5.4 LPG consumption for water heating purposes

Biomass

Based on the biomass resource assessed, Gandhinagar City has a potential of 50MW power generation from Biomass. The details of biomass available in Gandhinagar City and detailed calculation of potential of power generation is given in Annex V. 


In the short term (i.e. by 2008) it could be planned to develop a Detailed Project Report (DPR) for the biomass based power plant of 5 MW to be commissioned by 2010.  This would produce 35.05MU per annum. A capacity addition of 5 MW in long term could also be planned. This would enable a generation of 70MU of biomass based electrical energy by 2012 from a total installed capacity of 10MW.

Municipal Solid Waste

Gandhinagar City produces around 70 tonnes of waste per annum. The municipal solid waste is expected to contain a large amount of organic fraction, as the major source is household and vegetable markets. Considering the high organic and moisture content in these wastes, use of appropriate technological options are to be used. The details could be found in Annex VI.


Considering the total amount of collected vegetable market wastes (4 TPD), the biogas generation equals 634 m3. This could be used for a 46kW plant. In the short term (i.e. by 2008) a MSW plant of 40kW capacity, only from vegetable market waste could be installed and in the long term (i.e. by 2012), after assessing the performance of the 40kW plant and making all the necessary arrangements for collection and segregation of municipal waste, a 500kW MSW plant could be installed. This could generate around 3.31 MU by 2012.

Solar energy

In addition to the planned use of solar water heating systems, solar photovoltaic systems can also be used for various applications in Gandhinagar. 


Power generated from solar energy could be utilized for supplying power to CFLs in street lighting as well as homes, traffic signals and also be fed into the grid. The street lighting system of Gandhinagar has 537 numbers of 11 wattage CFLs consuming around 0.023MU. These streetlights could be powered with solar PV.


The traffic signals in Gandhinagar would be power using solar PV systems by 2008. 


Solar powered, LED Display Boards could be set up at the strategic locations in the City. These boards would not only display the fact that Gandhinagar is a ‘Solar City’ but also display pollution levels, temperatures updates, and messages useful to general public.


Provision of solar powered lights and fountains in the prominent public gardens and parks in the city (such as Prakruti Udyan, Sarita Udyan, Puneet Van, Rose Garden, and Sector 28 Park) could be made thereby spreading the Solar City message.


In addition, in mid-term grid interactive solar power plants of 100kW could be installed generating around 0.244MU annually. In the long term, Gandhinagar could have 1MW grid feeding plant. This would ensure that 2.46MU of solar energy is being generated by all these plants by 2012 for Gandhinagar city.

Wind power

Gujarat is one of the pioneer states with regards to wind power in India. The estimated potential for Gujarat is 9675MW. As on September 2006 the total installed capacity of Gujarat is 375 MW. It is felt that wind power installations would accelerate, keeping in view the states policies and an enabling environment. It would take time for a model to emerge where a city like Gandhinagar uses off-site (i.e. wind farm installed somewhere else in Gujarat) wind power to compensate the electricity consumption in the city. Therefore it is possible by medium term (i.e by 2010) that around 10MW be installed and by the end of 2012 the total installed capacity would be 20MW generating around         43 MU.

Table 5.3  Annual generation based on different renewable energy sources

	 
	
	2008
	2010
	2012

	MSW
	Installed Capacity  (in kW)
	0
	40
	540

	 
	Annual generation (in MU) 
	0
	0.24528
	3.31128

	 
	
	
	
	 

	Biomass
	Installed Capacity  (in kW)
	0
	5000
	10000

	 
	Annual generation (in MU) 
	0
	35.04
	70.08

	 
	
	
	
	 

	Solar PV
	Installed Capacity  (in kW)
	0
	100
	1100

	 
	Annual generation (in MU) 
	0.023
	0.13688
	1.1618

	 
	
	
	
	 

	Wind
	Installed Capacity  (in kW)
	0
	10000
	20000

	 
	Annual generation (in MU) 
	0
	21.9
	43.8

	Total units generated (MU)
	
	0.023
	57.3
	118.3


Techno-economics of Energy conservation measures.

Residential and commercial

Retrofit options for common area lighting and their life cycle costs has been undertaken. The consumer tariff of Rs.2.7/kWh has been taken in order to carry out the life cycle cost analysis for the retrofits.

1. Replacement of incandescent lamps with compact fluorescent lamps (CFL) in common area lighting within the building. Common area lighting includes portico, reception, and lift landing area, corridors and staircases.

2. Replacement of existing fluorescent lamps in common areas with T-5 lamps

The simple pay back periods for these retrofits are given in Table 5.4. 

Table 5.4  Simple Payback period for equipment

	S. No
	Equipment Name
	Unit cost (Rs.)
	Average no. per house hold
	Total cost per House Hold
	Energy efficient

unit electricity consumption (kWh)
	Ordinary (kWh)
	Simple pay back (Months)

	1
	Complete TFL Luminaire
	800
	3
	2400
	6.72
	13.2
	46

	2
	Tubular Fluorescent Lamp
	130
	3
	390
	6.72
	13.2
	7

	3
	Compact Fluorescent Lamp
	180
	3
	540
	3.6
	14.4
	6


Street lighting

Option I: Installation of load controller

Total street lighting load
: 1300 kW

Load where voltage controller is to be installed
: 390 kW

Estimated power savings @ 10%
: 39 kW

Annual energy savings
: 1.42 lakhs kWh

Value of energy saving potential
: Rs. 4.61 lakh

Cost of Implementation for voltage controllers
: Rs. 4.5 lakh

Simple payback period
: 1.0 year

Option-2: Replacement of 400 W HPMV lamps with 250 W HPSV lamps

Reduction in load by 400 W HPMV

with 250 W HPSV per fixture
: 150 W

Total number of fittings
: 301

Reduction in power consumption
: 45.15 kW

Annual energy savings
: 1.65 lakh kWh

Value of energy saving potential
: Rs. 5.36 lakh

Cost of implementation @ Rs. 3000 per fitting
: Rs. 9.03 lakh

Simple payback period
: 1.7 years

Option -3 Replacement of 250 W HPMV lamps with 150 W HPSV lamps

Reduction in load by replacing 

250 W HPMV with 150 W HPSV per fixture
: 100 W

Total number of fittings
: 587

Reduction in power consumption
:58.7 kW

Annual energy savings
: 2.14 lakh kWh

Value of energy saving potential
: Rs. 6.95 lakh

Cost of implementation @  Rs. 2500 / fitting
: Rs.  14.67 lakh

Simple payback period
: 2.1 years

Municipal pumping

Option-1: Optimize sizing of pumps at Charedi water works

Present power required at Charedi 
: 07 kW

Expected power required after resizing the pumps 
: 680 kW

Reduction in power required
: 27 kW

Annual energy savings
: .97 lakh kWh

Value of energy saving potential
: Rs. 22.86 lakh

Cost of Implementation for resizing of

two pumps and  two motors
: Rs. 60.0 lakh

Simple payback period
: 2.6 years

Option2: Re scheduling of bore well operation at Sarita Udyan water works

Demand savings by avoiding penalty
: Rs. 1.57 lakh

Simple payback period
: Immediate

Solar water heaters

Cost of solar water heater system

for one household (100 LPD)
: Rs 20,000/-

Cost of one LPG cylinder (14kg)
: Rs 300/-

No of LPG cylinders required to 

heat water per household per annum
: 12

Amount spent on LPG for water heating per 

household per annum taking an average of 

4.5 persons per household
: Rs 3,600/-

Pay back period
: 5.5 years

Economic considerations for implementation of RET’s for power generation

Biomass power generation (10W)
: Rs 40 Crores

MSW based power generation (500kW)
: Rs 5 Crores

Wind based power generation (20MW)
: Rs 90 Crores

Solar based power generation (1MW)
: Rs 25 crores

The total connected load of Gandhinagar City is presently 153MW and electricity consumption 191.92MU (including industrial and bulk consumers, which accounts for 127.88MU). The city experiences a peak load of 39MW presently.  In 2012 along with generation based on renewable energy, the installed capacity will be 31.5 MW.


Thus in the solar city scenario there would be

i. reduction in energy consumption as a result of various energy conservation measures in different sectors and 

ii. green energy generation from different renewable energy sources/the short term, medium term and long term reductions in energy consumptions and renewable energy generation are given in Table 5.4 and shown in Figure 5.5.

Table 5.5  Electricity consumption and generation estimates

	
	2006
	2008
	2010
	2012

	Electricity consumption in BAU  (MU)
	198.85
	204.15
	209.61
	215.21

	Electricity consumption in solar city scenario (MU)
	198.85
	192.91
	191.14
	196.12

	Electricity generation from solar PV (MU)
	0
	0.023
	0.13
	1.16

	Electricity generation from MSW (MU)
	0
	0
	0.24
	3.31

	Electricity generation from Wind (MU)
	0
	0
	21.9
	43.8

	Electricity generation from Biomass (MU)
	0
	0
	35.04
	70.08

	Total electricity generation from renewables
	0
	0.023
	57.32
	118.35


The yaer iwse energy consumption in BAU and Solar City scenarios and generation from different renewable energy source is shown in Figure 5.5

Figure 5.5  Overall scenario of Gandhinagar as solar city 
chapter 6  Action plan


To meet Gandhinagar’s growing energy needs, optimizing energy conservation and resource efficiency is needed which would thus reduce per capita electricity demand. This would minimize the need for new generation and reduce emissions. It would enable a cleaner environment with reduced greenhouse gases and other pollutants, thereby addressing the environmental concerns.


As a matter of priority, in order to develop Gandhinagar as a Solar City, the principal government agencies should be committed to:

· Discussing critical energy issues jointly through open meetings and ongoing informal communication.

· Sharing of information and analyses to minimize duplication, maximize a common understanding and ensure a broad basis for decision-making.

· Continuing progress in meeting the environmental goals and standards, including minimizing the energy sector’s impact on local and global environment.

Based on the analysis of potential for demand side measures along with that of supply side augmentation through renewable energy technologies, the following targets are proposed for Gandhinagar in order to develop it as a “Solar City”.  These targets are based on the detailed energy audits in Gandhinagar and renewable resource potential assessment.

Table 6.1  Targets for energy conservation generation  and green house gas emission reduction

	Description
	Target

	
	Short Term 

(till 2008)
	Medium Term

(till 2010)
	Long Term 

(till 2012)

	1. Energy Conservation*
	Reduction in present energy consumption 

	1.1 Residential sector
	19%
	33%
	33%

	1.2 Commercial sector
	3%
	4%
	5%

	1.3 a Municipal sector (Water pumping)
	11%
	11%
	11%

	1.3 a Municipal sector (Street lighting)
	19%
	19%
	91%

	2. Coverage of solar water heating systems (as a proportion of total heating demand in residential and commercial sectors) 
	20%
	40%
	60%

	3. Renewable energy based electricity generation
	0.0 MW
	15.14 MW
	31.54 MW

	GHG emission reduction (tCO2/annum)
	9814
	80849
	150359


* As a percentage of reduction in energy consumption over projected consumption in BAU scenario

The short-term targets for energy conservation are based on the energy conservation options identified in the energy audit. To achieve the medium and long-term targets the key implementation points of the proposed Integrated. Development Plan to make Gandhinagar a Solar City are summarized below:

Implementation plan

· A “Solar City Cell” may be established within an appropriate government department. 

· For implementation of Solar City project, the following two empowered committees may be set up to provide overall guidance:

· A state-level Committee under the chairmanship of the Chief Secretary and

· A district- level Committee under the chairmanship of the District Collector, Gandhinagar

· The Solar City Cell may take advantage of the grant-in-aid (for energy consultancy as well as incremental cost of building construction for a few buildings) being provided by Bureau of Energy Efficiency (BEE) to design a few pilot energy efficient buildings in the city, in accordance with Energy Conservation Building Code (ECBC). The possibility of availing incentives provided by the central government for solar passive buildings may also be availed. 

· The Solar City Cell may work closely with the state government and the Gandhinagar Notified Area Authority:

· To get ECBC notified immediately

· To ensure that the building bye-laws are changed in accordance with it

· To ensure that all upcoming non-residential buildings are brought under the ambit of ECBC and incorporate the relevant green buildings elements.

· The state government may mandate Torrent Power Ltd. to distribute the quality CFLs to its consumers at concessional prices or on easy payment terms. 

· For instance, in Delhi, BSES is promoting CFLs through “Buy One Get 1 Free CFL Offer”. There is no restriction on the number of CFL bulbs a customer can buy.

· GEDA may initiate a dialogue with the Gujarat Electricity Regulatory Authority for introducing rebate on electricity tariff for the domestic consumers, which employ solar devices.

· To begin with, the energy conservation measures in the municipal services may be taken up immediately.

· At least 20% of the energy needed for water heating in the residential and commercial buildings may be required to come from solar energy, by 2008.

· GEDA may initiate DPR preparation for (i) 5 MW biomass based power plant and (ii) 40 kW power plant based on municipal solid waste (mainly vegetable waste).

· Utilizing central government schemes, GEDA/ Gandhinagar Notified Area Authority may initiate installation of solar-based LED traffic lights, solar street lights, building integrated solar PV, and other relevant solar products on a priority basis.

· GEDA may mount a focused and sustained campaign on “Solar City” covering all media resources - including print, radio, and television. 

· In order to showcase Gandhinagar City as a Solar City, The following may be taken up on priority.

· Urja Park: Energy – cum –Science Park may be established in a central location in Gandhinagar as an inviting place for social gatherings and to provide public education about issues of sustainable energy in a friendly, non-technical atmosphere.

· Urja Bhawan: GEDA office and Solar City Cell may be housed in a new building, constructed in accordance with ECBC and other efficient/green building concepts.  The Urja Bhawan may also have Building Integrated Solar PV as well as Solar based space conditioning system.  

· The following projects may be taken up through public-private partnership: 

· Setting up solar powered, LED Display Boards at the strategic locations in the City. These boards would not only display the fact that Gandhinagar is a `Solar City’ but also display pollution levels, temperatures updates, and messages useful to general public.

· Provision of solar powered lights and fountains in the prominent public gardens and parks in the city (such as Prakruti Udyan, Sarita Udyan, Puneet Van, Rose Garden, and Sector 28 Park), thereby spreading the Solar City message.

· Prominent office complexes like the Sachivalayas and Udyog Bhavan may also have solar powered displays as well as battery operated vehicles for intra-complex transportation.

· GEDA along with Torrent Power Ltd. may begin engaging the public through sustained awareness campaigns about the benefits of energy conservation and renewable energy; including local elected representatives and school children.



In Delhi, BSES has been educating its consumers about the need to conserve power though Synergy – its bi-monthly, bi-lingual newsletter, newspaper inserts, and pamphlets distributed at melas from time to time.



Likewise, NDPL has launched Energy Conservation campaign in Schools.

· GEDA may start organizing a series of training programme on `Green buildings’ for the planners; architects; electrical, HVAC, and lighting consultants; and engineers involved in the building sector. 

· GEDA, in close cooperation with the BEE, may initiate creation of accredited certifiers who can then be engaged by the house owners/builders/developers for obtaining the energy conservation compliance certificates.

· GEDA may initiate public-private partnership (e.g. working closely with the associations of the local traders and manufacturers) to propagate energy efficient appliances, which include ’Energy Star’ appliances.

· Under Solar City endeavour, one of the key action points could be to replace traffic signals having incandescent lamps with those with energy saving LEDs, along with solar controllers. Similarly, CFL based streetlights; lights in the parks, gardens, and roundabouts may be replaced with solar lights.  

· To encourage adoption of energy conservation, energy efficient equipment/appliances, as well as renewable energy systems; GEDA may introduce specific, time-bound financial incentives for Gandhinagar.

· Towards this, the route of Energy Services Company (ESCOs) may also be explored.

· GEDA may assist Gandhinagar Notified Area Authority, PWD, and other concerned departments in accessing capital for energy conservation and efficiency projects at favourable terms. For this purpose, State Energy Conservation Fund, as prescribed by EC Act 2001, may be accessed.

· The industrial sector is also one of the major energy consuming sector. GEDA, may enhance the present scheme for promoting energy audits in the industrial scoter. Further, GEDA may undertake awareness campaign in industries in Gandhinagar for energy conservation. This can be undertaken in partnership with the  local industry association. 


Capacity building and awareness generation 

· In order to inculcate energy conservation techniques in the common architecture. It is essential that all the practitioners be properly trained in energy-efficient or “Green” architecture. GEDA may, therefore, organize a series of training programme for the planners; architects; electrical, HVAC, and lighting consultants; and engineers involved in the building sector, These courses, tailor-made to suit different levels, would have to be imparted to all the professionals, in public as well as in private sector – on a regular basis.

· Suitable training modules, including the regular updates, may have to be developed and delivered for (a) accreditation of professionals for building certification and (b) for the quality improvement of the accredited certifiers.

· Of particular importance is the training for front-line workers and technicians regarding energy conservation and efficiency, this would not only ensure successful implementation of such measures but also their sustainability and replication.

· Specific training programmes are required for those in the supervisory role, for effective monitoring of energy demand, enabling them to take preventive/corrective actions in time.

· The public awareness and education being central to successful changeover to solar city, it is imperative for GEDA to engage the public through sustained awareness campaigns and communicate the benefits of energy conservation and renewable energy to different user-groups; including local elected representatives.

· GEDA may mount a focused and sustained campaign on “Solar City” and its features encompassing all media resources - including print, radio, and television. Apart from specific recommendations, such campaigns must inform public about the places from energy efficient/renewable energy devices and services can be procured.

· A key component of the awareness creation campaign would be to capture school children’s attention towards energy-efficiency and clean future. Thus, the campaign for the school children will include the following elements:

· Inter-school essay and drawing competitions

· Inter-school quizzes

· Workshops and seminars

· Exhibitions and demonstrations

· Field trips

· GEDA may involve Torrent Power Limited to mount a public campaign on energy conservation utilizing the regular communication that Torrent sends to its consumer’s e.g. monthly electricity bills.


Budget estimation for Solar City initiative

As outlined above, the action plan for making Gandhinagar has various components and actions, which include implementation of energy conservation in Government buildings, as well as commercial and residential sectors. Further the action plan also includes activities related to implementation of different renewable energy technologies for different applications. These actions are of different types like direct implementation, awareness creation, providing subsidy and other promotional measures. Based on the different activities/ initiatives suggested in the action plan a tentative budget for undertaking these activities has been prepared for short term (till 2008), medium term (till 2010) and long term (till 2012). The different activities are classified in five broad groups for preparation of budget, namely:

· Awareness campaign

· Subsidy/grants

· Implementation

· Training

· Policy studies.

The budget estimated for making Gandhinagar as a solar city is given in table 6.2.

Table 6.2  Budget estimated for implementation of different activities for making Gandhinagar as a Solar City

	Category
	Short term 

2008
	Medium Term 

2010
	Long Term 

2012

	Awareness creation
	20.25
	23.00
	20.00

	Subsidy
	76.47
	96.87
	116.83

	Direct implementation
	739.45
	7650.00
	10500.00

	Training
	23.00
	5.00
	5.00

	Policy
	3.00
	2.00
	2.00

	Total 
	862.17
	7776.87
	10643.83


(Figures in Lakh Rs)
The detailed break up of these activities for different sectors and activities is given in Annex VIII.

Energy unit�
Conversion factor for kWh�
�
Litres of light diesel oil�
8.3�
�
Litres of high speed diesel�
8.5�
�
Kg of liquefied petroleum gas�
13.9�
�
Standard cubic metres of Pipe Natural Gas�
7.0�
�
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Box: CFL programme of BSES, Delhi





BSES Yamuna, one of the distribution companies in Delhi launched on October 25, 2006 “Buy One, Get One Free CFL” scheme. As per BSES, this scheme launched in association with Indo Asian Fusegear Limited (a CFL manufacturer) has exceeded all expectations. In about five months’ time over 3.5 lakh CFLs have been sold.  Savings accruing from these CFLs is estimated to result in a reduction in maximum demand by nearly 23 MW at a given point of time – enough to power eight average shopping malls in Delhi and saving of over 33 million units of electricity annually. 





An interesting trend observed was that the 15 Watt CFL is the most popular among the customers (over 1.47 lakh CFLs bought) followed by the 20 W CFL (over 1 lakh CFLs sold). 
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� Estimated for hot water temperature of 60 oC.


� Torrent Power 2006, Data about electricity supply situation and Monthwise consumption of Gandhinagar (2005-06). 


� http://cea.nic.in/planning/c%20and%20e/Government%20of%20India%20website.htm
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		2016		84.9

		2017		86.1

		2018		87.2

		2019		88.4

		2020		89.6

		2021		90.9

		2022		92.1

		2023		93.4

		2024		94.7

		2025		96

		2026		97.3

		2027		98.6

		2028		99.9

		2029		101.3

		2030		102.7





original

		Type of House		Appliance		Watts		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		5.3		1934.5		4049811

				tubelight		40		15549		2.3		7.8		2847		4072735

				fridge		100		6908		1		6		2190		1512948

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.5		182.5		1507217

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		13.2		3564		8813442

				tv		80		13312		1.01		6.8		2482		2669606

														total kWh		22771847

								15701						total MU		22.8

		MEC		bulb		60		15375		2.6		5.3		1934.5		4639970

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		6		2190		2665682

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.5		182.5		1297766

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		13.2		3564		12082815

				tv		80		15696		1.02		7.6		2774		3552821

																29715322

														total MU		29.7

		HEC		bulb		60		10124		2.9		6.9		2518.5		4436389

		10626		tubelight		40		10626		3.7		7.8		2847		4477329

				fridge		100		9351		1		6		2190		2047843

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.5		182.5		867371

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		13.2		3564		9941154

				tv		80		10356		1.08		6.8		2482		2220687

																24197228

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		24.2

				Appliance		Total consumption (kWh)

				bulb		13126170

				tubelight		13571731

				fridge		6226473

				washing machine		185516

				iron		3672355

				room cooler		621625

				fans		30837412

				tv		8443115

				total MU		76.7
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load

				Supply load MU		peak load MU		fraction		Demand load MU						Supply load MU		Demand load MU

		April		3.57		4.96		0.7197580645		5.5				April		3.57		5.5

		May		4.2		4.96		0.8467741935		6.5				May		4.2		6.5

		June		4.96		4.96		1		7.7				June		4.96		7.7

		July		4.8		4.96		0.9677419355		7.4				July		4.8		7.4

		August		4.52		4.96		0.9112903226		7.0				August		4.52		7.0

		September		4.56		4.96		0.9193548387		7.0				September		4.56		7.0

		October		4.14		4.96		0.8346774194		6.4				October		4.14		6.4

		November		3.5		4.96		0.7056451613		5.4				November		3.5		5.4

		December		2.78		4.96		0.560483871		4.3				December		2.78		4.3

		January		2.61		4.96		0.5262096774		4.0				January		2.61		4.0

		February		2.76		4.96		0.5564516129		4.3				February		2.76		4.3

		March		3.22		4.96		0.6491935484		5.0				March		3.22		5.0

				total						70.5						total		70.5

				6.4		7.6676328502





supply

		

				2006				2009				2012				2015

		Source		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU

		MSW

		Biomass





graphs

		RESULTS

		energy consumption MU

				Residential sector				Commercial Sector				Street lighting				Water pumping				Supply

				BAU		SC		BAU		SC		BAU		SC		BAU		SC

		2006		46.413358794		46.413358794		15.4		15.4		5.90233105		5.90233105		3.03753		3.03753

		2009		48.3349921027		32.3933560065		16.2846527579		12.2134895684		5.90233105		4.79		3.55		3.12

		2012		50.3592082856		33.7499241089		16.9338382395		12.7003786796		5.90233105		4.79		3.70		3.25

		2015		52.4573032568		35.1560338283		17.6072306373		13.205422978		5.90233105		4.79		3.8511577506		3.38

																								BAU

																								Residential		46.413358794

																								Commercial		15.4

																								Street Lighting		5.90233105

																								Muncipal Water Pumping		3.83

																								2006		2009		2012		2015

																						LEC		13.3		13.9		14.4		15

																						MEC		18.9		19.6		20.5		21.3

																						HEC		14.2		14.8		15.5		16.1

																										2006		2009		2012		2015

																								Commercial		15.4		16.3		16.9		17.6

																														2006		2009		2012		2015

																												water pumping		3.86		4.38		4.53		4.68

																																		GHG

																																		1.1109522045

																																						LPG

																																		2391480

																																						156009.5		26209596

																																				617.1174683902

																																						2006		2009		2012		2015

																																				Total LPG consumption		2.62E+07		2.73E+07		2.84E+07		2.96E+07

																																				LPG consumed for water heating		8.26E+06		8.60E+06		8.96E+06		9.33E+06
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		4		1460		3056461

				tubelight		40		15549		2.3		7		2555		3655018

				fridge		100		6908		1		3		1095		756474

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.25		45.625		376804

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		5		1200		2967489

				tv		80		13312		1.01		6		2190		2355535

														total kWh		13313869

								15701						total MU		13.3

		42471

		MEC		bulb		60		15375		2.6		5		1825		4377330

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		3		1095		1332841

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.25		45.625		324442

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		5		1200		4068288

				tv		80		15696		1.02		7		2555		3272335

																18851504

														total MU		18.9

		HEC		bulb		60		10124		2.9		5		1825		3214775

		10626		tubelight		40		10626		3.7		7		2555		4018116

				fridge		100		9351		1		3		1095		1023921

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.25		45.625		216843

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		5		1200		3347190

				tv		80		10356		1.08		6.8		2482		2220687

																14247987

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.2

				Appliance		Total consumption (kWh)

				bulb		10648566

				tubelight		12694802

				fridge		3113236

				washing machine		185516

				iron		918089

				room cooler		621625

				fans		10382967

				tv		7848557

				total MU		46.4

		Commercial				0.0022006288

		commercial customers (elec consumers)		consumption MU		connected load MW		torrent data*

		6998		15.4		31.3		0.4920127796

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		0.023716605

		HPSV		70		1729		121.03		0.48593545

		GLS		100		3818		381.8		1.532927

		HPSV		125		305		38.125		0.153071875

		HPSV		150		1636		245.4		0.985281

		HPSV		250		1339		334.75		1.34402125

		HPMV		250		587		146.75		0.58920125

		HPMV		400		301		120.4		0.483406

		Tube light (T-5)		14		5422		75.908		0.30477062

						total MU		1470.1		5.9		5.73

		Water Pumping

		Water pumping: per capita energy consumption

		Population		energy consumption Charedi MU, eff: 58.6-69.4%		energy consumption Saritha Udyan  MU, eff: 75%		Total energy consumption MU		per capita energy consumption(in kWh/pp)

		200000		2.0958957		0.9416343		3.03753		15.1877

								3.86753

								kWh

				eff: 67%		ch		1986330

						su		1051200				0.83

						sewage						24.770943385

								3037530

		67% charedi		per person kW		0.009335

		85% charedi		per person kW		0.0082
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		15797		2.3		4		1460		848747

				tubelight		28		16192		2.3		7		2555		2664269

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		750		8600		1		0.25		45.625		294285

				room cooler		250		114		1		6		540		15451

				fans		50		16350		2.1		5		1200		2060100

				tv		80		13862		1.01		6		2190		2452901

														total kWh		9260169

								16350						total MU		9.3

		MEC		bulb		16		16019		2.6		5		1825		1216166

		16820		tubelight		28		16753		3.1		6.9		2518.5		3662358

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		750		7409		1		0.25		45.625		253520

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		50		16820		2.8		5		1200		2825760

				tv		80		16353		1.02		7		2555		3409358

																13229449

														total MU		13.2

		HEC		bulb		16		10537		2.9		5		1825		892287

		11060		tubelight		28		11060		3.7		7		2555		2927560

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		750		4947		1		0.25		45.625		169275

				room cooler		250		483		1		8.5		1530		184601

				fans		50		11060		3.5		5		1200		2322600

				tv		80		10778		1.08		6.8		2482		2311387

																9903737

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		9.9

				Appliance		Total consumption (kWh)

				bulb		2957200

				tubelight		9254187

				fridge		3242136

				washing machine		193183

				iron		717079

				room cooler		647464

				fans		7208460

				tv		8173646

				total MU		32.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		12.2		24.82				from 2009 onwards the connected load reduces by 15% for SC scenario.

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Water pumping: per capita energy consumption

		Population		Power kW		hours		energy consumption MU

		208333		1708.33		1825.00		3.12
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15797		2.3		4		1460		3182800

				tubelight		40		16192		2.3		7		2555		3806098

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		1000		8600		1		0.25		45.625		392380

				room cooler		250		114		1		6		540		15451

				fans		75		16350		2.1		5		1200		3090150

				tv		80		13862		1.01		6		2190		2452901

														total kWh		13864197

								16350						total MU		13.9

		44230

		MEC		bulb		60		16019		2.6		5		1825		4560623

		16820		tubelight		40		16753		3.1		6.9		2518.5		5231941

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		1000		7409		1		0.25		45.625		338027

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		75		16820		2.8		5		1200		4238640

				tv		80		16353		1.02		7		2555		3409358

																19640875

														total MU		19.6

		HEC		bulb		60		10537		2.9		5		1825		3346076

		11060		tubelight		40		11060		3.7		7		2555		4182228

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		1000		4947		1		0.25		45.625		225699

				room cooler		250		483		1		8.5		1530		184601

				fans		75		11060		3.5		5		1200		3483900

				tv		80		10778		1.08		6.8		2482		2311387

																14829920

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.8

				Appliance		Total consumption (kWh)

				bulb		11089499

				tubelight		13220267

				fridge		3242136

				washing machine		193183

				iron		956106

				room cooler		647464

				fans		10812690

				tv		8173646

				total MU		48.3

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		16.3		33.10

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		208333		1944.79		1825.00		3.55

								4.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		16454		2.3		4		1460		884046

				tubelight		28		16865		2.3		7		2555		2775076

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		750		8958		1		0.25		45.625		306524

				room cooler		250		119		1		6		540		16093

				fans		50		17030		2.1		5		1200		2145780

				tv		80		14438		1.01		6		2190		2554918

														total kWh		9645301

								17030						total MU		9.6

		MEC		bulb		16		16686		2.6		5		1825		1266779

		17520		tubelight		28		17450		3.1		6.9		2518.5		3814775

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		750		7717		1		0.25		45.625		264071

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		50		17520		2.8		5		1200		2943360

				tv		80		17033		1.02		7		2555		3551246

																13780021

														total MU		13.8

		HEC		bulb		16		10985		2.9		5		1825		930205

		11530		tubelight		28		11530		3.7		7		2555		3051968

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		750		5157		1		0.25		45.625		176468

				room cooler		250		503		1		8.5		1530		192446

				fans		50		11530		3.5		5		1200		2421300

				tv		80		11237		1.08		6.8		2482		2409611

																10324602

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.3

				Appliance		Total consumption (kWh)

				bulb		3081031

				tubelight		9641820

				fridge		3377979

				washing machine		201246

				iron		747063

				room cooler		674572

				fans		7510440

				tv		8515774

				total MU		33.7

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		12.7		25.81

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		1779.51		1825.00		3.25
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16454		2.3		4		1460		3315173

				tubelight		40		16865		2.3		7		2555		3964395

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		1000		8958		1		0.25		45.625		408699

				room cooler		250		119		1		6		540		16093

				fans		75		17030		2.1		5		1200		3218670

				tv		80		14438		1.01		6		2190		2554918

														total kWh		14440812

								17030						total MU		14.4

		46080

		MEC		bulb		60		16686		2.6		5		1825		4750423

		17520		tubelight		40		17450		3.1		6.9		2518.5		5449679

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		1000		7717		1		0.25		45.625		352095

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		75		17520		2.8		5		1200		4415040

				tv		80		17033		1.02		7		2555		3551246

																20458272

														total MU		20.5

		HEC		bulb		60		10985		2.9		5		1825		3488269

		11530		tubelight		40		11530		3.7		7		2555		4359954

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		1000		5157		1		0.25		45.625		235291

				room cooler		250		503		1		8.5		1530		192446

				fans		75		11530		3.5		5		1200		3631950

				tv		80		11237		1.08		6.8		2482		2409611

																15460125

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.5

				Appliance		Total consumption (kWh)

				bulb		11553866

				tubelight		13774028

				fridge		3377979

				washing machine		201246

				iron		996084

				room cooler		674572

				fans		11265660

				tv		8515774

				total MU		50.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		16.9		34.42

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		2025.82		1825.00		3.70

								4.53
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17140		2.3		4		1460		920903

				tubelight		28		17569		2.3		7		2555		2890772

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		750		9331		1		0.25		45.625		319303

				room cooler		250		124		1		6		540		16764

				fans		50		17740		2.1		5		1200		2235240

				tv		80		15040		1.01		6		2190		2661435

														total kWh		10047425

								17740						total MU		10.0

		MEC		bulb		16		17381		2.6		5		1825		1319562

		18250		tubelight		28		18178		3.1		6.9		2518.5		3973724

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		750		8039		1		0.25		45.625		275074

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		50		18250		2.8		5		1200		3066000

				tv		80		17743		1.02		7		2555		3699214

																14354189

														total MU		14.4

		HEC		bulb		16		11442		2.9		5		1825		968930

		12010		tubelight		28		12010		3.7		7		2555		3179023

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		750		5372		1		0.25		45.625		183814

				room cooler		250		524		1		8.5		1530		200458

				fans		50		12010		3.5		5		1200		2522100

				tv		80		11704		1.08		6.8		2482		2509924

																10754420

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.8

				Appliance		Total consumption (kWh)

				bulb		3209395

				tubelight		10043520

				fridge		3518708

				washing machine		209634

				iron		778192

				room cooler		702672

				fans		7823340

				tv		8870574

				total MU		35.2

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		13.2		26.84

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		1853.65		1825.00		3.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17140		2.3		4		1460		3453387

				tubelight		40		17569		2.3		7		2555		4129675

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		1000		9331		1		0.25		45.625		425738

				room cooler		250		124		1		6		540		16764

				fans		75		17740		2.1		5		1200		3352860

				tv		80		15040		1.01		6		2190		2661435

														total kWh		15042865

								17740						total MU		15.0

		48000

		MEC		bulb		60		17381		2.6		5		1825		4948357

		18250		tubelight		40		18178		3.1		6.9		2518.5		5676749

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		1000		8039		1		0.25		45.625		366765

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		75		18250		2.8		5		1200		4599000

				tv		80		17743		1.02		7		2555		3699214

																21310700

														total MU		21.3

		HEC		bulb		60		11442		2.9		5		1825		3633488

		12010		tubelight		40		12010		3.7		7		2555		4541461

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		1000		5372		1		0.25		45.625		245086

				room cooler		250		524		1		8.5		1530		200458

				fans		75		12010		3.5		5		1200		3783150

				tv		80		11704		1.08		6.8		2482		2509924

																16103738

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		16.1

				Appliance		Total consumption (kWh)

				bulb		12035232

				tubelight		14347885

				fridge		3518708

				washing machine		209634

				iron		1037589

				room cooler		702672

				fans		11735010

				tv		8870574

				total MU		52.5

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		17.6		35.79

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		2110.22		1825.00		3.85

								4.68
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Energy demand (final units| en

		Demand: Energy demand (final units: energy only)

		Scenario: Baseline,  Fuel: All Fuels

		Units: million   kilowatt-hour

				2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030

		Residential		74.1		75.1		76.1		77.2		78.2		79.3		80.4		81.5		82.6		83.7		84.9		86.1		87.2		88.4		89.6		90.9		92.1		93.4		94.7		96		97.3		98.6		99.9		101.3		102.7

		Commercial Buildings		15.5		15.7		15.9		16.1		16.3		16.5		16.7		16.9		17.2		17.4		17.6		17.9		18.1		18.3		18.6		18.8		19.1		19.3		19.6		19.8		20.1		20.3		20.6		20.9		21.1

		Street Lighting		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8

		Water Pumping		3.4		3.5		3.6		3.7		3.8		3.9		4		4.1		4.1		4.2		4.3		4.4		4.5		4.6		4.7		4.8		4.8		4.9		5		5.1		5.2		5.3		5.4		5.5		5.5

		Industrial		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8

		Total		176.6		177.9		179.2		180.5		181.9		183.3		184.7		186.1		187.5		188.9		190.4		191.9		193.4		194.9		196.4		198		199.6		201.2		202.8		204.4		206.1		207.8		209.5		211.2		213

		Year		Residential MU

		2006		74.1

		2007		75.1

		2008		76.1

		2009		77.2

		2010		78.2

		2011		79.3

		2012		80.4

		2013		81.5

		2014		82.6

		2015		83.7

		2016		84.9

		2017		86.1

		2018		87.2

		2019		88.4

		2020		89.6

		2021		90.9

		2022		92.1

		2023		93.4

		2024		94.7

		2025		96

		2026		97.3

		2027		98.6

		2028		99.9

		2029		101.3

		2030		102.7





original

		Type of House		Appliance		Watts		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		5.3		1934.5		4049811

				tubelight		40		15549		2.3		7.8		2847		4072735

				fridge		100		6908		1		6		2190		1512948

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.5		182.5		1507217

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		13.2		3564		8813442

				tv		80		13312		1.01		6.8		2482		2669606

														total kWh		22771847

								15701						total MU		22.8

		MEC		bulb		60		15375		2.6		5.3		1934.5		4639970

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		6		2190		2665682

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.5		182.5		1297766

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		13.2		3564		12082815

				tv		80		15696		1.02		7.6		2774		3552821

																29715322

														total MU		29.7

		HEC		bulb		60		10124		2.9		6.9		2518.5		4436389

		10626		tubelight		40		10626		3.7		7.8		2847		4477329

				fridge		100		9351		1		6		2190		2047843

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.5		182.5		867371

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		13.2		3564		9941154

				tv		80		10356		1.08		6.8		2482		2220687

																24197228

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		24.2

				Appliance		Total consumption (kWh)

				bulb		13126170

				tubelight		13571731

				fridge		6226473

				washing machine		185516

				iron		3672355

				room cooler		621625

				fans		30837412

				tv		8443115

				total MU		76.7





original

		0

		0

		0

		0

		0

		0

		0

		0





load

				Supply load MU		peak load MU		fraction		Demand load MU						Supply load MU		Demand load MU

		April		3.57		4.96		0.7197580645		5.5				April		3.57		5.5

		May		4.2		4.96		0.8467741935		6.5				May		4.2		6.5

		June		4.96		4.96		1		7.7				June		4.96		7.7

		July		4.8		4.96		0.9677419355		7.4				July		4.8		7.4

		August		4.52		4.96		0.9112903226		7.0				August		4.52		7.0

		September		4.56		4.96		0.9193548387		7.0				September		4.56		7.0

		October		4.14		4.96		0.8346774194		6.4				October		4.14		6.4

		November		3.5		4.96		0.7056451613		5.4				November		3.5		5.4

		December		2.78		4.96		0.560483871		4.3				December		2.78		4.3

		January		2.61		4.96		0.5262096774		4.0				January		2.61		4.0

		February		2.76		4.96		0.5564516129		4.3				February		2.76		4.3

		March		3.22		4.96		0.6491935484		5.0				March		3.22		5.0

				total						70.5						total		70.5

				6.4		7.6676328502





supply

		

				2006				2009				2012				2015

		Source		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU

		MSW

		Biomass





graphs

		RESULTS

		energy consumption MU

																												2006		2008		2010		2012

				Residential sector				Commercial Sector				Street lighting				Water pumping				Supply						BAU		71.48		73.79		75.92		78.11

				BAU		SC		BAU		SC		BAU		SC		BAU		SC				198.78				SC		71.48		59.56		55.46		57.09

		2006		46.6488640232		46.6488640232		15.4		15.4		5.90233105		5.90233105		3.53		3.53				71.48		71.48

		2008		47.9353857043		37.0152711562		16.2846527579		14.6561874821		5.90233105		4.77		3.67		3.12				73.79		59.56

		2010		49.2583510511		33.0538553387		16.9338382395		14.3937625036		5.90233105		4.77		3.83		3.25				75.92		55.46

		2012		50.6232729352		33.9698425446		17.6072306373		14.9661460417		5.90233105		4.77		3.98		3.38				78.11		57.09

																								BAU

																								Residential		46.6488640232

																								Commercial		15.4

																								Street Lighting		5.90233105

																								Muncipal Water Pumping		3.83

																				57.09						71.7811950732

																						21.03

																				78.11

																				88.2675031234

																								45.8823529412

																								2006		2008		2010		2012

																						LEC		13.3		13.6		14		14.4

																						MEC		18.7		19.3		19.8		20.3

																						HEC		14.6		15		15.5		15.9

				2006		2008		2010		2012														46.60				49.3		50.6

		MU		71.48		73.79		75.92		78.11

		Emissions		80.7737504327		83.3853775488		85.7947079849		88.2675031234

				2006		2008		2010		2012

		Emissions		80.8890384237		84.6383729766		87.8264164379		91.1309573868

				2006		2012

				122739		137901				137901

																										2006		2008		2010		2012

																								Commercial		15.4		15.87		16.29		16.72

																										20.174		26.42794		21.3399

																												1.0305194805		1.0264650284		1.0263965623

		Water(latest)																										2.48

		2006						2009						2012						2015

		3.53		3.578361		3.6273845457		3.677079714		3.7274557061		3.7785218492		3.8302875986		3.8827625387		3.9359563854		3.9898789879

		3.12		3.162744		3.2060735928		3.249996801		3.2945217572		3.3396567053		3.3854100021		3.4317901192		3.4788056438		3.5264652811

				2006		2009		2010		2012

		BAU		3.53		3.62		3.72		3.83

		SC		3.53		3.12		3.24		3.38		3.52		3.24		3.38		3.52																				2006		2009		2012		2015

																												water pumping		3.86		4.38		4.53		4.68

																																														980000

																																														142.0289855072

																																		GHG

																																		1.1109522045

																																						LPG

																																		2391480

																																						84942		14270256

																																				313.9010580498

																																				140

																																						2006		2008		2010		2012

																																				Total LPG consumption		1.43E+07		1.47E+07		1.51E+07		15485681

																																				LPG consumed for water heating		6.36E+06		6.54E+06		6.72E+06		6.91E+06

																																												16128000

																																																														BAU		SC		BAU		SC		BAU		SC		BAU		SC

																																																										LPG Consumption (in kg)				6607351.31447368		6607351.31447368		6881004.65350877		4053194.52192982		7168815.15789474		2749682.52631579		7467515.78947368		1943600

																																																																				2827810.13157895				4419132.63157895				5523915.78947368

																																																										LPG										Ghg emissions

																																				2006		2009		2012		2015						2006		2009		2012		2015				2006		2009		2012		2015				2006		2009		2012		2015

																																		BAU		199.125689844		202.0719759107		204.9053775751		207.8268649441				Energy consumption in BAU		199.125689844		202.0719759107		204.9053775751		207.8268649441				14270256		14861280		15482880		16128000				270676.84872369		275897.428779042		281088.292659826		286453.957386831

																																		SC		199.125689844		180.372012115		182.3453655285		184.3918330763				Energy consumption in solar city scenario		199.125689844		180.372012115		182.3453655285		184.3918330763				14270256		12033469.8684211		11063747.3684211		10604084.2105263				270676.84872369		242327.477268873		241454.254626153		242295.840849895

																																		Green electricity generation		0		35.95		93.01		168.06				Energy generation from solar PV		0		0		0.11388		1.1388														0		0		128.6844		1286.844

																																														Energy generation from MSW		0		0.9198		0.9198		7.0518														0		1039.374		1039.374		7968.534

																																														Energy generation from Wind		0		0		21.9		54.75														0		0		24747		61867.5

																																														Energy generation from Biomass		0		35.04		70.08		105.12														0		39595.2		79190.4		118785.6

																																																																				0		74204.5255101689		144739.496433673		234066.594536936
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16238		2.3		4		1460		3271568

		16806		tubelight		40		16644		2.3		6		2190		3353357

				fridge		100		7395		1		3		1095		809713

				washing machine		230		4291		1		0.39		142.35		140486

				iron		1000		8840		1		0.25		45.625		403323

				room cooler		250		118		1		6		540		15882

				fans		75		16806		2.1		5		1200		3176334

				tv		80		14249		1.01		5		1825		2101093

														total kWh		13271756

														total MU		13.3

		MEC		bulb		60		16457		2.6		4		1460		3748279

		17280		tubelight		40		17211		3.1		6		2518.5		5375026

				fridge		100		13029		1		3		1095		1426629

				washing machine		230		823		1		0.39		142.35		26941

				iron		1000		7611		1		0.25		45.625		347271

				room cooler		250		1303		1		9.8		1411.2		459648						4.6149137058

				fans		75		17280		2.8		5		1200		4354560

				tv		80		16800		1.02		6		2190		3002227

																18740581

														total MU		18.7

		HEC		bulb		60		10836		2.9		5		1825		3441073

		11374		tubelight		40		11374		3.7		6		2190		3686541

				fridge		100		10009		1		3		1095		1095999

				washing machine		230		951		1		0.39		142.35		31145

				iron		1000		5087		1		0.25		45.625		232107

				room cooler		250		496		1		8.5		1530		189842

				fans		75		11374		3.5		5		1200		3582810

				tv		80		11084		1.08		6.8		2482		2377009

																14636527

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.6

																46.6

				Appliance		Total consumption (kWh)

				bulb		10460920

				tubelight		12414924

				fridge		3332340

				washing machine		198572

				iron		982702

				room cooler		665372

				fans		11113704

				tv		7480330

				total MU		46.6

		Commercial				0.0022006288

		commercial customers (elec consumers)		consumption MU		connected load MW		torrent data*

		6998		15.4		31.3		0.4920127796

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		0.023716605

		HPSV		70		1729		121.03		0.48593545

		GLS		100		3818		381.8		1.532927

		HPSV		125		305		38.125		0.153071875

		HPSV		150		1636		245.4		0.985281

		HPSV		250		1339		334.75		1.34402125

		HPMV		250		587		146.75		0.58920125

		HPMV		400		301		120.4		0.483406

		Tube light (T-5)		14		5422		75.908		0.30477062

						total MU		1470.1		5.9		5.73

		Water Pumping

		Water pumping: per capita energy consumption

		Population		energy consumption Charedi MU, eff: 58.6-69.4%		energy consumption Saritha Udyan  MU, eff: 75%		Total energy consumption MU		per capita energy consumption(in kWh/pp)

		200000		2.0958957		0.9416343		3.03753		15.1877

								3.86753

								kWh

				eff: 67%		ch		1986330

						su		1051200				0.83

						sewage						24.770943385

								3037530

		67% charedi		per person kW		0.009335

		85% charedi		per person kW		0.0082
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		16686		2.3		4		1460		896505

		17270		tubelight		28		17103		2.3		6		2190		2412158

				fridge		100		7599		1		3		1095		832069

				washing machine		230		4409		1		0.39		142.35		144365

				iron		750		9084		1		0.25		45.625		310844

				room cooler		250		121		1		6		540		16320

				fans		50		17270		2.1		5		1200		2176020

				tv		80		14642		1.01		5		1825		2159103

														total kWh		8947384

														total MU		8.9

		MEC		bulb		16		16911		2.6		4		1460		1027133

		17757		tubelight		28		17687		3.1		6		2518.5		3866379

				fridge		100		13388		1		3		1095		1466009

				washing machine		230		846		1		0.39		142.35		27684

				iron		750		7822		1		0.25		45.625		267643

				room cooler		250		1339		1		9.8		1411.2		472336

				fans		50		17757		2.8		5		1200		2983176

				tv		80		17264		1.02		6		2190		3085101

																13195462

														total MU		13.2

		HEC		bulb		16		11135		2.9		5		1825		942871

		11687		tubelight		28		11687		3.7		6		2190		2651593

				fridge		100		10285		1		3		1095		1126159

				washing machine		230		977		1		0.39		142.35		32002

				iron		750		5227		1		0.25		45.625		178871

				room cooler		250		510		1		8.5		1530		195067

				fans		50		11687		3.5		5		1200		2454270

				tv		80		11390		1.08		6.8		2482		2442422

																10023256

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.0

																32.17		48.3		16.13		0.3340351625

				Appliance		Total consumption (kWh)

				bulb		2866509

				tubelight		8930131

				fridge		3424237

				washing machine		204052

				iron		757358

				room cooler		683723

				fans		7613466

				tv		7686626

				total MU		32.2

						48.33

						16.2

						11.3147288438

						37.0152711562

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		14.7		29.79				from 2009 onwards the connected load reduces by 15% for SC scenario.

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Water pumping: per capita energy consumption

		Population		Power kW		hours		energy consumption MU

		208333		1708.33		1825.00		3.12
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16686		2.3		4		1460		3361893

				tubelight		40		17103		2.3		6		2190		3445941

				fridge		100		7599		1		3		1095		832069

				washing machine		230		4409		1		0.39		142.35		144365

				iron		1000		9084		1		0.25		45.625		414458

				room cooler		250		121		1		6		540		16320

				fans		75		17270		2.1		5		1200		3264030

				tv		80		14642		1.01		5		1825		2159103

														total kWh		13638179

								17270						total MU		13.6

		46714

		MEC		bulb		60		16911		2.6		4		1460		3851747

		17757		tubelight		40		17687		3.1		6		2518.5		5523399

				fridge		100		13388		1		3		1095		1466009

				washing machine		230		846		1		0.39		142.35		27684

				iron		1000		7822		1		0.25		45.625		356858

				room cooler		250		1339		1		9.8		1411.2		472336

				fans		75		17757		2.8		5		1200		4474764

				tv		80		17264		1.02		6		2190		3085101

																19257899

														total MU		19.3

		HEC		bulb		60		11135		2.9		5		1825		3535768

		11687		tubelight		40		11687		3.7		6		2190		3787990

				fridge		100		10285		1		3		1095		1126159

				washing machine		230		977		1		0.39		142.35		32002

				iron		1000		5227		1		0.25		45.625		238494

				room cooler		250		510		1		8.5		1530		195067

				fans		75		11687		3.5		5		1200		3681405

				tv		80		11390		1.08		6.8		2482		2442422

																15039308

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.0

				Appliance		Total consumption (kWh)

				bulb		10749408

				tubelight		12757330

				fridge		3424237

				washing machine		204052

				iron		1009810

				room cooler		683723

				fans		11420199

				tv		7686626

				total MU		47.9

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		16.3		33.10

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		208333		1944.79		1825.00		3.55

								4.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17146		2.3		4		1460		921215

				tubelight		28		17575		2.3		6		2190		2478643

				fridge		100		7808		1		3		1095		855002

				washing machine		230		4531		1		0.39		142.35		148344

				iron		750		9334		1		0.25		45.625		319411

				room cooler		250		124		1		6		540		16770

				fans		50		17746		2.1		5		1200		2235996

				tv		80		15046		1.01		5		1825		2218613

														total kWh		9193994

								17746						total MU		9.2

		MEC		bulb		16		17378		2.6		4		1460		1055476

		18247		tubelight		28		18175		3.1		6		2518.5		3973071

				fridge		100		13758		1		3		1095		1506464

				washing machine		230		869		1		0.39		142.35		28448

				iron		750		8037		1		0.25		45.625		275029

				room cooler		250		1376		1		9.8		1411.2		485370

				fans		50		18247		2.8		5		1200		3065496

				tv		80		17740		1.02		6		2190		3170234

																13559588

														total MU		13.6

		HEC		bulb		16		11442		2.9		5		1825		968930

		12010		tubelight		28		12010		3.7		6		2190		2724877

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		750		5372		1		0.25		45.625		183814

				room cooler		250		524		1		8.5		1530		200458

				fans		50		12010		3.5		5		1200		2522100

				tv		80		11704		1.08		6.8		2482		2509924

																10300274

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.3

				Appliance		Total consumption (kWh)

				bulb		2945621

				tubelight		9176591

				fridge		3518750

				washing machine		209679

				iron		778254

				room cooler		702598

				fans		7823592

				tv		7898771

				total MU		33.1

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		14.4		29.25

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		1779.51		1825.00		3.25
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17146		2.3		4		1460		3454555

				tubelight		40		17575		2.3		6		2190		3540919

				fridge		100		7808		1		3		1095		855002

				washing machine		230		4531		1		0.39		142.35		148344

				iron		1000		9334		1		0.25		45.625		425882

				room cooler		250		124		1		6		540		16770

				fans		75		17746		2.1		5		1200		3353994

				tv		80		15046		1.01		5		1825		2218613

														total kWh		14014078

								17746						total MU		14.0

		48003

		MEC		bulb		60		17378		2.6		4		1460		3958035

		18247		tubelight		40		18175		3.1		6		2518.5		5675816

				fridge		100		13758		1		3		1095		1506464

				washing machine		230		869		1		0.39		142.35		28448

				iron		1000		8037		1		0.25		45.625		366705

				room cooler		250		1376		1		9.8		1411.2		485370

				fans		75		18247		2.8		5		1200		4598244

				tv		80		17740		1.02		6		2190		3170234

																19789316

														total MU		19.8

		HEC		bulb		60		11442		2.9		5		1825		3633488

		12010		tubelight		40		12010		3.7		6		2190		3892681

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		1000		5372		1		0.25		45.625		245086

				room cooler		250		524		1		8.5		1530		200458

				fans		75		12010		3.5		5		1200		3783150

				tv		80		11704		1.08		6.8		2482		2509924

																15454958

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.5

				Appliance		Total consumption (kWh)

				bulb		11046078

				tubelight		13109416

				fridge		3518750

				washing machine		209679

				iron		1037673

				room cooler		702598

				fans		11735388

				tv		7898771

				total MU		49.3

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		16.9		34.42

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		2025.82		1825.00		3.70

								4.53
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17619		2.3		4		1460		946651

				tubelight		28		18060		2.3		6		2190		2547083

				fridge		100		8024		1		3		1095		878610

				washing machine		230		4656		1		0.39		142.35		152440

				iron		750		9592		1		0.25		45.625		328231

				room cooler		250		128		1		6		540		17233

				fans		50		18236		2.1		5		1200		2297736

				tv		80		15461		1.01		5		1825		2279873

														total kWh		9447857

								18236						total MU		9.4

		MEC		bulb		16		17863		2.6		4		1460		1084918

		18756		tubelight		28		18682		3.1		6		2518.5		4083900

				fridge		100		14141		1		3		1095		1548486

				washing machine		230		893		1		0.39		142.35		29242

				iron		750		8262		1		0.25		45.625		282701

				room cooler		250		1414		1		9.8		1411.2		498910

				fans		50		18756		2.8		5		1200		3151008

				tv		80		18235		1.02		6		2190		3258667

																13937832

														total MU		13.9

		HEC		bulb		16		11758		2.9		5		1825		995634

		12341		tubelight		28		12341		3.7		6		2190		2799975

				fridge		100		10860		1		3		1095		1189179

				washing machine		230		1032		1		0.39		142.35		33793

				iron		750		5520		1		0.25		45.625		188880

				room cooler		250		539		1		8.5		1530		205983

				fans		50		12341		3.5		5		1200		2591610

				tv		80		12027		1.08		6.8		2482		2579099

																10584153

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.6

				Appliance		Total consumption (kWh)

				bulb		3027204

				tubelight		9430958

				fridge		3616276

				washing machine		215475

				iron		799812

				room cooler		722125

				fans		8040354

				tv		8117639

				total MU		34.0

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		15.0		30.42

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		1853.65		1825.00		3.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17619		2.3		4		1460		3549941

				tubelight		40		18060		2.3		6		2190		3638690

				fridge		100		8024		1		3		1095		878610

				washing machine		230		4656		1		0.39		142.35		152440

				iron		1000		9592		1		0.25		45.625		437641

				room cooler		250		128		1		6		540		17233

				fans		75		18236		2.1		5		1200		3446604

				tv		80		15461		1.01		5		1825		2279873

														total kWh		14401032

								18236						total MU		14.4

		49333

		MEC		bulb		60		17863		2.6		4		1460		4068444

		18756		tubelight		40		18682		3.1		6		2518.5		5834143

				fridge		100		14141		1		3		1095		1548486

				washing machine		230		893		1		0.39		142.35		29242

				iron		1000		8262		1		0.25		45.625		376934				220800

				room cooler		250		1414		1		9.8		1411.2		498910

				fans		75		18756		2.8		5		1200		4726512

				tv		80		18235		1.02		6		2190		3258667

																20341339

														total MU		20.3

		HEC		bulb		60		11758		2.9		5		1825		3733628

		12341		tubelight		40		12341		3.7		6		2190		3999965

				fridge		100		10860		1		3		1095		1189179

				washing machine		230		1032		1		0.39		142.35		33793

				iron		1000		5520		1		0.25		45.625		251841

				room cooler		250		539		1		8.5		1530		205983

				fans		75		12341		3.5		5		1200		3887415

				tv		80		12027		1.08		6.8		2482		2579099

																15880902

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.9

				Appliance		Total consumption (kWh)

				bulb		11352014

				tubelight		13472797

				fridge		3616276

				washing machine		215475

				iron		1066416

				room cooler		722125

				fans		12060531

				tv		8117639

				total MU		50.6

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		17.6		35.79

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		2110.22		1825.00		3.85

								4.68
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Energy demand (final units| en

		Demand: Energy demand (final units: energy only)

		Scenario: Baseline,  Fuel: All Fuels

		Units: million   kilowatt-hour

				2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030

		Residential		74.1		75.1		76.1		77.2		78.2		79.3		80.4		81.5		82.6		83.7		84.9		86.1		87.2		88.4		89.6		90.9		92.1		93.4		94.7		96		97.3		98.6		99.9		101.3		102.7

		Commercial Buildings		15.5		15.7		15.9		16.1		16.3		16.5		16.7		16.9		17.2		17.4		17.6		17.9		18.1		18.3		18.6		18.8		19.1		19.3		19.6		19.8		20.1		20.3		20.6		20.9		21.1

		Street Lighting		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8

		Water Pumping		3.4		3.5		3.6		3.7		3.8		3.9		4		4.1		4.1		4.2		4.3		4.4		4.5		4.6		4.7		4.8		4.8		4.9		5		5.1		5.2		5.3		5.4		5.5		5.5

		Industrial		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8

		Total		176.6		177.9		179.2		180.5		181.9		183.3		184.7		186.1		187.5		188.9		190.4		191.9		193.4		194.9		196.4		198		199.6		201.2		202.8		204.4		206.1		207.8		209.5		211.2		213

		Year		Residential MU

		2006		74.1

		2007		75.1

		2008		76.1

		2009		77.2

		2010		78.2

		2011		79.3

		2012		80.4

		2013		81.5

		2014		82.6

		2015		83.7

		2016		84.9

		2017		86.1

		2018		87.2

		2019		88.4

		2020		89.6

		2021		90.9

		2022		92.1

		2023		93.4

		2024		94.7

		2025		96

		2026		97.3

		2027		98.6

		2028		99.9

		2029		101.3

		2030		102.7





original

		Type of House		Appliance		Watts		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		5.3		1934.5		4049811

				tubelight		40		15549		2.3		7.8		2847		4072735

				fridge		100		6908		1		6		2190		1512948

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.5		182.5		1507217

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		13.2		3564		8813442

				tv		80		13312		1.01		6.8		2482		2669606

														total kWh		22771847

								15701						total MU		22.8

		MEC		bulb		60		15375		2.6		5.3		1934.5		4639970

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		6		2190		2665682

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.5		182.5		1297766

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		13.2		3564		12082815

				tv		80		15696		1.02		7.6		2774		3552821

																29715322

														total MU		29.7

		HEC		bulb		60		10124		2.9		6.9		2518.5		4436389

		10626		tubelight		40		10626		3.7		7.8		2847		4477329

				fridge		100		9351		1		6		2190		2047843

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.5		182.5		867371

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		13.2		3564		9941154

				tv		80		10356		1.08		6.8		2482		2220687

																24197228

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		24.2

				Appliance		Total consumption (kWh)

				bulb		13126170

				tubelight		13571731

				fridge		6226473

				washing machine		185516

				iron		3672355

				room cooler		621625

				fans		30837412

				tv		8443115

				total MU		76.7





original

		0

		0

		0

		0

		0

		0

		0

		0





load

				Supply load MU		peak load MU		fraction		Demand load MU						Supply load MU		Demand load MU

		April		3.57		4.96		0.7197580645		5.5				April		3.57		5.5

		May		4.2		4.96		0.8467741935		6.5				May		4.2		6.5

		June		4.96		4.96		1		7.7				June		4.96		7.7

		July		4.8		4.96		0.9677419355		7.4				July		4.8		7.4

		August		4.52		4.96		0.9112903226		7.0				August		4.52		7.0

		September		4.56		4.96		0.9193548387		7.0				September		4.56		7.0

		October		4.14		4.96		0.8346774194		6.4				October		4.14		6.4

		November		3.5		4.96		0.7056451613		5.4				November		3.5		5.4

		December		2.78		4.96		0.560483871		4.3				December		2.78		4.3

		January		2.61		4.96		0.5262096774		4.0				January		2.61		4.0

		February		2.76		4.96		0.5564516129		4.3				February		2.76		4.3

		March		3.22		4.96		0.6491935484		5.0				March		3.22		5.0

				total						70.5						total		70.5

				6.4		7.6676328502





supply

		

				2006				2009				2012				2015

		Source		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU

		MSW

		Biomass





graphs

		RESULTS

		energy consumption MU

																												2006		2008		2010		2012

				Residential sector				Commercial Sector				Street lighting				Water pumping				Supply						BAU		71.48		73.79		75.92		78.11

				BAU		SC		BAU		SC		BAU		SC		BAU		SC				198.78				SC		71.48		59.56		55.46		57.09

		2006		46.6488640232		46.6488640232		15.4		15.4		5.90233105		5.90233105		3.53		3.53				71.48		71.48

		2008		47.9353857043		37.0152711562		16.2846527579		14.6561874821		5.90233105		4.77		3.67		3.12				73.79		59.56

		2010		49.2583510511		33.0538553387		16.9338382395		14.3937625036		5.90233105		4.77		3.83		3.25				75.92		55.46

		2012		50.6232729352		33.9698425446		17.6072306373		14.9661460417		5.90233105		4.77		3.98		3.38				78.11		57.09

																								BAU

																								Residential		46.6488640232

																								Commercial		15.4

																								Street Lighting		5.90233105

																								Muncipal Water Pumping		3.83

																				57.09						71.7811950732

																						21.03

																				78.11

																				88.2675031234

																								45.8823529412

																								2006		2008		2010		2012

																						LEC		13.3		13.6		14		14.4

																						MEC		18.7		19.3		19.8		20.3

																						HEC		14.6		15		15.5		15.9

				2006		2008		2010		2012														46.60				49.3		50.6

		MU		71.48		73.79		75.92		78.11

		Emissions		80.7737504327		83.3853775488		85.7947079849		88.2675031234

				2006		2008		2010		2012

		Emissions		80.8890384237		84.6383729766		87.8264164379		91.1309573868

				2006		2012

				122739		137901				137901

																										2006		2008		2010		2012

																								Commercial		15.4		15.87		16.29		16.72

																										20.174		26.42794		21.3399

																												1.0305194805		1.0264650284		1.0263965623

		Water(latest)																										2.48

		2006						2009						2012						2015

		3.53		3.578361		3.6273845457		3.677079714		3.7274557061		3.7785218492		3.8302875986		3.8827625387		3.9359563854		3.9898789879

		3.12		3.162744		3.2060735928		3.249996801		3.2945217572		3.3396567053		3.3854100021		3.4317901192		3.4788056438		3.5264652811

				2006		2009		2010		2012

		BAU		3.53		3.62		3.72		3.83

		SC		3.53		3.12		3.24		3.38		3.52		3.24		3.38		3.52																				2006		2008		2010		2012

																												water pumping		3.54		3.62		3.72		3.83

																																														980000

																																														142.0289855072

																																		GHG

																																		1.1109522045

																																						LPG

																																		2391480

																																						84942		14270256

																																				313.9010580498

																																				140

																																						2006		2008		2010		2012

																																				Total LPG consumption		1.43E+07		1.47E+07		1.51E+07		15485681

																																				LPG consumed for water heating		6.36E+06		6.54E+06		6.72E+06		6.91E+06

																																												16128000

																																																														BAU		SC		BAU		SC		BAU		SC		BAU		SC

																																																										LPG Consumption (in kg)				6607351.31447368		6607351.31447368		6881004.65350877		4053194.52192982		7168815.15789474		2749682.52631579		7467515.78947368		1943600

																																																																				2827810.13157895				4419132.63157895				5523915.78947368

																																																										LPG										Ghg emissions

																																				2006		2009		2012		2015						2006		2009		2012		2015				2006		2009		2012		2015				2006		2009		2012		2015

																																		BAU		199.125689844		202.0719759107		204.9053775751		207.8268649441				Energy consumption in BAU		199.125689844		202.0719759107		204.9053775751		207.8268649441				14270256		14861280		15482880		16128000				270676.84872369		275897.428779042		281088.292659826		286453.957386831

																																		SC		199.125689844		180.372012115		182.3453655285		184.3918330763				Energy consumption in solar city scenario		199.125689844		180.372012115		182.3453655285		184.3918330763				14270256		12033469.8684211		11063747.3684211		10604084.2105263				270676.84872369		242327.477268873		241454.254626153		242295.840849895

																																		Green electricity generation		0		35.95		93.01		168.06				Energy generation from solar PV		0		0		0.11388		1.1388														0		0		128.6844		1286.844

																																														Energy generation from MSW		0		0.9198		0.9198		7.0518														0		1039.374		1039.374		7968.534

																																														Energy generation from Wind		0		0		21.9		54.75														0		0		24747		61867.5

																																														Energy generation from Biomass		0		35.04		70.08		105.12														0		39595.2		79190.4		118785.6

																																																																				0		74204.5255101689		144739.496433673		234066.594536936
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16238		2.3		4		1460		3271568

		16806		tubelight		40		16644		2.3		6		2190		3353357

				fridge		100		7395		1		3		1095		809713

				washing machine		230		4291		1		0.39		142.35		140486

				iron		1000		8840		1		0.25		45.625		403323

				room cooler		250		118		1		6		540		15882

				fans		75		16806		2.1		5		1200		3176334

				tv		80		14249		1.01		5		1825		2101093

														total kWh		13271756

														total MU		13.3

		MEC		bulb		60		16457		2.6		4		1460		3748279

		17280		tubelight		40		17211		3.1		6		2518.5		5375026

				fridge		100		13029		1		3		1095		1426629

				washing machine		230		823		1		0.39		142.35		26941

				iron		1000		7611		1		0.25		45.625		347271

				room cooler		250		1303		1		9.8		1411.2		459648						4.6149137058

				fans		75		17280		2.8		5		1200		4354560

				tv		80		16800		1.02		6		2190		3002227

																18740581

														total MU		18.7

		HEC		bulb		60		10836		2.9		5		1825		3441073

		11374		tubelight		40		11374		3.7		6		2190		3686541

				fridge		100		10009		1		3		1095		1095999

				washing machine		230		951		1		0.39		142.35		31145

				iron		1000		5087		1		0.25		45.625		232107

				room cooler		250		496		1		8.5		1530		189842

				fans		75		11374		3.5		5		1200		3582810

				tv		80		11084		1.08		6.8		2482		2377009

																14636527

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.6

																46.6

				Appliance		Total consumption (kWh)

				bulb		10460920

				tubelight		12414924

				fridge		3332340

				washing machine		198572

				iron		982702

				room cooler		665372

				fans		11113704

				tv		7480330

				total MU		46.6

		Commercial				0.0022006288

		commercial customers (elec consumers)		consumption MU		connected load MW		torrent data*

		6998		15.4		31.3		0.4920127796

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		0.023716605

		HPSV		70		1729		121.03		0.48593545

		GLS		100		3818		381.8		1.532927

		HPSV		125		305		38.125		0.153071875

		HPSV		150		1636		245.4		0.985281

		HPSV		250		1339		334.75		1.34402125

		HPMV		250		587		146.75		0.58920125

		HPMV		400		301		120.4		0.483406

		Tube light (T-5)		14		5422		75.908		0.30477062

						total MU		1470.1		5.9		5.73

		Water Pumping

		Water pumping: per capita energy consumption

		Population		energy consumption Charedi MU, eff: 58.6-69.4%		energy consumption Saritha Udyan  MU, eff: 75%		Total energy consumption MU		per capita energy consumption(in kWh/pp)

		200000		2.0958957		0.9416343		3.03753		15.1877

								3.86753

								kWh

				eff: 67%		ch		1986330

						su		1051200				0.83

						sewage						24.770943385

								3037530

		67% charedi		per person kW		0.009335

		85% charedi		per person kW		0.0082
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		16686		2.3		4		1460		896505

		17270		tubelight		28		17103		2.3		6		2190		2412158

				fridge		100		7599		1		3		1095		832069

				washing machine		230		4409		1		0.39		142.35		144365

				iron		750		9084		1		0.25		45.625		310844

				room cooler		250		121		1		6		540		16320

				fans		50		17270		2.1		5		1200		2176020

				tv		80		14642		1.01		5		1825		2159103

														total kWh		8947384

														total MU		8.9

		MEC		bulb		16		16911		2.6		4		1460		1027133

		17757		tubelight		28		17687		3.1		6		2518.5		3866379

				fridge		100		13388		1		3		1095		1466009

				washing machine		230		846		1		0.39		142.35		27684

				iron		750		7822		1		0.25		45.625		267643

				room cooler		250		1339		1		9.8		1411.2		472336

				fans		50		17757		2.8		5		1200		2983176

				tv		80		17264		1.02		6		2190		3085101

																13195462

														total MU		13.2

		HEC		bulb		16		11135		2.9		5		1825		942871

		11687		tubelight		28		11687		3.7		6		2190		2651593

				fridge		100		10285		1		3		1095		1126159

				washing machine		230		977		1		0.39		142.35		32002

				iron		750		5227		1		0.25		45.625		178871

				room cooler		250		510		1		8.5		1530		195067

				fans		50		11687		3.5		5		1200		2454270

				tv		80		11390		1.08		6.8		2482		2442422

																10023256

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.0

																32.17		48.3		16.13		0.3340351625

				Appliance		Total consumption (kWh)

				bulb		2866509

				tubelight		8930131

				fridge		3424237

				washing machine		204052

				iron		757358

				room cooler		683723

				fans		7613466

				tv		7686626

				total MU		32.2

						48.33

						16.2

						11.3147288438

						37.0152711562

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		14.7		29.79				from 2009 onwards the connected load reduces by 15% for SC scenario.

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Water pumping: per capita energy consumption

		Population		Power kW		hours		energy consumption MU

		208333		1708.33		1825.00		3.12
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16686		2.3		4		1460		3361893

				tubelight		40		17103		2.3		6		2190		3445941

				fridge		100		7599		1		3		1095		832069

				washing machine		230		4409		1		0.39		142.35		144365

				iron		1000		9084		1		0.25		45.625		414458

				room cooler		250		121		1		6		540		16320

				fans		75		17270		2.1		5		1200		3264030

				tv		80		14642		1.01		5		1825		2159103

														total kWh		13638179

								17270						total MU		13.6

		46714

		MEC		bulb		60		16911		2.6		4		1460		3851747

		17757		tubelight		40		17687		3.1		6		2518.5		5523399

				fridge		100		13388		1		3		1095		1466009

				washing machine		230		846		1		0.39		142.35		27684

				iron		1000		7822		1		0.25		45.625		356858

				room cooler		250		1339		1		9.8		1411.2		472336

				fans		75		17757		2.8		5		1200		4474764

				tv		80		17264		1.02		6		2190		3085101

																19257899

														total MU		19.3

		HEC		bulb		60		11135		2.9		5		1825		3535768

		11687		tubelight		40		11687		3.7		6		2190		3787990

				fridge		100		10285		1		3		1095		1126159

				washing machine		230		977		1		0.39		142.35		32002

				iron		1000		5227		1		0.25		45.625		238494

				room cooler		250		510		1		8.5		1530		195067

				fans		75		11687		3.5		5		1200		3681405

				tv		80		11390		1.08		6.8		2482		2442422

																15039308

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.0

				Appliance		Total consumption (kWh)

				bulb		10749408

				tubelight		12757330

				fridge		3424237

				washing machine		204052

				iron		1009810

				room cooler		683723

				fans		11420199

				tv		7686626

				total MU		47.9

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		16.3		33.10

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		208333		1944.79		1825.00		3.55

								4.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17146		2.3		4		1460		921215

				tubelight		28		17575		2.3		6		2190		2478643

				fridge		100		7808		1		3		1095		855002

				washing machine		230		4531		1		0.39		142.35		148344

				iron		750		9334		1		0.25		45.625		319411

				room cooler		250		124		1		6		540		16770

				fans		50		17746		2.1		5		1200		2235996

				tv		80		15046		1.01		5		1825		2218613

														total kWh		9193994

								17746						total MU		9.2

		MEC		bulb		16		17378		2.6		4		1460		1055476

		18247		tubelight		28		18175		3.1		6		2518.5		3973071

				fridge		100		13758		1		3		1095		1506464

				washing machine		230		869		1		0.39		142.35		28448

				iron		750		8037		1		0.25		45.625		275029

				room cooler		250		1376		1		9.8		1411.2		485370

				fans		50		18247		2.8		5		1200		3065496

				tv		80		17740		1.02		6		2190		3170234

																13559588

														total MU		13.6

		HEC		bulb		16		11442		2.9		5		1825		968930

		12010		tubelight		28		12010		3.7		6		2190		2724877

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		750		5372		1		0.25		45.625		183814

				room cooler		250		524		1		8.5		1530		200458

				fans		50		12010		3.5		5		1200		2522100

				tv		80		11704		1.08		6.8		2482		2509924

																10300274

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.3

				Appliance		Total consumption (kWh)

				bulb		2945621

				tubelight		9176591

				fridge		3518750

				washing machine		209679

				iron		778254

				room cooler		702598

				fans		7823592

				tv		7898771

				total MU		33.1

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		14.4		29.25

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		1779.51		1825.00		3.25
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17146		2.3		4		1460		3454555

				tubelight		40		17575		2.3		6		2190		3540919

				fridge		100		7808		1		3		1095		855002

				washing machine		230		4531		1		0.39		142.35		148344

				iron		1000		9334		1		0.25		45.625		425882

				room cooler		250		124		1		6		540		16770

				fans		75		17746		2.1		5		1200		3353994

				tv		80		15046		1.01		5		1825		2218613

														total kWh		14014078

								17746						total MU		14.0

		48003

		MEC		bulb		60		17378		2.6		4		1460		3958035

		18247		tubelight		40		18175		3.1		6		2518.5		5675816

				fridge		100		13758		1		3		1095		1506464

				washing machine		230		869		1		0.39		142.35		28448

				iron		1000		8037		1		0.25		45.625		366705

				room cooler		250		1376		1		9.8		1411.2		485370

				fans		75		18247		2.8		5		1200		4598244

				tv		80		17740		1.02		6		2190		3170234

																19789316

														total MU		19.8

		HEC		bulb		60		11442		2.9		5		1825		3633488

		12010		tubelight		40		12010		3.7		6		2190		3892681

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		1000		5372		1		0.25		45.625		245086

				room cooler		250		524		1		8.5		1530		200458

				fans		75		12010		3.5		5		1200		3783150

				tv		80		11704		1.08		6.8		2482		2509924

																15454958

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.5

				Appliance		Total consumption (kWh)

				bulb		11046078

				tubelight		13109416

				fridge		3518750

				washing machine		209679

				iron		1037673

				room cooler		702598

				fans		11735388

				tv		7898771

				total MU		49.3

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		16.9		34.42

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		2025.82		1825.00		3.70

								4.53
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17619		2.3		4		1460		946651

				tubelight		28		18060		2.3		6		2190		2547083

				fridge		100		8024		1		3		1095		878610

				washing machine		230		4656		1		0.39		142.35		152440

				iron		750		9592		1		0.25		45.625		328231

				room cooler		250		128		1		6		540		17233

				fans		50		18236		2.1		5		1200		2297736

				tv		80		15461		1.01		5		1825		2279873

														total kWh		9447857

								18236						total MU		9.4

		MEC		bulb		16		17863		2.6		4		1460		1084918

		18756		tubelight		28		18682		3.1		6		2518.5		4083900

				fridge		100		14141		1		3		1095		1548486

				washing machine		230		893		1		0.39		142.35		29242

				iron		750		8262		1		0.25		45.625		282701

				room cooler		250		1414		1		9.8		1411.2		498910

				fans		50		18756		2.8		5		1200		3151008

				tv		80		18235		1.02		6		2190		3258667

																13937832

														total MU		13.9

		HEC		bulb		16		11758		2.9		5		1825		995634

		12341		tubelight		28		12341		3.7		6		2190		2799975

				fridge		100		10860		1		3		1095		1189179

				washing machine		230		1032		1		0.39		142.35		33793

				iron		750		5520		1		0.25		45.625		188880

				room cooler		250		539		1		8.5		1530		205983

				fans		50		12341		3.5		5		1200		2591610

				tv		80		12027		1.08		6.8		2482		2579099

																10584153

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.6

				Appliance		Total consumption (kWh)

				bulb		3027204

				tubelight		9430958

				fridge		3616276

				washing machine		215475

				iron		799812

				room cooler		722125

				fans		8040354

				tv		8117639

				total MU		34.0

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		15.0		30.42

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		1853.65		1825.00		3.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17619		2.3		4		1460		3549941

				tubelight		40		18060		2.3		6		2190		3638690

				fridge		100		8024		1		3		1095		878610

				washing machine		230		4656		1		0.39		142.35		152440

				iron		1000		9592		1		0.25		45.625		437641

				room cooler		250		128		1		6		540		17233

				fans		75		18236		2.1		5		1200		3446604

				tv		80		15461		1.01		5		1825		2279873

														total kWh		14401032

								18236						total MU		14.4

		49333

		MEC		bulb		60		17863		2.6		4		1460		4068444

		18756		tubelight		40		18682		3.1		6		2518.5		5834143

				fridge		100		14141		1		3		1095		1548486

				washing machine		230		893		1		0.39		142.35		29242

				iron		1000		8262		1		0.25		45.625		376934				220800

				room cooler		250		1414		1		9.8		1411.2		498910

				fans		75		18756		2.8		5		1200		4726512

				tv		80		18235		1.02		6		2190		3258667

																20341339

														total MU		20.3

		HEC		bulb		60		11758		2.9		5		1825		3733628

		12341		tubelight		40		12341		3.7		6		2190		3999965

				fridge		100		10860		1		3		1095		1189179

				washing machine		230		1032		1		0.39		142.35		33793

				iron		1000		5520		1		0.25		45.625		251841

				room cooler		250		539		1		8.5		1530		205983

				fans		75		12341		3.5		5		1200		3887415

				tv		80		12027		1.08		6.8		2482		2579099

																15880902

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.9

				Appliance		Total consumption (kWh)

				bulb		11352014

				tubelight		13472797

				fridge		3616276

				washing machine		215475

				iron		1066416

				room cooler		722125

				fans		12060531

				tv		8117639

				total MU		50.6

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		17.6		35.79

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		2110.22		1825.00		3.85

								4.68
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Energy demand (final units| en

		Demand: Energy demand (final units: energy only)

		Scenario: Baseline,  Fuel: All Fuels

		Units: million   kilowatt-hour

				2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030

		Residential		74.1		75.1		76.1		77.2		78.2		79.3		80.4		81.5		82.6		83.7		84.9		86.1		87.2		88.4		89.6		90.9		92.1		93.4		94.7		96		97.3		98.6		99.9		101.3		102.7

		Commercial Buildings		15.5		15.7		15.9		16.1		16.3		16.5		16.7		16.9		17.2		17.4		17.6		17.9		18.1		18.3		18.6		18.8		19.1		19.3		19.6		19.8		20.1		20.3		20.6		20.9		21.1

		Street Lighting		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8

		Water Pumping		3.4		3.5		3.6		3.7		3.8		3.9		4		4.1		4.1		4.2		4.3		4.4		4.5		4.6		4.7		4.8		4.8		4.9		5		5.1		5.2		5.3		5.4		5.5		5.5

		Industrial		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8

		Total		176.6		177.9		179.2		180.5		181.9		183.3		184.7		186.1		187.5		188.9		190.4		191.9		193.4		194.9		196.4		198		199.6		201.2		202.8		204.4		206.1		207.8		209.5		211.2		213

		Year		Residential MU

		2006		74.1

		2007		75.1

		2008		76.1

		2009		77.2

		2010		78.2

		2011		79.3

		2012		80.4

		2013		81.5

		2014		82.6

		2015		83.7

		2016		84.9

		2017		86.1

		2018		87.2

		2019		88.4

		2020		89.6

		2021		90.9

		2022		92.1

		2023		93.4

		2024		94.7

		2025		96

		2026		97.3

		2027		98.6

		2028		99.9

		2029		101.3

		2030		102.7





original

		Type of House		Appliance		Watts		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		5.3		1934.5		4049811

				tubelight		40		15549		2.3		7.8		2847		4072735

				fridge		100		6908		1		6		2190		1512948

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.5		182.5		1507217

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		13.2		3564		8813442

				tv		80		13312		1.01		6.8		2482		2669606

														total kWh		22771847

								15701						total MU		22.8

		MEC		bulb		60		15375		2.6		5.3		1934.5		4639970

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		6		2190		2665682

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.5		182.5		1297766

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		13.2		3564		12082815

				tv		80		15696		1.02		7.6		2774		3552821

																29715322

														total MU		29.7

		HEC		bulb		60		10124		2.9		6.9		2518.5		4436389

		10626		tubelight		40		10626		3.7		7.8		2847		4477329

				fridge		100		9351		1		6		2190		2047843

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.5		182.5		867371

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		13.2		3564		9941154

				tv		80		10356		1.08		6.8		2482		2220687

																24197228

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		24.2

				Appliance		Total consumption (kWh)

				bulb		13126170

				tubelight		13571731

				fridge		6226473

				washing machine		185516

				iron		3672355

				room cooler		621625

				fans		30837412

				tv		8443115

				total MU		76.7
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load

				Supply load MU		peak load MU		fraction		Demand load MU						Supply load MU		Demand load MU

		April		3.57		4.96		0.7197580645		5.5				April		3.57		5.5

		May		4.2		4.96		0.8467741935		6.5				May		4.2		6.5

		June		4.96		4.96		1		7.7				June		4.96		7.7

		July		4.8		4.96		0.9677419355		7.4				July		4.8		7.4

		August		4.52		4.96		0.9112903226		7.0				August		4.52		7.0

		September		4.56		4.96		0.9193548387		7.0				September		4.56		7.0

		October		4.14		4.96		0.8346774194		6.4				October		4.14		6.4

		November		3.5		4.96		0.7056451613		5.4				November		3.5		5.4

		December		2.78		4.96		0.560483871		4.3				December		2.78		4.3

		January		2.61		4.96		0.5262096774		4.0				January		2.61		4.0

		February		2.76		4.96		0.5564516129		4.3				February		2.76		4.3

		March		3.22		4.96		0.6491935484		5.0				March		3.22		5.0

				total						70.5						total		70.5

				6.4		7.6676328502





supply

		

				2006				2009				2012				2015

		Source		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU

		MSW

		Biomass





graphs

		RESULTS

		energy consumption MU

				Residential sector				Commercial Sector				Street lighting				Water pumping				Supply

				BAU		SC		BAU		SC		BAU		SC		BAU		SC

		2006		46.413358794		46.413358794		15.4		15.4		5.90233105		5.90233105		3.03753		3.03753

		2009		48.3349921027		32.3933560065		16.2846527579		12.2134895684		5.90233105		4.79		3.55		3.12

		2012		50.3592082856		33.7499241089		16.9338382395		12.7003786796		5.90233105		4.79		3.70		3.25

		2015		52.4573032568		35.1560338283		17.6072306373		13.205422978		5.90233105		4.79		3.8511577506		3.38
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2012 SC

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		4		1460		3056461

				tubelight		40		15549		2.3		7		2555		3655018

				fridge		100		6908		1		3		1095		756474

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.25		45.625		376804

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		5		1200		2967489

				tv		80		13312		1.01		6		2190		2355535

														total kWh		13313869

								15701						total MU		13.3

		MEC		bulb		60		15375		2.6		5		1825		4377330

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		3		1095		1332841

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.25		45.625		324442

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		5		1200		4068288

				tv		80		15696		1.02		7		2555		3272335

																18851504

														total MU		18.9

		HEC		bulb		60		10124		2.9		5		1825		3214775

		10626		tubelight		40		10626		3.7		7		2555		4018116

				fridge		100		9351		1		3		1095		1023921

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.25		45.625		216843

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		5		1200		3347190

				tv		80		10356		1.08		6.8		2482		2220687

																14247987

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.2

				Appliance		Total consumption (kWh)

				bulb		10648566

				tubelight		12694802

				fridge		3113236

				washing machine		185516

				iron		918089

				room cooler		621625

				fans		10382967

				tv		7848557

				total MU		46.4

		Commercial				0.0022006288

		commercial customers (elec consumers)		consumption MU		connected load MW		torrent data*

		6998		15.4		31.3		0.4920127796

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		250		1339		334.75		1344021.25

		HPMV		250		587		146.75		589201.25

		HPMV		400		301		120.4		483406

		Tube light (T-5)		14		5422		75.908		304770.62

						total MU		1470.1		5.9		5.73

		Water Pumping

		Water pumping: per capita energy consumption

		Population		energy consumption Charedi MU, eff: 58.6-69.4%		energy consumption Saritha Udyan  MU, eff: 75%		Total energy consumption MU		per capita energy consumption(in kWh/pp)

		200000		2.0958957		0.9416343		3.03753		15.1877

								kWh

				eff: 67%		ch		1986330

						su		1051200				0.83

						sewage						24.770943385

								3037530

		67% charedi		per person kW		0.009335

		85% charedi		per person kW		0.0082





2012 SC

		bulb

		tubelight

		fridge

		washing machine

		iron

		room cooler

		fans

		tv



13126170.2954438

13571731.2744762

6226472.9847619

185515.788132644

3672355.08547619

621625.445

30837411.99

8443114.60923223



2012 BAU

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		15797		2.3		4		1460		848747

				tubelight		28		16192		2.3		7		2555		2664269

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		750		8600		1		0.25		45.625		294285

				room cooler		250		114		1		6		540		15451

				fans		50		16350		2.1		5		1200		2060100

				tv		80		13862		1.01		6		2190		2452901

														total kWh		9260169

								16350						total MU		9.3

		MEC		bulb		16		16019		2.6		5		1825		1216166

		16820		tubelight		28		16753		3.1		6.9		2518.5		3662358

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		750		7409		1		0.25		45.625		253520

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		50		16820		2.8		5		1200		2825760

				tv		80		16353		1.02		7		2555		3409358

																13229449

														total MU		13.2

		HEC		bulb		16		10537		2.9		5		1825		892287

		11060		tubelight		28		11060		3.7		7		2555		2927560

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		750		4947		1		0.25		45.625		169275

				room cooler		250		483		1		8.5		1530		184601

				fans		50		11060		3.5		5		1200		2322600

				tv		80		10778		1.08		6.8		2482		2311387

																9903737

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		9.9

				Appliance		Total consumption (kWh)

				bulb		2957200

				tubelight		9254187

				fridge		3242136

				washing machine		193183

				iron		717079

				room cooler		647464

				fans		7208460

				tv		8173646

				total MU		32.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		12.2		24.82				from 2009 onwards the connected load reduces by 15% for SC scenario.

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Water pumping: per capita energy consumption

		Population		Power kW		hours		energy consumption MU

		208333		1708.33		1825.00		3.12
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2015 SC

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15797		2.3		4		1460		3182800

				tubelight		40		16192		2.3		7		2555		3806098

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		1000		8600		1		0.25		45.625		392380

				room cooler		250		114		1		6		540		15451

				fans		75		16350		2.1		5		1200		3090150

				tv		80		13862		1.01		6		2190		2452901

														total kWh		13864197

								16350						total MU		13.9

		MEC		bulb		60		16019		2.6		5		1825		4560623

		16820		tubelight		40		16753		3.1		6.9		2518.5		5231941

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		1000		7409		1		0.25		45.625		338027

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		75		16820		2.8		5		1200		4238640

				tv		80		16353		1.02		7		2555		3409358

																19640875

														total MU		19.6

		HEC		bulb		60		10537		2.9		5		1825		3346076

		11060		tubelight		40		11060		3.7		7		2555		4182228

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		1000		4947		1		0.25		45.625		225699

				room cooler		250		483		1		8.5		1530		184601

				fans		75		11060		3.5		5		1200		3483900

				tv		80		10778		1.08		6.8		2482		2311387

																14829920

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.8

				Appliance		Total consumption (kWh)

				bulb		11089499

				tubelight		13220267

				fridge		3242136

				washing machine		193183

				iron		956106

				room cooler		647464

				fans		10812690

				tv		8173646

				total MU		48.3

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		16.3		33.10

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		208333		1944.79		1825.00		3.55
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2015 BAU

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		16454		2.3		4		1460		884046

				tubelight		28		16865		2.3		7		2555		2775076

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		750		8958		1		0.25		45.625		306524

				room cooler		250		119		1		6		540		16093

				fans		50		17030		2.1		5		1200		2145780

				tv		80		14438		1.01		6		2190		2554918

														total kWh		9645301

								17030						total MU		9.6

		MEC		bulb		16		16686		2.6		5		1825		1266779

		17520		tubelight		28		17450		3.1		6.9		2518.5		3814775

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		750		7717		1		0.25		45.625		264071

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		50		17520		2.8		5		1200		2943360

				tv		80		17033		1.02		7		2555		3551246

																13780021

														total MU		13.8

		HEC		bulb		16		10985		2.9		5		1825		930205

		11530		tubelight		28		11530		3.7		7		2555		3051968

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		750		5157		1		0.25		45.625		176468

				room cooler		250		503		1		8.5		1530		192446

				fans		50		11530		3.5		5		1200		2421300

				tv		80		11237		1.08		6.8		2482		2409611

																10324602

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.3

				Appliance		Total consumption (kWh)

				bulb		3081031

				tubelight		9641820

				fridge		3377979

				washing machine		201246

				iron		747063

				room cooler		674572

				fans		7510440

				tv		8515774

				total MU		33.7

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		12.7		25.81

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		1779.51		1825.00		3.25
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16454		2.3		4		1460		3315173

				tubelight		40		16865		2.3		7		2555		3964395

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		1000		8958		1		0.25		45.625		408699

				room cooler		250		119		1		6		540		16093

				fans		75		17030		2.1		5		1200		3218670

				tv		80		14438		1.01		6		2190		2554918

														total kWh		14440812

								17030						total MU		14.4

		MEC		bulb		60		16686		2.6		5		1825		4750423

		17520		tubelight		40		17450		3.1		6.9		2518.5		5449679

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		1000		7717		1		0.25		45.625		352095

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		75		17520		2.8		5		1200		4415040

				tv		80		17033		1.02		7		2555		3551246

																20458272

														total MU		20.5

		HEC		bulb		60		10985		2.9		5		1825		3488269

		11530		tubelight		40		11530		3.7		7		2555		4359954

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		1000		5157		1		0.25		45.625		235291

				room cooler		250		503		1		8.5		1530		192446

				fans		75		11530		3.5		5		1200		3631950

				tv		80		11237		1.08		6.8		2482		2409611

																15460125

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.5

				Appliance		Total consumption (kWh)

				bulb		11553866

				tubelight		13774028

				fridge		3377979

				washing machine		201246

				iron		996084

				room cooler		674572

				fans		11265660

				tv		8515774

				total MU		50.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		16.9		34.42

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		2025.82		1825.00		3.70
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17140		2.3		4		1460		920903

				tubelight		28		17569		2.3		7		2555		2890772

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		750		9331		1		0.25		45.625		319303

				room cooler		250		124		1		6		540		16764

				fans		50		17740		2.1		5		1200		2235240

				tv		80		15040		1.01		6		2190		2661435

														total kWh		10047425

								17740						total MU		10.0

		MEC		bulb		16		17381		2.6		5		1825		1319562

		18250		tubelight		28		18178		3.1		6.9		2518.5		3973724

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		750		8039		1		0.25		45.625		275074

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		50		18250		2.8		5		1200		3066000

				tv		80		17743		1.02		7		2555		3699214

																14354189

														total MU		14.4

		HEC		bulb		16		11442		2.9		5		1825		968930

		12010		tubelight		28		12010		3.7		7		2555		3179023

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		750		5372		1		0.25		45.625		183814

				room cooler		250		524		1		8.5		1530		200458

				fans		50		12010		3.5		5		1200		2522100

				tv		80		11704		1.08		6.8		2482		2509924

																10754420

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.8

				Appliance		Total consumption (kWh)

				bulb		3209395

				tubelight		10043520

				fridge		3518708

				washing machine		209634

				iron		778192

				room cooler		702672

				fans		7823340

				tv		8870574

				total MU		35.2

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		13.2		26.84

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		23716.605

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1232.3		4.9		5.73

				savings due to installation of voltage controller				39		4.79

						total MU		1193.3

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		1853.65		1825.00		3.38





		bulb

		tubelight

		fridge

		washing machine

		iron

		room cooler

		fans

		tv



13126170.2954438

13571731.2744762

6226472.9847619

185515.788132644

3672355.08547619

621625.445

30837411.99

8443114.60923223



		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17140		2.3		4		1460		3453387

				tubelight		40		17569		2.3		7		2555		4129675

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		1000		9331		1		0.25		45.625		425738

				room cooler		250		124		1		6		540		16764

				fans		75		17740		2.1		5		1200		3352860

				tv		80		15040		1.01		6		2190		2661435

														total kWh		15042865

								17740						total MU		15.0

		MEC		bulb		60		17381		2.6		5		1825		4948357

		18250		tubelight		40		18178		3.1		6.9		2518.5		5676749

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		1000		8039		1		0.25		45.625		366765

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		75		18250		2.8		5		1200		4599000

				tv		80		17743		1.02		7		2555		3699214

																21310700

														total MU		21.3

		HEC		bulb		60		11442		2.9		5		1825		3633488

		12010		tubelight		40		12010		3.7		7		2555		4541461

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		1000		5372		1		0.25		45.625		245086

				room cooler		250		524		1		8.5		1530		200458

				fans		75		12010		3.5		5		1200		3783150

				tv		80		11704		1.08		6.8		2482		2509924

																16103738

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		16.1

				Appliance		Total consumption (kWh)

				bulb		12035232

				tubelight		14347885

				fridge		3518708

				washing machine		209634

				iron		1037589

				room cooler		702672

				fans		11735010

				tv		8870574

				total MU		52.5

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		17.6		35.79

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		2110.22		1825.00		3.85
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		2006

		2009

		2012

		2015



Year

GHG emissions(tCO2)

270676.848723689

275897.428779042

281088.292659826

286453.957386831



Energy demand (final units| en

		Demand: Energy demand (final units: energy only)

		Scenario: Baseline,  Fuel: All Fuels

		Units: million   kilowatt-hour

				2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030

		Residential		74.1		75.1		76.1		77.2		78.2		79.3		80.4		81.5		82.6		83.7		84.9		86.1		87.2		88.4		89.6		90.9		92.1		93.4		94.7		96		97.3		98.6		99.9		101.3		102.7

		Commercial Buildings		15.5		15.7		15.9		16.1		16.3		16.5		16.7		16.9		17.2		17.4		17.6		17.9		18.1		18.3		18.6		18.8		19.1		19.3		19.6		19.8		20.1		20.3		20.6		20.9		21.1

		Street Lighting		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8		11.8

		Water Pumping		3.4		3.5		3.6		3.7		3.8		3.9		4		4.1		4.1		4.2		4.3		4.4		4.5		4.6		4.7		4.8		4.8		4.9		5		5.1		5.2		5.3		5.4		5.5		5.5

		Industrial		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8		71.8

		Total		176.6		177.9		179.2		180.5		181.9		183.3		184.7		186.1		187.5		188.9		190.4		191.9		193.4		194.9		196.4		198		199.6		201.2		202.8		204.4		206.1		207.8		209.5		211.2		213

		Year		Residential MU

		2006		74.1

		2007		75.1

		2008		76.1

		2009		77.2

		2010		78.2

		2011		79.3

		2012		80.4

		2013		81.5

		2014		82.6

		2015		83.7

		2016		84.9

		2017		86.1

		2018		87.2

		2019		88.4

		2020		89.6

		2021		90.9

		2022		92.1

		2023		93.4

		2024		94.7

		2025		96

		2026		97.3

		2027		98.6

		2028		99.9

		2029		101.3

		2030		102.7





original

		Type of House		Appliance		Watts		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		5.3		1934.5		4049811

				tubelight		40		15549		2.3		7.8		2847		4072735

				fridge		100		6908		1		6		2190		1512948

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.5		182.5		1507217

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		13.2		3564		8813442

				tv		80		13312		1.01		6.8		2482		2669606

														total kWh		22771847

								15701						total MU		22.8

		MEC		bulb		60		15375		2.6		5.3		1934.5		4639970

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		6		2190		2665682

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.5		182.5		1297766

				room cooler		250		1217		1		9.8		1411.2		429430

				fans		75		16144		2.8		13.2		3564		12082815

				tv		80		15696		1.02		7.6		2774		3552821

																29715322

														total MU		29.7

		HEC		bulb		60		10124		2.9		6.9		2518.5		4436389

		10626		tubelight		40		10626		3.7		7.8		2847		4477329

				fridge		100		9351		1		6		2190		2047843

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.5		182.5		867371

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		13.2		3564		9941154

				tv		80		10356		1.08		6.8		2482		2220687

																24197228

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		24.2

				Appliance		Total consumption (kWh)

				bulb		13126170

				tubelight		13571731

				fridge		6226473

				washing machine		185516

				iron		3672355

				room cooler		621625

				fans		30837412

				tv		8443115

				total MU		76.7





original
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		0

		0

		0

		0

		0





load

				Supply load MU		peak load MU		fraction		Demand load MU						Supply load MU		Demand load MU

		April		3.57		4.96		0.7197580645		5.5				April		3.57		5.5

		May		4.2		4.96		0.8467741935		6.5				May		4.2		6.5

		June		4.96		4.96		1		7.7				June		4.96		7.7

		July		4.8		4.96		0.9677419355		7.4				July		4.8		7.4

		August		4.52		4.96		0.9112903226		7.0				August		4.52		7.0

		September		4.56		4.96		0.9193548387		7.0				September		4.56		7.0

		October		4.14		4.96		0.8346774194		6.4				October		4.14		6.4

		November		3.5		4.96		0.7056451613		5.4				November		3.5		5.4

		December		2.78		4.96		0.560483871		4.3				December		2.78		4.3

		January		2.61		4.96		0.5262096774		4.0				January		2.61		4.0

		February		2.76		4.96		0.5564516129		4.3				February		2.76		4.3

		March		3.22		4.96		0.6491935484		5.0				March		3.22		5.0

				total						70.5						total		70.5

				6.4		7.6676328502





supply

		

				2006				2009				2012				2015

		Source		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU		no. of plants		energy produced MU

		MSW

		Biomass





graphs

		RESULTS

		energy consumption MU

																												2006		2009		2012		2015

				Residential sector				Commercial Sector				Street lighting				Water pumping				Muncipal services				Total electricity consumption				9.43		8.14		8.27		8.40

				BAU		SC		BAU		SC		BAU		SC		BAU		SC						BAU		SC		199.13		202.07		204.91		207.83

		2006		46.413358794		46.413358794		15.4		15.4		5.90233105		5.90233105		3.53		3.53		9.43		9.43		199.13		199.13

		2009		48.3349921027		32.3933560065		16.2846527579		13.8419548442		5.90233105		4.77		3.67		3.12		9.57		8.14		202.07		182.25

		2012		50.3592082856		32.7334853856		16.9338382395		13.5470705916		5.90233105		4.77		3.83		3.25		9.73		8.27		204.91		182.43

		2015		52.4573032568		31.4743819541		17.6072306373		13.205422978		5.90233105		4.77		3.98		3.38		9.88		8.40		207.83		180.96

																								BAU

														LPG										Ghg emissions

				2006		2009		2012		2015				2006		2009		2012		2015				2006		2009		2012		2015

		Energy consumption in BAU		199.13		202.07		204.91		207.83				14270256		14861280		15482880		16128000				270676.848723689		275897.428779042		281088.292659826		286453.957386831

		Energy consumption in solar city scenario		199.13		182.25		182.43		180.96				14270256		12033469.8684211		11063747.3684211		10604084.2105263				270676.848723689		244451.628813845		241553.323806729		238417.628020434

		Energy generation from solar PV		0				0.11388		1.1388														0		0		128.6844		1286.844

		Energy generation from MSW		0		0.9198		0.9198		7.0518														0		1039.374		1039.374		7968.534

		Energy generation from Wind		0		0		21.9		54.75														0		0		24747		61867.5

		Energy generation from Biomass		0		35.04		70.08		105.12														0		39595.2		79190.4		118785.6

																								0		72080.3739651977		144640.427253097		237944.807366397

																								2006		2009		2012		2015

																						LEC		13.3		13.9		14.4		15

																						MEC		18.9		19.6		20.5		21.3

																						HEC		14.2		14.8		15.5		16.1

				2006		2009		2012		2015

		MU		71.25		74.19		77.03		79.95

		Emissions		80.5076295237		83.836932779		87.0386766598		90.3399573868

				2006		2009		2012		2015

		Emissions		80.8890384237		84.6383729766		87.8264164379		91.1309573868

				2006		2015

				122739		137901				137901

																										2006		2009		2012		2015

																								Commercial		15.4		16.3		16.9		17.6

																												water pumping

																																																														BAU		SC		BAU		SC		BAU		SC		BAU		SC

																																																										LPG Consumption (in kg)				6607351.31447368		6607351.31447368		6881004.65350877		4053194.52192982		7168815.15789474		2749682.52631579		7467515.78947368		1943600

																																																																				2827810.13157895				4419132.63157895				5523915.78947368

																																				2006		2009		2012		2015

																																		BAU		199.125689844		202.0719759107		204.9053775751		207.8268649441

																																		SC		199.125689844		180.372012115		182.3453655285		184.3918330763

																																		Green electricity generation		0		35.95		93.01		168.06
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2015 SC

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15170		2.3		4		1460		3056461

		15701		tubelight		40		15549		2.3		7		2555		3655018

				fridge		100		6908		1		3		1095		756474

				washing machine		230		4009		1		0.39		142.35		131249

				iron		1000		8259		1		0.25		45.625		376804

				room cooler		250		110		1		6		540		14837

				fans		75		15701		2.1		5		1200		2967489

				tv		80		13312		1.01		6		2190		2355535

														total kWh		13313869

														total MU		13.3

		MEC		bulb		60		15375		2.6		5		1825		4377330

		16144		tubelight		40		16080		3.1		6.9		2518.5		5021668

				fridge		100		12172		1		3		1095		1332841

				washing machine		230		769		1		0.39		142.35		25170

				iron		1000		7111		1		0.25		45.625		324442

				room cooler		250		1217		1		9.8		1411.2		429430						4.6149137058

				fans		75		16144		2.8		5		1200		4068288

				tv		80		15696		1.02		7		2555		3272335

																18851504

														total MU		18.9

		HEC		bulb		60		10124		2.9		5		1825		3214775

		10626		tubelight		40		10626		3.7		7		2555		4018116

				fridge		100		9351		1		3		1095		1023921

				washing machine		230		889		1		0.39		142.35		29097

				iron		1000		4753		1		0.25		45.625		216843

				room cooler		250		464		1		8.5		1530		177358

				fans		75		10626		3.5		5		1200		3347190

				tv		80		10356		1.08		6.8		2482		2220687

																14247987

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.2

																46.4

				Appliance		Total consumption (kWh)

				bulb		10648566

				tubelight		12694802

				fridge		3113236

				washing machine		185516

				iron		918089

				room cooler		621625

				fans		10382967

				tv		7848557

				total MU		46.4

		Commercial				0.0022006288

		commercial customers (elec consumers)		consumption MU		connected load MW		torrent data*

		6998		15.4		31.3		0.4920127796

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		5.907		0.023716605

		HPSV		70		1729		121.03		0.48593545

		GLS		100		3818		381.8		1.532927

		HPSV		125		305		38.125		0.153071875

		HPSV		150		1636		245.4		0.985281

		HPSV		250		1339		334.75		1.34402125

		HPMV		250		587		146.75		0.58920125

		HPMV		400		301		120.4		0.483406

		Tube light (T-5)		14		5422		75.908		0.30477062

						total MU		1470.1		5.9		5.73

		Water Pumping

		Water pumping: per capita energy consumption

		Population		energy consumption Charedi MU, eff: 58.6-69.4%		energy consumption Saritha Udyan  MU, eff: 75%		Total energy consumption MU		per capita energy consumption(in kWh/pp)

		200000		2.0958957		0.9416343		3.03753		15.1877

								3.86753

								kWh

				eff: 67%		ch		1986330

						su		1051200				0.83

						sewage						24.770943385

								3037530

		67% charedi		per person kW		0.009335

		85% charedi		per person kW		0.0082





2015 SC

		bulb

		tubelight

		fridge

		washing machine

		iron

		room cooler

		fans

		tv



13126170.2954438

13571731.2744762

6226472.9847619

185515.788132644

3672355.08547619

621625.445

30837411.99

8443114.60923223



2015 BAU

		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		15797		2.3		4		1460		848747

		16350		tubelight		28		16192		2.3		7		2555		2664269

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		750		8600		1		0.25		45.625		294285

				room cooler		250		114		1		6		540		15451

				fans		50		16350		2.1		5		1200		2060100

				tv		80		13862		1.01		6		2190		2452901

														total kWh		9260169

														total MU		9.3

		MEC		bulb		16		16019		2.6		5		1825		1216166

		16820		tubelight		28		16753		3.1		6.9		2518.5		3662358

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		750		7409		1		0.25		45.625		253520

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		50		16820		2.8		5		1200		2825760

				tv		80		16353		1.02		7		2555		3409358

																13229449

														total MU		13.2

		HEC		bulb		16		10537		2.9		5		1825		892287

		11060		tubelight		28		11060		3.7		7		2555		2927560

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		750		4947		1		0.25		45.625		169275

				room cooler		250		483		1		8.5		1530		184601

				fans		50		11060		3.5		5		1200		2322600

				tv		80		10778		1.08		6.8		2482		2311387

																9903737

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		9.9

																32.39		48.3		15.91		0.3293301034

				Appliance		Total consumption (kWh)

				bulb		2957200

				tubelight		9254187

				fridge		3242136

				washing machine		193183

				iron		717079

				room cooler		647464

				fans		7208460

				tv		8173646

				total MU		32.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		13.8		28.13				from 2009 onwards the connected load reduces by 15% for SC scenario.

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Water pumping: per capita energy consumption

		Population		Power kW		hours		energy consumption MU

		208333		1708.33		1825.00		3.12
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		15797		2.3		4		1460		3182800

				tubelight		40		16192		2.3		7		2555		3806098

				fridge		100		7194		1		3		1095		787743

				washing machine		230		4174		1		0.39		142.35		136674

				iron		1000		8600		1		0.25		45.625		392380

				room cooler		250		114		1		6		540		15451

				fans		75		16350		2.1		5		1200		3090150

				tv		80		13862		1.01		6		2190		2452901

														total kWh		13864197

								16350						total MU		13.9

		44230

		MEC		bulb		60		16019		2.6		5		1825		4560623

		16820		tubelight		40		16753		3.1		6.9		2518.5		5231941

				fridge		100		12682		1		3		1095		1388651

				washing machine		230		801		1		0.39		142.35		26224

				iron		1000		7409		1		0.25		45.625		338027

				room cooler		250		1268		1		9.8		1411.2		447412

				fans		75		16820		2.8		5		1200		4238640

				tv		80		16353		1.02		7		2555		3409358

																19640875

														total MU		19.6

		HEC		bulb		60		10537		2.9		5		1825		3346076

		11060		tubelight		40		11060		3.7		7		2555		4182228

				fridge		100		9733		1		3		1095		1065742

				washing machine		230		925		1		0.39		142.35		30286

				iron		1000		4947		1		0.25		45.625		225699

				room cooler		250		483		1		8.5		1530		184601

				fans		75		11060		3.5		5		1200		3483900

				tv		80		10778		1.08		6.8		2482		2311387

																14829920

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		14.8

				Appliance		Total consumption (kWh)

				bulb		11089499

				tubelight		13220267

				fridge		3242136

				washing machine		193183

				iron		956106

				room cooler		647464

				fans		10812690

				tv		8173646

				total MU		48.3

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7400		16.3		33.10

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		208333		1944.79		1825.00		3.55

								4.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		16454		2.3		4		1460		884046

				tubelight		28		16865		2.3		7		2555		2775076

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		750		8958		1		0.25		45.625		306524

				room cooler		250		119		1		6		540		16093

				fans		50		17030		2.1		5		1200		2145780

				tv		80		14438		1.01		6		2190		2554918

														total kWh		9645301

								17030						total MU		9.6

		MEC		bulb		16		16686		2.6		5		1825		1266779

		17520		tubelight		28		17450		3.1		6.9		2518.5		3814775

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		750		7717		1		0.25		45.625		264071

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		50		17520		2.8		5		1200		2943360

				tv		80		17033		1.02		7		2555		3551246

																13780021

														total MU		13.8

		HEC		bulb		16		10985		2.9		5		1825		930205

		11530		tubelight		28		11530		3.7		7		2555		3051968

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		750		5157		1		0.25		45.625		176468

				room cooler		250		503		1		8.5		1530		192446

				fans		50		11530		3.5		5		1200		2421300

				tv		80		11237		1.08		6.8		2482		2409611

																10324602

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.3

				Appliance		Total consumption (kWh)

				bulb		3081031

				tubelight		9641820

				fridge		3377979

				washing machine		201246

				iron		747063

				room cooler		674572

				fans		7510440

				tv		8515774

				total MU		33.7

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		14.4		29.25

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		1779.51		1825.00		3.25
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		16454		2.3		4		1460		3315173

				tubelight		40		16865		2.3		7		2555		3964395

				fridge		100		7493		1		3		1095		820505

				washing machine		230		4348		1		0.39		142.35		142358

				iron		1000		8958		1		0.25		45.625		408699

				room cooler		250		119		1		6		540		16093

				fans		75		17030		2.1		5		1200		3218670

				tv		80		14438		1.01		6		2190		2554918

														total kWh		14440812

								17030						total MU		14.4

		46080

		MEC		bulb		60		16686		2.6		5		1825		4750423

		17520		tubelight		40		17450		3.1		6.9		2518.5		5449679

				fridge		100		13210		1		3		1095		1446443

				washing machine		230		834		1		0.39		142.35		27315

				iron		1000		7717		1		0.25		45.625		352095

				room cooler		250		1321		1		9.8		1411.2		466032

				fans		75		17520		2.8		5		1200		4415040

				tv		80		17033		1.02		7		2555		3551246

																20458272

														total MU		20.5

		HEC		bulb		60		10985		2.9		5		1825		3488269

		11530		tubelight		40		11530		3.7		7		2555		4359954

				fridge		100		10146		1		3		1095		1111031

				washing machine		230		964		1		0.39		142.35		31573

				iron		1000		5157		1		0.25		45.625		235291

				room cooler		250		503		1		8.5		1530		192446

				fans		75		11530		3.5		5		1200		3631950

				tv		80		11237		1.08		6.8		2482		2409611

																15460125

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		15.5

				Appliance		Total consumption (kWh)

				bulb		11553866

				tubelight		13774028

				fridge		3377979

				washing machine		201246

				iron		996084

				room cooler		674572

				fans		11265660

				tv		8515774

				total MU		50.4

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		7695		16.9		34.42

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		217013		2025.82		1825.00		3.70

								4.53
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		16		17140		2.3		4		1460		920903

				tubelight		28		17569		2.3		7		2555		2890772

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		750		9331		1		0.25		45.625		319303

				room cooler		250		124		1		6		540		16764

				fans		50		17740		2.1		5		1200		2235240

				tv		80		15040		1.01		6		2190		2661435

														total kWh		10047425

								17740						total MU		10.0

		MEC		bulb		16		17381		2.6		5		1825		1319562

		18250		tubelight		28		18178		3.1		6.9		2518.5		3973724

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		750		8039		1		0.25		45.625		275074

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		50		18250		2.8		5		1200		3066000

				tv		80		17743		1.02		7		2555		3699214

																14354189

														total MU		14.4

		HEC		bulb		16		11442		2.9		5		1825		968930

		12010		tubelight		28		12010		3.7		7		2555		3179023

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		750		5372		1		0.25		45.625		183814

				room cooler		250		524		1		8.5		1530		200458

				fans		50		12010		3.5		5		1200		2522100

				tv		80		11704		1.08		6.8		2482		2509924

																10754420

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		10.8

				Appliance		Total consumption (kWh)

				bulb		3209395

				tubelight		10043520

				fridge		3518708

				washing machine		209634

				iron		778192

				room cooler		702672

				fans		7823340

				tv		8870574

				total MU		35.2

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		15.0		30.42

		Street Lighting

		Type of lamp		Wattage		Total No.		total wattage kW		consumption		Torrent data		Lights are working for 11 hours

		CFL		11		537		0		0

		HPSV		70		1729		121.03		485935.45

		GLS		100		3818		381.8		1532927

		HPSV		125		305		38.125		153071.875

		HPSV		150		1636		245.4		985281

		HPSV		150		1339		200.85		806412.75

		HPMV		150		587		88.05		353520.75

		HPMV		250		301		75.25		302128.75

		Tube light (T-5)		14		5422		75.908		304770.62

						total		1226.4		4.9		5.73

				savings due to installation of voltage controller				39		4.77

						total MU		1187.4

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		1853.65		1825.00		3.38
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		Residential

		Type of House		Appliance		wattage		No. of houses		Appliance per hh		Use per day (hrs)		Use per year (hrs)		Energy consumption per year (kWh)

		LEC		bulb		60		17140		2.3		4		1460		3453387

				tubelight		40		17569		2.3		7		2555		4129675

				fridge		100		7806		1		3		1095		854713

				washing machine		230		4529		1		0.39		142.35		148294

				iron		1000		9331		1		0.25		45.625		425738

				room cooler		250		124		1		6		540		16764

				fans		75		17740		2.1		5		1200		3352860

				tv		80		15040		1.01		6		2190		2661435

														total kWh		15042865

								17740						total MU		15.0

		48000

		MEC		bulb		60		17381		2.6		5		1825		4948357

		18250		tubelight		40		18178		3.1		6.9		2518.5		5676749

				fridge		100		13760		1		3		1095		1506711

				washing machine		230		869		1		0.39		142.35		28453

				iron		1000		8039		1		0.25		45.625		366765				220800

				room cooler		250		1376		1		9.8		1411.2		485450

				fans		75		18250		2.8		5		1200		4599000

				tv		80		17743		1.02		7		2555		3699214

																21310700

														total MU		21.3

		HEC		bulb		60		11442		2.9		5		1825		3633488

		12010		tubelight		40		12010		3.7		7		2555		4541461

				fridge		100		10569		1		3		1095		1157284

				washing machine		230		1004		1		0.39		142.35		32887

				iron		1000		5372		1		0.25		45.625		245086

				room cooler		250		524		1		8.5		1530		200458

				fans		75		12010		3.5		5		1200		3783150

				tv		80		11704		1.08		6.8		2482		2509924

																16103738

		assumed that fridge, washing machine, iron and room cooler is one per household.												total MU		16.1

				Appliance		Total consumption (kWh)

				bulb		12035232

				tubelight		14347885

				fridge		3518708

				washing machine		209634

				iron		1037589

				room cooler		702672

				fans		11735010

				tv		8870574

				total MU		52.5

		Commercial

		Units		consumption MU		connected load MW		torrent data*

		8001		17.6		35.79

		Street Lighting

		Type of lamp		Wattage		Total No.		consumption		total wattage		Torrent data		Lights are working for 11 hours

		CFL		11		537		23716605		5.9

		HPSV		70		1729		485935450		121

		GLS		100		3818		1532927000		381.8

		HPSV		125		305		153071875		38.1

		HPSV		150		1636		985281000		245.4

		HPSV		250		1339		1344021250		334.8

		HPMV		250		587		589201250		146.8

		HPMV		400		301		483406000		120.4

		Tube light (T-5)		14		5422		304770620		75.9

						total MU		5.9		1470.1		5.73

		Water Pumping

		Population		Power kW		hours		energy consumption MU

		226055		2110.22		1825.00		3.85

								4.68
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