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Executive Summary 

 

“Humans have long feared the dark, and that crime was the original impetus for widespread 

street lighting on the planet. “ 

      A.Roger Ekirch - Anthropologist & Historian. 

Delhi – the dark capital? 

Delhi has been swarmed with increasing incidents of crime and accidents because of inadequate 

lighting on its roads and streets. Adequate and appropriate lighting on streets and roads facilitates 

mobility and affords a sense of security to the citizens. 

A detailed survey by a leading women’s organization suggests that the poor lighting and dark 

corners both in residential spaces and public spaces are safety concerns for women inhabiting the 

city. Not only rape, but reported cases of theft, eve-teasing and stalking, a menace to pedestrians, 

has also increased in the city with increasing inconsistency of lighting on its roads and streets. The 

crime ridden neighbourhoods in the city have been demanding better street lighting. Streetlights 

are integral to a city’s surveillance infrastructure, improving community pride and making 

communities safe and liveable. A review of various studies on street lighting interventions in the 

UK and US, covering four decades, finds that areas with improved street lighting experienced 21% 

reduction in crime as compared to similar areas without improvement. The lack of effective and 

efficient street-lighting leaves the city dark and fearful, as a result of which people refrain from 

stepping out after dark. Therefore, to empower citizens and help them reclaim urban spaces, 

adequate and reliable street-lighting must be made possible. 

Malicious Dark Spots in the capital  

In early 2014, Greenpeace India filed RTIs to acquire accurate information from all districts of 

Delhi about the number of dark spots and their whereabouts. After tabulating the data available 

from RTIs, it was found that a total of 700 dark spots of various categories are present in Delhi.  
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On the basis of literature review, experience obtained during ground survey and discussion with 

the police department, dark spots have been defined as areas of complete darkness of a minimum 

of 50 square metres after dusk. 

This sustainable street lighting report analyses the locations of the darks spots, the reasons behind 

their persistent presence and a tangible solution which makes our streets safer and smarter. 

Major findings from this report are: 

a) Primarily, the locations of dark spots are in the residential and industrial areas followed by 

transit stretches, stations, commercial areas and open spaces. 

b) Major reason given by the DISCOMs for the dark spots are operation and maintenance issues, 

and increasing cost of power. 

c) On an average about 35% (over one third) of the dark spots in Delhi are due to lack of 

infrastructure despite the large number of installed street lights in Delhi. 

d) LED based solar street lighting can save up to ₹30,000 per installation in a time frame of 8 - 9 

years. It also uses zero grid electricity, has sensors to avoid wastage of energy and has a payback 

of only 6 years. It has back up of 10 -12 hours, and can work without recharging for 3 days. 

e) Cost incurred to solarize dark spots with 1998 stand-alone installations with or without CCTV 

cameras is about ₹9.6 crores with major expenditure in South Eastern and Eastern Delhi. Along 

with retrofitting a certain number of existing streetlights with solar panels and LEDs, the total cost 

of eliminating existing and new dark spots in six years will be around ₹1980 crores.  

f) Therefore the required funding per year for six years would be ₹330 crores, which is available 

for Delhi from various sources for such installations (not including the Nirbhaya Fund). 

Although dark spots have no connection with land use, it was found that areas adjacent to certain 

activities had greater density of dark spots and hence a graph depicting dark spots in the various 

districts for which data was available was plotted against the activities where citizen footfall is 

high. 
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This graph clearly shows that a) most number of dark spots in most of the districts are in the 

residential areas except in outer district, followed by transit stretches, stations, and commercial 

areas and open spaces, where the citizen needs to go; b) It is significant to note that in the New 

Delhi (NDMC) area, the dark spots are in commercial areas frequented by the general citizen 

and not in residential areas where ministers and bureaucrats reside. This is corroborated by 

a map wherein spatial mapping of the dark spots was done. Thus installation, O&M of street lights 

in Delhi is also an equity and political issue and does not seem to be directed towards the safety 

of the citizen. 

Solutions 

Sustainable street lighting solutions are a tangible alteration to the built environment but it does 

not constitute a physical barrier to crime. However, it can act as a catalyst to stimulate crime 

reduction through a change in the perceptions, attitudes and behavior of residents and potential 

offenders.  

The need to find a source of energy which would be immediately available and ensure reliable and 

consistent illumination throughout the year to eliminate the dark spots in the city. The opportunity 

for this lies in solar technology for street lighting (aka Solar Street lighting). While it relies on a 

reliable source of energy, which is the sun, the technology is able to function well with minimum 
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solar insolation and long storage efficiency. It combines well with the LED luminescence 

technology as its panels are photosensitive, and they can also switch off the lights during the day 

when illumination is not required. A few advantages of installing stand-alone solar street lights 

are: 

 Institutional and social benefits 

 Solar street lights have highly improved efficiency and luminescence 

 Have improved visibility and range thereby restore confidence in people 

 Solar Street lights have a payback that can ensure that investment in these street lights can 

be recovered effectively. 

A standard for most of the street infrastructure has been worked on in the past but no specific 

standards on street lights are available. This needs to be addressed at the earliest. 

 

A reasonable amount of funding has been allocated for projects like these under the Union Budget 

of 2014. Other funds like Power Reform Funds, Women Safety Funds, and the allocation of funds 

to Members of Parliament, Members of the Legislative Assembly and Ward Councillors can be 

utilized to set up stand-alone solar street lights in the city of Delhi. The various sources of funding, 

schemes and subsidies available to help in successful implementation of stand-alone solar street 

lights in Delhi as well retrofitting existing conventional solar street light with LED and solar panels 

sum up close to ₹1980 crores, which would be ₹330 crores per year for 6 years with our 

Government. This is without considering the Nirbhaya Fund. 

Recommendations 

 Active participation of the citizens, Delhi Police and RWAs will be required in identifying, 

enumerating and addressing the issue of street lights in Delhi.  

 A standard for most of the street infrastructure has been worked on in the past but no 

specific standards on street lights are available. This needs to be addressed at the earliest. 

 Special emphasis must be provided to addressing the dark spots having no poles as they 

comprise over one third of the dark spots i.e. 35%.  

 It is advisable to urgently retrofit conventional street lights with sensors so that it is 

switched on at dusk and switched off at dawn. It was found that despite acute electricity 
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shortage, street lights on some sub-arterial roads were on throughout the day. On repeated 

enquiry it was found that Operation and Maintenance of street lights on main roads was 

done by PWD and not by the DISCOMs. Inefficiency of government departments was 

leading to inadequate power for essential lighting and increasing cost burden on citizens. 

Division of responsibilities also led to lack of accountability of private companies.  

 For dark spots where at least a pole is present but the street light is not in working condition 

due to absence of light bulb or electricity shortages, LEDs retro-fitted with light sensors is 

the appropriate option, which must be implemented immediately. 

 Maintaining tree growth should also be done for street lights to be efficient so that they do 

not hamper the efficiency of the light fixture altogether.  

 An efficient system cannot be provided in absence of enforcement of standards which need 

to be attended to at the earliest. 

 It is strongly recommended that for the next five years, existing street lights be replaced 

with LEDs and the remaining deficits of street lights be met only with stand-alone solar 

street lights. Furthermore, in ten years every existing street light should be retro-fitted with 

solar panels as well.  

 It is also recommended that other than installation of CCTVs in appropriate locations, 

every street light should be fitted with sensors and in the next ten years also with smart 

chips that will send data to a central control unit on number of burning hours, duration of 

operation and wattage consumed per light besides the data from the cameras, which would 

aid in achieving the desired status of ‘sustainable smart and lighted city’ for the National 

Capital Territory of Delhi (NCTD). 

Delhi Sustainable City 

Sustainable public lighting solutions like solar street lighting have negligible carbon emissions and 

are highly efficient compared to the ancestral halogen lights. With the emerging acceptance of 

solar as a solution especially solar rooftops in the state, solar street lighting will help in multiplying 

the positive perception of renewable energy solutions. With the enthusiasm, political will and 

practical feasibility present to implement such sustainable and smart measures in the state, Delhi 

can very well be heading the league of Smart-Sustainable Cities paving way for more such safer 

cities in the country. 
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This report is meant to provide analysis, arguments and data to the Delhi government and the 

people of Delhi on why solar street lighting will help in reducing dark spots, crime rates and make 

Delhi one step closer  to a SAFE and SMART city. 
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CHAPTER  1. BACKGROUND 

1.1 INTRODUCTION 

Street lighting has always been an important part of safety of the society. However, its importance 

has been highlighted recently due to incidences that have shaken us out of complacency. Incidents 

of robbery, rape and road accidents in the dark have been overwhelming the city in the recent past, 

but after the Nirbhaya incident, a renewed focus for examining, enumerating the dark spots and 

providing immediate solutions to eliminating them became the need of the hour. Not only rape, 

but reported cases of theft, eve-teasing and stalking, a menace to the pedestrians, has also increased 

in the city with increasing inconsistency of lighting on its roads and streets. The crime ridden 

neighbourhoods in the city have been demanding better street lighting. Good street lighting will 

lend a greater sense of empowerment to the citizens apart from addressing the safety of women. 

But if this lighting is dependent on expensive, conventional and somewhat inefficient sources of 

power, it will continue to hamper effective street-lighting and therefore safety in the city. 

The escalation in the recorded crime rate and other National Crime Records Bureau (NCRB) data 

shows that when it comes to crimes against women, among 53 mega cities, Delhi accounted for 

the maximum, 14.2 per cent. According to the police, in 2012, 653 cases of molestation were 

registered, which rose to 3,347 the following year. The NCRB study reveals that the streets of 

Delhi are clearly unsafe for a midnight stroll. 

1.2 SITUATIONAL ANALYSIS: WHITHER SAFER 

NEIGHBORHOODS? 

The periodic darkness on the streets of Delhi creates unsafe zones where crimes can be committed 

in the cover of the shadows. “There are a total of 1,582 dark spots in Delhi”, said M Ramachandran, 

Minister of State for Home Affairs of the erstwhile UPA Government in a written reply to the Rajya 

Sabha on March 13, 2013 (see Table 2.1). However, this number has not been corroborated at 

other instances when enumeration of dark spots in Delhi has been requested for by High Court or 

by citizens through RTIs. 
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1.2.1 Why do we have dark spots?  

There may be many reasons why Delhi is ridden with dark spots. Primary among them seems to 

be inconsistent and unreliable power supply in the city despite privatization and management by 

Power Distribution Companies (DISCOMs).   

The current energy supply system is not working because of various reasons arising from 

inconsistent power supply by the power distribution companies (DISCOMs) especially for 

streetlights, which also result in the wastage of electricity. Street lights remain on during day time 

leading to paucity of power for lighting them during night. Furthermore, the centralized system, 

based on power generated from fossil fuels with grid distribution networks is wasteful and 

inconsistent exhibiting huge voltage fluctuations besides the nearly 33% loss during transmission. 

It is therefore expensive and unsustainable.  

Centralized power generation and distribution leads to frequent power cuts in major parts of the 

city, with streetlights being one of the first casualties since there are many institutions like 

hospitals, emergency services and important offices, which need electricity on priority.  

The lack of street-lighting leaves the city dark and fearful, as a result of which people refrain from 

stepping out after dark. Even during a lengthy power cut, they would rather stay indoors than go 

to a park.  Therefore, to empower citizens and help them reclaim urban spaces, adequate and 

reliable street-lighting must be made possible. 

1.3 HOW STREET LIGHTS WORK 

The Delhi Electric Regulatory Commission (DERC) came into existence under Section 17 of 

Electricity Regulatory Commissions Act, 1988 (referred to in here as ERC, 1988). Its main 

function involves determination of tariff for electricity for various purposes in wholesale bulk, or 

retail, as the case may be and to facilitate intra-state power transmission and wheeling of 

electricity. Subsequently, the Government of India notified the Electricity Act 2003 (referred to in 

here as EA, 2003) which repealed ERC, 1988. Due to this Delhi Vidyut Board (referred to in here 

as DVB) was restructured by Government of National Capital Territory of Delhi (GoNCT) by first 

unbundling it on functional lines and then disinvesting the major stake in the distribution business 

i.e. privatisation of distribution business.   
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1.3.1 Introduction of DISCOMs for Delhi  

The model for restructuring of DVB was essentially based on selection of a bidder based on bid 

levels of loss reductions over the opening levels given by the Commission in its order of 22nd 

February 2002. In the method followed for bidding, the bids were invited for taking over the 

distribution companies on a single parameter of Aggregate Technical & Commercial efficiency 

improvement targets for next five years with the equity being sold at par value. Minimum targets 

for efficiency improvement, incentives for overachievement and a methodology for fixing of bulk 

supply tariff was stipulated and was given as policy directive by the Government to DERC. The 

Table 1.1 gives list of distribution licensees functioning in NCT of Delhi. 

Table 1.1.Distribution licensees functioning in NCT of Delhi1 

 

After unbundling the erstwhile vertically integrated DVB, the generation and transmission was 

kept under GoNCTD and managed by government owned companies. The distribution sector was 

privatised and placed under managerial control of the private distribution companies (referred to 

herein after as DISCOMs), vis. BSES Rajdhani Power Ltd. (referred to herein as BRPL), BSES 

Yamuna Power Ltd. (referred to herein as BYPL) and North Delhi Power Ltd. (referred to herein 

as NDPL) came into existence during July, 2002. 

1.3.2 Operational flow of DISCOMs and DERC 

The Commission (DERC) sets goals and objectives for the ensuing year. The most salient feature 

among these has been the determination of targets for Aggregate Revenue Requirement (ARR) for 

each of the distribution utilities, including the electricity tariff to be effective for the ensuing year. 

                                                
1Annual Report, FY 2011-12, www.derc.gov.in, 

http://www.derc.gov.in/Publications/Annual%20Report%20FY%202011-12/Annual%20Report%20FY%202011-

12%20-%20English.pdf, accessed on 15 July 2014 

Name of Distribution Licensee Area of Distribution

BRPL South, South West

BYPL Central, East

TDDPL North, North-West

NDMC Central

http://www.derc.gov.in/
http://www.derc.gov.in/Publications/Annual%20Report%20FY%202011-12/Annual%20Report%20FY%202011-12%20-%20English.pdf
http://www.derc.gov.in/Publications/Annual%20Report%20FY%202011-12/Annual%20Report%20FY%202011-12%20-%20English.pdf
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After extensive research and talks with government officials, a flow diagram for working and 

maintenance of street lights in Delhi was made. In general, there are 4 aspects to working of street 

lights: 

1) Capital Expenditure (CapEx): It is the one time cost sustained for first time installation of 

a street light. 

2) Operation: It is the cost incurred on resources for operation of street lights. The resource 

here is electricity and thus, operation cost will be in terms of electricity bills.  

3) Monitoring: It includes the manpower and other costs to keep an eye over street lights to 

check whether all of the street light’s components are properly working or some repair or 

maintenance is required. 

4) Repair & Maintenance: It is the cost for regular upkeep of street lights and mending of 

damages and replacement needs if any. It generally includes the costs of materials used for 

repair and maintenance. 

The capex for installation of new street lights is paid by Government of NCT of Delhi (GoNCTD) 

to Public Works Department of Delhi (PWD). The PWD charges some amount per HPSV street 

lights installed. 

The responsibility for supply of power for lights has been handed over to DISCOMs. The energy 

cost for public lighting is calculated by DISCOMs at a tariff rate of ₹7.25/unit26 which is paid by 

the respective municipal corporations of Delhi25. 

The street lighting figures are monitored under joint surveys conducted every month by 

DISCOMs28 and the municipal corporations, which forms the basis for making payment by the 

municipal corporations to DISCOMs27 for Street Light Maintenance etc28. 

The amount spent on streetlight as part of R&M expenses26 is recovered from the sponsoring 

agencies like MCD, DDA, PWD, etc28. Sometimes, the DISCOMs further invite tenders to third 

parties for annual maintenance of street lights through a means of Annual Maintenance Contract 

tenders (AMC). 
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The Figure 1.1 demonstrates the operational flow as explained above. 

 

Figure 1.1. Operational System of DISCOMs and Other Agencies2, 3, 4, 5 

Note: Question marks denote information gaps   

                                                
2Delhi govt asks DERC to suspend licences of electricity discoms- 

http://www.livemint.com/Politics/ZJb2ZsyNUwSZlqxQix0eWK/Delhi-govt-asks-regulator-to-suspend-licences-of-

electricity.html, accessed on 14,july 2014 

3TDDPL Tariff Schedule (http://www.tatapower-

ddl.com/cmspage.aspx?section=Regulations&tabname=TPDDL%20Tariff%20%20Schedule&level=1), accessed on 

14, July 2014 

4Delhi govt asks DERC to suspend licences of electricity discoms- 

http://www.livemint.com/Politics/ZJb2ZsyNUwSZlqxQix0eWK/Delhi-govt-asks-regulator-to-suspend-licences-of-

electricity.html, accessed  on 14,july 2014 

5Order on ARR and Tariff Petition for NDPL for 2005-06, 

http://www.derc.gov.in/ordersPetitions/orders/Tariff/Tariff%20Order/TO2005_06/NDPL.pdf, accessed on 15 July 

2014 
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1.4 STREET LIGHTING STATUS OF DELHI 

1.4.1 Existing Scenario 

There are approximately 5.28 lakh (see Figure 1.2) streetlights spread across an area of 15000 

square kilometres in National Capital Territory of Delhi (NCTD). To ensure these 5.28 lakh street 

lights are working, three power distribution companies and governmental NDMC are operating in 

the capital of India (see Map 1.1).  

 

Figure 1.2. Number of Street Lights under Various DISCOMs of Delhi6.7. 8, 9 

Despite presence of such a huge number of street lighting installations, numerous dark spots have 

been reported during the survey done by Delhi Police in different parts of Delhi since 2013. The 

DISCOMs on enquiring, respond by giving various reasons and cite challenges for the proper 

functioning of existing public lighting infrastructure to eliminate dark spots in Delhi. 

                                                
6 BRPL Tender-docuement-for-street-light-amc-FY 14-15-VKS-321-  Source: 
http://www.bsesdelhi.com/HTML/index.html, accessed on 14 july 2014 
7 BYPL Tender-docuement-for-street-light-amc-FY 14-15-VKS-321-  Source: 
http://www.bsesdelhi.com/HTML/index.html, accessed on 14 july 2014 
8 Tata Power-DDL , 15 july 2014 
9 NDMC Chief engineering- I Deptt, 15 july 2014 
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Map 1.1. Area Wise Distribution of DISCOMs10 

Authorities such as BSES, Municipal Corporation of Delhi and NDPL offices were also visited for 

obtaining information on the reasons behind existence of dark spots. The causes given by them 

were divided into managerial issues, financial deficits, technological shortfalls and other reasons. 

Some of the reasons cited by the DISCOMs are as follows: 

1.4.2 Managerial 

The complex bureaucratic system is responsible for delay of payment from government to 

DISCOMs and hence to power generators, who then become inconsistent in supply. 

According to NDPL the maintenance and repair work is done by them on the basis of complaint 

registered by customers. Any problem is rectified within 72 hours of registration. As far as reasons 

                                                
10, http://www.derc.gov.in/ 
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behind dark spots, they mentioned that basically customer complaints are the basis of action and 

if there are no proper complaints from customers, they cannot act upon it. 

When asked about street lights burning during the day, they replied that it’s a rare thing to happen 

and even if it happens it is rectified immediately. 

BSES Rajdhani and BSES Yamuna were not willing to reply to any of our queries regarding the 

operation and maintenance of streetlights in their jurisdiction. 

In some areas, street lights are maintained by PWD and civic agencies while in majority of the 

areas streetlights are looked after by private DISCOMs. There is no single agency responsible for 

an effective coordination between various agencies involved in maintenance of street lights. 

1.4.3 Financial 

There is not sufficient money to pay to the generators as the amount received from government is 

delayed and furthermore the tariffs are absolutely minimal. Thus, a huge financial deficit has been 

built up. For this reason, power cut for street lights has become a regular solution to bridge power 

deficit due to lack of funds. 

DISCOMs have piled up cumulative losses of around ₹75,000 crore and if the present is not 

arrested, projected losses in 2014-15 will reach ₹1.16 trillion, according to a study conducted by 

energy consulting firm Mercados EMI Asia for the 13th finance commission11. 

1.4.4 Technological 

There is no efficient technology to constantly monitor working of lights etc. The operational 

system is too rigid to allow for improvement and replacement of technologies. 

1.4.5 Others 

Although the DISCOMs and the MCDs claimed that the payment to DISCOMs for street lighting 

was paid on basis of joint-monitoring by the DISCOMs and the respective MCD, we could not get 

any concrete information on how this was being executed since as per our calculations, we would 

                                                
11 Live Mint; http://www.livemint.com/Politics/NhIbmxYHj4ux7m7Th9uaKP/Bankrupt-municipal-bodies-unable-to-

provide-street-lighting.html; Published: Mon, Jan 28 2013. 12 13 AM; accessed on 20 July 2014 

http://www.livemint.com/Politics/NhIbmxYHj4ux7m7Th9uaKP/Bankrupt-municipal-bodies-unable-to-provide-street-lighting.html
http://www.livemint.com/Politics/NhIbmxYHj4ux7m7Th9uaKP/Bankrupt-municipal-bodies-unable-to-provide-street-lighting.html
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require one person to walk at least 1.5 to 2 square km every day to check whether 64 street lights 

are operational or not. How this was being done, whether there was any hierarchy to check so and 

countersign; and whether any functionary of the MCD including the Counsellor of a particular 

ward was involved in endorsing the statement of functioning could not be ascertained as no answer 

could be elicited from either the MCDs or the DISCOMs.  

1.5 CRIME AND DARKNESS 

A publication by the Campbell Collaboration in the US suggests that improved street lighting can 

contribute to considerable reduction in crime statistics12. “Improvements in street lighting is not 

all the time aimed to crime prevention – traffic and pedestrian safety are often more important to 

city planners. However, although a belief that ‘lighting streets daunts lurking criminals’ appears 

basic, its relevance is hugely related for both urban and rural spaces to crime issues.” 

1.5.1 Review findings 

This review of various studies on street lighting interventions in the UK and US, covering four 

decades, finds that areas with improved street lighting statuses experienced 21% reduction in crime 

as compared to similar areas without improvement. 

1.5.2 The role of community pride  

Enhanced street lighting is alleged to affect crime in two ways: by increasing surveillance, thus 

discouraging potential law breakers, and by indicating community investment and superiority in 

an area. It is also found that, when street lighting was improved, night time crimes decreased in 

comparison to daylight crimes, proposing that community pride may play a crucial role. Increased 

pride leads to community cohesion and ‘informal social control’ which may be protective against  

crime13. 

1.5.3 Scenario in Delhi  

With scarce police patrolling and inadequate street lighting, some parts of the Capital are turning 

into fertile grounds for criminal activities. ‘Mail Today’ visited North Campus, ITO, highways 

such as GT Karnal bypass and NH-24, Vasant Vihar, Vasant Kunj, Ridge Road and many other 

                                                
12http://www.campbellcollaboration.org/news_/improved_street_lighting_reduce_crime.php 
13www.crim.cam.ac.uk/people/academic_research/david.../lightsw. pdf 



24 

 

residential colonies. While most of the places were well-illuminated, there were some areas where 

streetlights were found to be non-functional14. 

The situation was similar in front of Maulana Azad Medical College in the ITO area, where a 

fourth-year student of the medical college was raped on the terrace of the Khooni Darwaza 

monument on the busy Bahadur Shah Zafar Marg in 200215. The road behind the police 

headquarters at ITO seemed to be the most favourable location for criminals, with no street lights 

or police personnel. Even though the area is not frequently visited during the night hours, but 

darkness on arterial roads can be a breeding ground of criminal activities and a deterrent for people 

to use at night. 

The Vasant Vihar area is well barricaded even in the dead of night but the arterial and connecting 

roads, which lack in streetlights and police presence, could be a site for crimes such as rape and 

murder. 

Shaheed Jeet Singh Marg, which is frequented by Jawaharlal Nehru University students till late in 

the night, bears a ghostly appearance at night. The Ridge Road, which connects Dhaula Kuan to 

Jhandewalan, is notorious with no traffic lights and police patrolling. With an inadequate safety 

arrangement such as this, it is time the citizens are cautioned to being always on their guard with 

the city soon turning into the 'dark Capital’16. 

1.5.4 Remarks 

It is now established that improved lighting should be included as one element of a situational 

crime reduction programme. It is an inclusive intervention benefiting the whole of a 

neighbourhood and leads to an increase in perceived public safety. Improved street lighting is 

associated with greater use of public space and neighbourhood streets by law abiding citizens. 

Especially, if well targeted to a high-crime area, improved street lighting can be a feasible, 

inexpensive and effective method of reducing crime. 

                                                
14http://indiatoday.intoday.in/story/safety-in-delhi-during-night-police-checks-street-light-gangrape/1/238741.html 
15http://indiatoday.intoday.in/story/delhi-crime-rate-records-delhi-police-b-s-bassi/1/355461.html 
16https://keysso.net/community_news/May.../improved_lighting_study.pdf 
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1.6 A CHALLENGE AND AN OPPORTUNITY 

In this dark and depressing scenario, the challenge is to find a solution for eliminating dark spots 

in the city, making our neighbourhoods and roads safer for citizens. The solution should be such 

that it can help us address the challenge of providing sufficient lighting on Delhi’s roads and streets 

without further delay. 

Firstly, we have an increasing number of dark spots and areas in the city due to lack of 

infrastructural facilities, which may be due to insufficient allocation of funds for street-lighting or 

where street lights as part of the development plan are yet to be implemented. This is exacerbated 

by inconsistent supply of power especially for street lights in localities where they exist, but don’t 

come on during the night.  

Although the PWD installs streetlights in different parts of the city as per the budget, development 

norms and guidelines; the DISCOMs are given the responsibility of operation and maintenance of 

these street lights through the Municipal Corporations. However, lack of accountability by 

agencies like the DISCOMs and the Municipal Corporations under whose supervision the street 

lights are operated and maintained, allow streetlights to remain on during the day and off during 

the night with the monitoring authorities probably not bothered to monitor whether the street lights 

are functional when they should be.  

It is only after several incidences in the city which have highlighted the importance of street lights 

and related the absence of lighting to increasing crime, that the aspect of the city infrastructure has 

gained some importance in the present developmental context. Despite this, the norms for O&M 

of the street lights is being flouted even today endangering the lives of citizens who dare to step 

out of their homes in the dark. 

Simultaneously, the absence of street lighting poles or luminaries which are yet to be installed is 

also posing a challenge because more streetlights installed also requires adequate power, which is 

at present in short supply and is not likely to be enhanced in the near future. Therefore, how do we 

address this challenge of fulfilling greater demand amidst power inadequacy/ mismanagement? 

One way is to make the system more efficient by using lighting systems which give more lumens 

per watt like Light Emitting Diodes (LEDs) do. However, this may still not help us eliminate all 
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dark spots even if we find the money to replace all streetlights currently installed having the High 

Pressure Sodium Vapour (HPSV) luminaires with LEDs. Inconsistent power supply and 

fluctuations in power will result in dimming and poor illumination even with efficient luminaries. 

Hence, we need to find a means which will ensure reliable and consistent illumination throughout 

the year to eliminate the dark spots in the city.  

1.6.1 Using Solar Street Lighting Technology  

The opportunity for this lies in solar technology for street lighting. While it relies on a reliable 

source of energy, which is the sun, the technology is able to function well with minimum solar 

insolation and long storage efficiency. It combines well with the LED luminescence technology as 

its panels are photosensitive, and they can also switch off the lights during the day when 

illumination is not required. Most of all, it provides the opportunity to establish infrastructural 

facilities like street lights where there are no street lights or poles, which have been estimated in 

the subsequent chapters, to be quite substantial. This is further significant because it can be done 

without requiring the state or city to purchase additional power for its operation through the grid, 

additional wiring and installation of transformers. Furthermore, a state’s Renewable Purchase 

Obligations (RPOs) can also be fulfilled by using solar energy for meeting some of its demands. 

For Delhi, a laggard state in the matter of fulfilling its RPOs, Solar Street Lighting (SSL) is an 

opportunity to meet one of its important needs like street lighting while also fulfilling its RPOs. 

Most of all, it will eliminate dark spots, which is turning out to be a major safety and equity issue 

in the National Capital. 

In an ever expanding city like Delhi, initial phase-wise replacement of existing High Power 

Sodium Vapour luminaires (HPSVs) with Light Emitting Diodes (LEDs), installation of solar 

powered stand-alone streetlights where there are no street lights altogether and finally retrofitting 

all streetlights with solar panels and sensors for monitoring them could result in achieving a Smart 

Street lighting for Delhi’s citizens for addressing the dark spots issue in the present and in the 

future.   

Therefore, Solar Street Lighting is a great opportunity for Delhi, initially, to meet the challenge of 

eliminating some of the dark spots in the city especially those where there are no poles and later 

explore the possibility of retrofitting all installations where poles are present but where electrical 
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supply is erratic and insufficient with solar panels and sensors for smart monitoring and 

implementation.    

1.7 AIM & OBJECTIVES 

The study aims to understand status of street-lighting in the NCT of Delhi and provide appropriate 

solutions for addressing the different scenarios. This aim will be attained with the help of following 

major objectives: 

1) To examine the status of existing street lights in Delhi, categorize them and find appropriate 

methodology and technology for achieving complete street lighting in Delhi 

2) To estimate the street lights that will be required to be installed and retrofitted with 

appropriate technology in the short term (next one year) and long term (next 10 years) and 

estimate the cost and availability of funds 

3) To develop a roadmap for addressing various issues regarding street-lighting in Delhi and 

describe the phase-wise implementation of the same 

4) To make policy, technical and financial recommendations 

5) To give the cost analysis and cost benefit scenario of the recommended roadmap  



28 

 

CHAPTER  2. METHODOLOGY 

2.1 DEFINING A DARK SPOT 

Prior to the starting of this project Right to 

Information (RTIs) had been filed by Greenpeace 

India in all the 11 districts of Delhi state to get an 

estimate of the dark spots, the reasons thereof and 

locations and status of CCTVs as per the surveys 

conducted by Delhi Police. 

However, at the beginning of the project by 

NIUA, it was necessary to understand the method 

of how the Delhi police had defined and classified 

an area as a dark spot to help us in not only 

describing and mapping but also in estimating the 

number of poles required and their costing etc. 

Therefore, a questionnaire was prepared (see Box 

1) for getting the definition of a dark spot and its 

further classification as per the police department 

in Delhi. Out of the five questions, some were responded to and others were not. Most responses 

were given by the Reader of the SHO in the police stations. 

From the response obtained to the questionnaire, it was found that no specific method was adopted 

to ascertain the dark spots. Generally, the beat constable reported presence of dark spots during 

daily rounds. 

On the basis of experience obtained during ground survey and discussion with the police 

department, it is recommended that an area of complete darkness of minimum 50 square meters 

should be defined as a dark spot. 

Box 1: Questionnaire for Police 

Stations, NCT of Delhi 

Q1. What criterion has been used to define Dark 

spots?    

Q2. Are open spaces and industrial areas 

considered as dark spots or only arterial roads? 

Kindly elaborate methodology of mapping. 

Q3. Who identified the dark spots - Beat 

constable or was a scientific process used for 

identification of dark spots. 

Q4. When was the last mapping of dark spots 

carried out in NCT of Delhi?  

Q5. Have there been any recent dark spot 

related complaints registered and what was the 

action taken? 



29 

 

2.2 DATA COLLECTION 

After the infamous crime incident of December 16th 2012, the Delhi police were directed to 

identify all the dark spots in Delhi. This information on the number of dark spots in Delhi was 

provided by the Delhi Police to GoNCTD, Honourable Delhi High Court and as part of a 

Parliament question in 2013.  

They also provided in response to the RTI replies to the Greenpeace India application. 

The replies were collected by NIUA from the 11 district Police stations. The police 

headquarters had forwarded the RTI application to the different districts which are 

further divided into 47 sub-divisions and a total of 164 police stations (see Map 2.2) 

from which the information was sought and collated by Delhi Police before replying. 
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Map 2.1. Districts of Delhi Police Jurisdiction17 

The format of RTI replies from 10 of the 11 districts was sorted as per the dark spots identified 

into different categories and headings: 

1) Dark spots with no lighting infrastructure (i.e. No Pole) 

2) Dark Spots not improved 

3) New Areas 

4) Dark Spots (unclassified) 

                                                
17 Wikipedia.org, http://en.wikipedia.org/wiki/Districts_of_Delhi_Police#mediaviewer/File:Delhi_districts.svg, 

accessed on 1 June 2014 

http://en.wikipedia.org/wiki/Districts_of_Delhi_Police#mediaviewer/File:Delhi_districts.svg
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5) Street light absent 

6) Street light not working 

 

Map 2.2. Delhi Police Jurisdiction with Spread of Police Stations18 

Maps of the Delhi police jurisdiction and location of police stations were sourced from the Delhi 

Police website. The jurisdiction area is already mapped on GIS and crime statistics data is made 

available to public with a means of an interactive map made available by Delhi Police on their 

website which can be accessed at the URL ‘http://www.delhipolice.nic.in/knowurps.html’. 

                                                
18www.delhipolice.nic.in 
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2.3 ENUMERATION OF DARK SPOTS 

After tabulating the data from RTIs, it was found that a total of 700 dark spots of various categories 

are present in Delhi. There are 11 districts in Delhi namely North, North-East, North-West, South, 

South-East, South-West, East, West, Central, New Delhi and Outer District (see Map 2.3). 

Of these, North district has 78 dark spots; North- East district has 56 dark spots; North- West 

district has 23 dark spots; South district has 41 dark spots; South-East district has 44 dark spots; 

East district has second highest of 161 dark spots; West district has 98 dark spots; New Delhi 

district has lowest of 23 dark spots; Central district has 29 dark spots and Outer district has highest 

number i.e. 177 dark spots. As mentioned above, South-West district did not share any information 

on the basis of the RTI filed by Greenpeace India and subsequently collected by NIUA.  

   

Map 2.3. Location of Districts of Delhi as per state maps 

2.3.1 Comparison with the Rajya Sabha reply  

The total number of dark spots was found to be 700, as gathered from the RTI response. This 

number falls short of the previously mentioned number in the Rajya Sabha reply, which was 1582. 
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Table 2.1. Comparison between the Rajya Sabha Reply and RTI Reply for 10 Districts of Delhi 

 

We have restricted our information source to the RTI replies as obtained from Delhi Police in April 

2014. Data for dark spots was not provided by the South West district in the RTI reply. The reply 

stated, “not related to this branch”. We have not been able to ascertain as to, how the Rajya Sabha 

reply calculated the number of dark spots in Delhi to be 1582. 

2.3.2 Comparison with other sources  

According to the information extracted from RTI replies from 10 District Police Stations, there are 

700 dark spots enlisted in total, excluding South-West District. This corroborates with the figure 

of 700 spots19  that according to Delhi Police are vulnerable to crime as per the news article in 

Jagaran on Jan 19, 2014. These 700 spots were shortlisted after a yearlong survey conducted in the 

year 2013 by Delhi Police after which extensive patrolling and proper follow-ups are being done 

by the Delhi police with the agencies. Thus, we can safely assume that the information on number 

of dark spots given by Delhi Police in response to the RTIs, is more or less reliable, although the 

absence of data from South-West district is a puzzle. South-West is a large district having old and 

upcoming areas and ground survey showed several dark spots. The discrepancy of data between 

that presented in the Rajya Sabha by then Minister, those being cited by the Delhi Police as dark 

spots vulnerable to crime in Jagaran news and the subsequent RTI replies to Greenpeace India; can 

be explained only if it is assumed that of the 1582 dark spots, 882  are in the South West district, 

which for some reason the Delhi Police does not consider as vulnerable to crime and hence the 

South West District Police Station replied to the RTI question as ‘not relating to this department’.  

                                                
19Delhi Police Suggest For Low Street Lights (2014, Jan 19). Retrieved May 31, 2014, from City Plus Jagran: 

http://cityplus.jagran.com/city-news/delhi-police-suggest-for-low-street-lights_1390210347.html 

S.No. District as per Rajya Sabha Replyas per RTI

1 N 159 48

2 NE 122 56

3 NW 51 23

4 S 40 41

5 SE 202 44

SW 277 NA

6 E 251 161

7 W 160 98

8 ND 29 23

9 C 65 29

10 O 226 177

1582 700Total
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2.4 MAPPING OF DARK SPOTS 

The information given on the dark spots was analysed and their spatial location was mapped with 

the help of Google Maps (Google Earth) and translated to GIS software. 

 

Map 2.4. Delhi Map Showing Location of Activity-Wise Dark Spots as per responses to RTIs by 

Greenpeace India; 

Map generated by NIUA using GIS software. 
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Map 2.5. Location of Dark Spots and No Pole Dark Spots. Dark locator icons indicate dark 

spots with no poles 

The dark spots were mapped according to the activity zone of the dark spot location. Map 2.4 

shows the spread of all the dark spots at various locations in Delhi. The dark spots were also 

mapped according to the categories of “no pole dark spots” and others (see Map 2.5). 

2.5 GROUND SURVEY 

Ground Survey was carried out for 8 sample locations situated in different districts across Delhi. 

The dark spots were selected on the basis of ‘Activity’ in that area. Sample spots were marked and 

surveyed on ground. Some of these places were: 

1) Dark spots under North east district.  

2) Dwarka (South west District) 

3) Dark spots under different Northern Districts. 
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It is to be noted that one activity in one district has been ground surveyed. For example, for North-

West district only green spaces were ground surveyed. 

2.6 CATEGORIZATION OF DARK SPOTS 

2.6.1 Classification by Delhi Police  

It appears from our survey and interviews that for reporting a dark spot and compiling related 

information, no specific directives were given to Delhi police. This created non uniformity and 

ambiguity in the formats and the data collected by different police stations. Despite these shortfalls, 

Delhi Police has classified the information under various categories (see section 2.1). 

Based on this classification four categories were made to prepare excel sheets for raw data. These 

categories are unclassified dark spots, new areas, not improved and no pole dark spots (see Table 

2.2).  

Infographic 2.2. Different Classifications of Dark Spots Used By Delhi Police to Report        

Number and Status of Lighting and Dark Spots in Delhi 
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Infographic 2.2. Breakup of Different Classifications of Dark Spots Used By Delhi Police to  

      Report Number and Status of Lighting and Dark Spots in Delhi 

 

 



38 

 

Table 2.2. Different Classifications of Dark Spots Used By Delhi Police to Report Number and 

Status of Lighting and Dark Spots in Delhi 

 

2.6.2 On basis of Type of Adjacent Activity 

The dark spots were then categorized further as per the type of activity carried out in that area and 

seven categories were made (see Table 2.3): 

Table 2.3. Total Number of Dark Spots under Each District and Category20 

 

The seven categories are as follows: Residential areas; parks & playgrounds (open spaces); 

commercial spaces, public spaces and transit stations, are the places most frequented by people. 

These were taken as priority public spaces for further analysis and recommendations for Solar 

Street Lighting systems. Other categories of dark spots were industrial areas and vacant 

spaces/river beds which have comparatively less footfall. 

2.6.3 Need of Activity Based Classification  

In Delhi majority of land is utilized for mixed use. Although, there is no connection between land 

use and dark spots, we felt that street lighting recommendation should be done with regard to the 

                                                
20RTI response, 2014 

DistrictUnclassified Dark SpotsNew Areas No Pole Not Improved Total Nil No. of Police Stations %

N 33 0 11 4 48 5 12 42%

NE 51 5 0 0 56 4 15 27%

NW 20 0 3 0 23 10 14 71%

S 41 0 0 0 41 7 16 44%

SE 15 0 10 19 44 13 17 76%

E 100 0 61 0 161 2 17 12%

W 98 0 0 0 98 2 18 11%

ND 7 0 9 7 23 5 7 71%

C 11 0 1 16 29 8 16 50%

O 97 16 23 41 177 1 15 7%

Total 473 21 118 87 700 57 147 39%

District N NE NW S SE E W ND C O Total

Commercial Areas 9 4 1 5 10 26 10 14 6 10 95

Residential Areas 8 29 9 14 18 64 38 2 7 47 236

Open Spaces 10 4 1 6 3 25 10 1 8 24 92

Transit Stretches & Stations14 13 10 10 10 26 25 0 6 70 184

Public Spaces 5 4 1 3 3 14 7 6 1 16 60

Vacant Land 1 0 1 2 0 5 4 0 1 2 16

Industrial Areas 1 2 0 1 0 1 4 0 0 8 17

Total 48 56 23 41 44 161 98 23 29 177 700
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adjoining activity affecting amount of foot-fall in the respective location. For example, the 

presence of some commercial spaces within residential complex, small incidental parks and vacant 

spaces can be found within the colonies which demand different lighting requirements. 

The activity based division has been based on experience from field survey. Dark spots were also 

divided into spatial categories depending on whether information was available as area (in sq. 

meter), stretch of a street (meter) or a spot. New areas (in the RTI replies) were also considered as 

‘No pole’ dark spots as they were assumed to be lacking in infrastructure. 

2.7 IDENTIFICATION OF NO POLE DARK SPOTS IN PUBLIC 

SPACES  

After classification of dark spots based on adjacent activities, a further emphasis was given to 

identifying dark spots with no infrastructure i.e. dark spots without any pole (referred in this report 

as No Pole Dark Spots). The reason for this emphasis was that no pole dark spots can be addressed 

by stand-alone Solar Street Lights (SSL), a technology which we were specifically exploring to 

alleviate dark spots in Delhi. Furthermore, it was felt that since crime and darkness are related, it 

is essential to address such blacked out spots immediately using an appropriate technology. This 

map was also generated using GIS software after locating them on Google map. 
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Map 2.6. GIS Image of Dark Spots with No Pole Mapped on Delhi Map using GIS software from 

Map 2.5 

2.8 DELIENATING TECHNOLOGY SPECIFICATION FOR 

ELIMINATING ‘NO POLE’ DARK SPOTS  

There are various types of street light fixture installations. For example, single sided, double sided 

and others, which are in vogue depending on location and need. The types of installations depend 

upon the need and utility of the respective locations and thus varies from location to location. 

Depending upon the characteristics of the dark spots, ten categories of installations can be 

suggested for solar street lights (see Table 2.4). These categories vary with type of activity in 

adjacent/vicinity area. For a spot in a commercial area, a high mast street light with four lights will 

be suitable because market places are planned in a manner that they generally have large enough 

central courts. To provide for spots on the boundaries and street stretches along commercial 
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establishment, double sided installation are appropriate. It is mandatory from the security point of 

view that CCTVs are installed with these new installations as market spaces tend to get completely 

desolate during dark hours. 

Based on the above, following ten categories of street lights have been suggested: 

Table 2.4. Activity wise Stand-Alone Solar Street Lights for Different Types of installations 

 

For the no-pole spots in residential areas, four types of installations can be put in place depending 

on the location and need. These are as follows: single sided installation for stretches and spots 

along local neighbourhood roads; single sided installation with CCTV camera for spots which are 

comparatively isolated during night; double-sided installation for streets with greater width with 

medians, for residential boundary walled apartments and complexes for providing illumination 

both inside and outside of the boundary wall; and double sided with mixed height of fixtures (i.e. 

4 meter and 6 meter), in which lower fixture can illuminate footpaths along traffic roads and higher 

fixture will illuminate residential roads. 

The term ‘open spaces’, is a collective term used to include parks, gardens and playgrounds. Since 

open spaces are larger areas with minimal built structures, a high mast (i.e. 10 metres) installation 

will be required. While for paths within the open spaces, shorter single sided installation would be 

appropriate. Also, necessary amount of space can be made available and mini grids can also be 

installed collectively for a park with solar street lights, at a corner spot within the park itself. For 

smaller open spaces such as incidental green spaces, single side installation is ample. The 

Category TYPOLOGY
Installation 

Height (m)

Type of Street Light Fixture 

Recommended

Commercial C1 10 High Mast with 3 CCTV installation

C2 6 Double sided  with CCTV installation

Residential R1 6 Single sided installation

R2 6
Mixed Double sided installation (One 

fixture at 6m ht. and other at 4m ht.)

R3 6
Single sided installation with CCTV 

installation

R4 6 Double sided installation

Open Spaces O1 10 High Mast installation

O2 4
Single sided installation with mini grid 

with batteries

O3 4 Single sided installation

Transit 

Corridors
T 6

Single sided installation with CCTV 

installation
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mounting height for these single sided installations should be kept minimum (i.e. 4 meters) to 

prevent obstruction by trees. 

Under transport activity type, only the dark spots in the vicinity of any transit station (like bus stop, 

railway station, metro station and others) are considered. These spots are found to be latitude-

longitude locations or area in square meters instead of street stretches. Thus, single sided 

installation with a CCTV camera to provide a sense of security and monitoring is apposite.  

For further delineating technology specifications and deciding the required lux for streetlights, 

Service level benchmarks prescribed by the MoUD for the urban transport sector was used. 

Table 2.5. City-wide Level of Service (LOS) of Pedestrian facility21 

 

We have taken the service level benchmark 1 in order to provide lux 8 through street lighting. 

After examining some of the detailed studies of various projects around the country and in certain 

parts of Europe and the US, we can state that lux 8 is an appropriate standard to be considered for 

street lighting. A project carried out by CREE Italia aims to provide 9-10 lux on pavements and 

footpaths. However, as per the MoUD SLB Level 1, 8 lux seems most suitable (see Table 2.5).  

                                                
21SLBs for Urban Transport- MoUD, Government of India, pg 23 

Level of Service Street Lighting (Lux)

1 > = 8

2 6 to 8

3 4 to 6

4 < 4
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CHAPTER  3. A BRIEF NOTE ON SOLAR 

TECHNOLOGY 

Solar street lights are raised lights powered by photovoltaic panels generally mounted on the 

lighting structure. The photovoltaic panels charge a rechargeable battery, which powers a 

fluorescent or LED luminaires during the night. 

3.1 COMPONENTS OF SOLAR STREET LIGHTING SYSTEM 

Solar Panel 

Solar panel is one of the most important parts of solar street lights, as they convert solar energy 

into electricity. There are 3 types of solar panels: mono-crystalline, poly-crystalline and thin film. 

Conversion efficiency of mono-crystalline solar panel is higher than poly-crystalline and thin film 

solar panels respectively. 

Lighting Fixture 

Light Emitting Diode (LED) is usually used as lighting source of modern solar street lights, as the 

LED provides much higher lumens with lower energy consumption. The energy consumption of 

LED fixture is at least 50% lower than a HPSV fixture which is widely used as a lighting source 

in traditional street lights. LED’s lack of warm up time also allows for use of motion detectors, 

which can help in dimming or brightening the light for additional efficiency gains. 

Rechargeable Battery 

A battery stores the electricity from solar panel during the day and provides energy to the fixture 

at night. The life cycle of the battery is very important for the lifetime of the luminaire and the 

capacity of the battery will affect the backup days of the lights. There are usually 2 types of 

batteries: Gel Cell Deep Cycle Battery and Lead Acid Battery. 

Controller 

A controller is programmed to switch on/off charging and lighting. Controllers are programmable 

so that the user can decide the appropriate time of charging, lighting and dimming. 
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Pole 

Strong Poles are a necessary component of all street lights, especially to solar street lights as there 

are components mounted on top of the pole such as: Fixtures, Panels and sometimes even batteries. 

Furthermore, wind resistance should also be taken into consideration when choosing the pole. 

In Delhi, the height of a standard installed pole ranges from 4 to 6 meters for kerb side street lights 

and 10m for high mast, various heights are observed. Thus, we recommend similar heights of poles 

to be used while keeping in mind various hindrances in the illuminating area.   

3.2 TECHNOLOGY REVIEW 

3.2.1 Panel Technology 

A solar panel is a set of solar photovoltaic modules electrically connected and mounted on a 

supporting structure. A photovoltaic module is a packaged, connected assembly of solar cells. The 

solar panel can be used as a component of a larger photovoltaic system to generate and supply 

electricity in commercial and residential applications22. There are 3 different panel technologies 

available (see Table 3.1). 

Mono crystalline 

It is the most efficient in terms of power generation and space. Its life span is the longest as 

compared to others, ranging from 22-25 years. This technology can perform better at low light 

conditions and is more utilisable for warm weather conditions. But high cost is its major 

disadvantage. 

Poly crystalline 

It is moderately priced and has a good efficiency of 13-16%. Though it has lower space efficiency, 

it has a simpler mode of operation with a life span of 20 years. It is considered to be the most 

suitable for lighting solutions for its affordable overall cost. As per the MNRE guideline, the 

minimum efficiency of solar panels should be 12% and polycrystalline panels meet these 

requirements. 

                                                
22 Wikipedia.com, http://en.wikipedia.org/wiki/Solar_panel, accessed on 02 august 2014 
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Thin film 

Though it is less efficient (9%), it is much cheaper due to mass production. It is not durable and 

tends to degrade faster. For equivalent energy production, a thin film panel requires more space 

than other panel technology and hence it is not always feasible to be used in stand-alone solar 

installations. Its efficiency level is below the MNRE guidelines of a minimum of 12%.  

Table 3.1. Various Solar Panel Technologies and Their Characteristics23 

 

3.2.2 LED Lighting 

LED or light emitting diode is an environment-friendly semiconductor lighting system. It 

possesses a number of advantages over the conventional ones. Compact Fluorescent lamps (CFL) 

and LED save on energy consumption costs as compared to standard HPSV lights. 

Advantages of LED Lighting  

1) Reduces power consumption 

2) No cost of replacement of LEDs 

3) LEDs being a no-filament lamp, shock and vibration don’t have any effect on its life. 

                                                
23energyinformative.org, http://energyinformative.org/best-solar-panel-monocrystalline-polycrystalline-thin-film/, 

Dec 2013 

Panel technology Mono-crystalline Poly-crystalline Thin Film 

Conversion Efficiency Highest efficiency (15-
20%) 

13-16% 9% 

Space Efficiency High space-efficiency Lower space-efficiency Require a lot of space, 
costs of PV-equipment 
increase 

Lifespan Long life (25 yrs) Long life (20 yrs) Degrade faster 

Low-light performance Perform better at low-
light conditions. 

Perform well at low-
light conditions. 

Poor performance at 
low light 

Cost Most expensive Simpler and cost less Mass-production is 
simple. Cheapest 

Impact of shading Partially covered with 
shade, entire circuit 
can break 
down. Need micro-
inverters instead of 
central string inverters 

Adverse effect 
moderate 

High temperatures and 
shading have less 
impact. 

High temperature 
performance 

More efficient in warm 
weather 

Lower heat tolerance 

 

http://energyinformative.org/best-solar-panel-monocrystalline-polycrystalline-thin-film/
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4) Life span of around a 100,000 hours 

5) Reduced maintenance costs 

6) Highly energy efficient 

7) LEDs produce 80 lumens per watt; traditional streetlights can only muster 58 lumens per watt. 

8) Contain no toxic chemicals like mercury unlike traditional mercury-vapour lamps or high-

pressure sodium lamps.  

9) Produce directional light - light emitted in one direction, rather than a diffused glow - they can 

be used to direct light on specific areas. 

10) Can be dimmed, allowing for more flexibility in controlling light levels.  

11) Don't produce ultraviolet light, which is what that attracts bugs. 

Table 3.2. A Comparison of Conventional Streetlights to LED24, 25 

 

Luminous Efficacy 

Luminous efficacy is a measure of how well a light source produces visible light. It is equal to 

Lumens per Watt. LED lamps are highly efficient as they have an efficacy of 60 - 80 Lumens per 

Watt. Thus, it can be said that LED is most energy efficient. It can also withstand voltage 

fluctuations better as compared to incandescent bulbs and CFL’s. 

3.2.3 Grid Types 

Off Grid Solar Power 

The term off-grid refers to not being connected to the main or national electrical grid. In electricity, 

off-grid can be stand-alone systems or mini-grids typically to provide a smaller community/area 

with electricity. Off-grid electrification is an approach to accessing electricity used in countries 

                                                
24Energystar.gov; http://www.energystar.gov/index.cfm?c=cfls.pr_cfls_lumens, accessed on 08 June 2014 
25 Wikipedia.com; http://en.wikipedia.org/wiki/Compact_fluorescent_lamp, accessed on 08 June 2014 

Incandescent CFL LED

450 40 9 to 11 6 to 8

800 60 13 to 15 9 to 12

1,100 75 18 to 20 13 to 16

1,600 100 24 to 28 18 to 22

2,400 150 30 to 52 30

Minimum light 

output (lumens)

Electrical power consumption (Watts)
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and areas with little access to electricity, due to scattered or distant population. It can be any kind 

of electricity generation. Off-the-grid (OTG) can refer to living in a self-sufficient manner without 

reliance on one or more public utilities. 

Standalone systems 

For stretches of service road and transit station connecting roads, stand-alone systems can be 

installed along the pavement for the elimination of dark spots. Solar powered remote fixed devices 

have seen increasing use recently, in locations where significant connection cost makes grid power 

prohibitively expensive. 

Mini Grids 

A number of solar panels can be interconnected into a mini grid system and can be operated from 

a single point. It would be useful in centralized manual-control locations such as in parks and 

gardens within gated communities and colonies.  

Although Solar Street Lighting (SSL) may help solve the immediate requirement of addressing the 

lack of Street lights in many dark spots in the capital, there are many limitations of this technology 

which should be adequately addressed. 
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CHAPTER  4. RESULTS AND ANALYSIS 

4.1 NUMBER OF DARK SPOTS 

After the completion of the above methodology we arrived at Figure 4.1 which shows the variation 

of number of Dark Spots with characteristics of a particular district and type of activity dominant 

in that district. 

 

Figure 4.1. Activity-wise Break Up of Dark Spots In 10 Districts of Delhi26 

This graph clearly shows that a) most number of dark spots in most of the districts are in the 

residential areas except in outer district, followed by transit stretches, stations, commercial areas 

and open spaces, where the citizen needs to go; b) It is significant to note that in the New Delhi 

(NDMC) area, the dark spots are in commercial areas frequented by the general citizen and not in 

                                                
26Author, National Institute of India, July 2014 
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residential areas where ministers and bureaucrats reside. Thus installation, O&M of street lights in 

Delhi is an equity issue and is not directed towards the safety of the general citizen.     

4.2 ESTIMATING NO-POLE DARK SPOTS AND TOTAL STAND-

ALONE SOLAR STREET LIGHTS REQUIRED 

4.2.1 Estimating No-pole dark spots  

Some districts provided detailed information on presence or absence of streetlight poles in their 

area. From the available information a ratio of total number of poles to the number of dark spots 

with No Poles was calculated. The percentage of no poles dark spots was found to be about 35% 

of the total dark spots in a given district (see Map 2.6). 

Table 4.1. Percentage of No Poles dark spots out of the Dark Spots for Police Station with Pole/ 

No Pole Information as a means to calculate the percentage of no-pole dark spots out 

of the total dark spots. 

 

* Only for police stations who have mentioned that there is absence of infrastructure or there is no pole 

The total number of dark spots and number of no pole dark spots were tabulated in Table 4.1 for 

all the districts. As already mentioned, since no information about infrastructure was available for 

North-East, South, South-West and West Districts; the percentage of dark spots with no pole 

infrastructure could not be calculated. The number of dark spots in Table 3.4 includes only those 

police station data which have mentioned any information on presence or absence of infrastructure 

i.e. poles and luminaires. Data about absence of infrastructure can be analysed out of absence and 

presence of infrastructure while unclassified dark spots can be excluded. 

S.No. District Dark Spots* No Pole Dark Spots % No Pole Dark Spots

1 N 28 10 36%

2 NE NA 0 -

3 NW 8 5 63%

4 S NA 0 -

5 SE 31 8 26%

6 SW NA NA -

7 E 161 41 25%

8 W NA 0 -

9 ND 16 7 44%

10 C 19 2 11%

11 O 34 14 41%

297 87 29%

35%

TOTAL

AVERAGE
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There is 36% no-pole dark spots in North district; 63% no-pole dark spots in North-West district; 

26% no-pole dark spots in South-East district; 25% no-pole dark spots in East district; 44% no-

pole dark spots in New Delhi district; 11% no-pole dark spots in Central district and 41% no-pole 

dark spots in Outer district of Delhi. The average percentage of no pole dark spots out of other 

types of dark spots comes out to be 35%. This indicates that almost one-third of dark spots in a 

district are those where there is no street light infrastructure at all to illuminate the area.  

Table 4.2. Estimated Number of No Pole Dark Spots in Each District based on calculation 

 

* The data from these districts did not mention any status of the poles. For these according to our study 

we have assumed that of the total dark spots given, 1/3rd of them are dark spots with No Pole 
** No data on dark spots was provided for South-West district. 

For a holistic picture of the status of dark spots and causes of it pole, no pole information, ground 

survey for all the districts is essential. Due to non-availability of no pole dark spots for some 

districts, calculation was done to estimate number of no-pole dark spots for these districts. It has 

been found that almost one-third of total dark spots in each district are no-pole dark spots. Using 

this finding as a basis, it is assumed that one-third of dark spots for other districts are also no-pole 

dark spots and hence the number of total number of dark spots with No-Pole is calculated in Table 

4.2. According to these calculations, it is estimated that there are 20 no-pole dark spots in North-

East district; 14 no-pole dark spots in South district; 34 no-pole dark spots in West district. 

Therefore in total there are 288 dark spots with no street light facility, for which analysis has to be 

done as to the type and technology specifications required to eliminate them. 

S.NO DISTRICT Total Dark Spots

Dark Spots 

with No Poles 

as per RTIs

Assumed Dark 

Spots with No 

Poles

Total Dark Spots 

with No Pole

1 NORTH 48 10 - 10

2 NORTH EAST* 56 NA 20 20

3 NORTH WEST 23 5 - 5

4 NEW DELHI 23 7 - 7

5 CENTRAL 29 2 - 2

6 EAST 161 41 - 41

7 SOUTH* 41 NA 14 14

8 SOUTH EAST 44 8 - 8

9 SOUTH WEST** NA NA - 0

10 WEST* 98 NA 34 34

11 OUTER 177 14 - 14

574 87 201 288TOTAL
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4.2.2 Urgency and Enforcement   

A report on the dark, vulnerable stretches was submitted to the Lieutenant-Governor in January 

2014 by Delhi Police. L-G instructed ‘the civic agencies to light up these areas within 15 days’27.  

‘These stretches include all the routes taken by women while coming back from offices late at 

night, the routes that connect to the major markets, and those that connect to the National Capital 

Regions like Ghaziabad, Gurgaon and Noida’, a senior police officer said28 

According to the police, the L-G’s office had said that all agencies responsible for constructing, 

operating and maintaining roads and public spaces will be made co-accused, along with the 

enforcement agency concerned, in case of any offence against women, children, disabled or senior 

citizens around these areas due to improper lighting27. 

4.2.3 Total number stand-alone street lights required  

It was assumed that these 288 dark spots having no poles, i.e., infrastructure, as identified from 

the RTI responses (although incomplete) required to be eliminated immediately to ensure a 

semblance of safety, which could be done only through stand-alone solar street lights without 

waiting for long procedures of laying electric lines where none existed and procuring equipment.     

                                                
27 The Hindu; http://www.thehindu.com/todays-paper/tp-national/tp-newdelhi/vulnerable-stretches-yet-to-be-lit-

up/article5584831.ece, accessed on 12 July 2014 
28http://www.hindustantimes.com/india-news/newdelhi/dark-stretches-a-haven-for-criminals/article1-974753.aspx 

(Crime-Dark Spots) 

http://www.thehindu.com/todays-paper/tp-national/tp-newdelhi/vulnerable-stretches-yet-to-be-lit-up/article5584831.ece
http://www.thehindu.com/todays-paper/tp-national/tp-newdelhi/vulnerable-stretches-yet-to-be-lit-up/article5584831.ece
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Table 4.3. District-Wise Number of Solar Street Lights of Each Type of Installation for No Pole 

Dark Spots used for calculating the actual number of SSLs required 

 

NE, S, SW, W districts: Data from these districts did not mention any status of the poles hence determining 

the type of installation is not possible. 

Table 4.4. District-Wise No-Pole Dark Spots under Various Activities Zones and Minimum 

Total Number of SSLs (including assumed number of no poles) Required To Be 

Installed to eliminate current dark spots: 

 

* No information about presence or absence of poles can be obtained from RTIs for these districts and we 

have assumed that dark spots with no poles to be 1/3rd of total dark spots 
** The number of SSL required is assumed to be 1 per dark spot as each would need at least 1 street light. 

*** No data on dark spots was provided for South-West district 

S.No. Type of SSL Lighting Fixture N NE NW S SE SW E W ND C O TOTAL

1
High Mast with 3 CCTV 

installation
0 0 2 0 0 0 1 0 0 0 1 4

2
Double sided  with CCTV 

installation
28 0 0 0 0 0 19 0 0 48 19 113

3 Single sided installation 78 0 41 0 15 0 107 0 71 0 17 328

4
Mixed Height Double sided 

installation (6 & 4m)
0 0 14 0 0 0 34 0 21 0 0 69

5
Single sided installation with 

CCTV installation
0 0 0 0 7 0 42 0 0 0 15 63

6 Double sided installation 0 0 0 0 0 0 9 0 0 0 0 9

7 High Mast installation 1 0 0 0 0 0 5 0 0 0 2 8

8
Single sided installation with 

mini grid with batteries
0 0 0 0 762 0 385 0 0 0 14 1161

9 Single sided installation 0 0 7 0 0 0 12 0 4 0 38 62

10
Single sided installation with 

CCTV installation
0 0 72 0 0 0 16 0 0 26 0 114

107 0 136 0 783 0 628 0 97 73 105 1930TOTAL

S.No. Districts

Dark Spots 

with

No Poles

Commercial Residential
Open 

Spaces

Transit 

Stations

Length

(m)

Area

(m²)

Estimated No. 

of SSL 

Required

Assumed No. 

of SSL 

Required**

Total No. of 

SSL Required

1 N 10 4 3 3 0 2110 5645 107 0 107

2 NE* 0 20 20

3 NW 5 0 3 1 1 2548 22351 136 0 136

4 ND 7 7 0 0 0 1786 0 97 0 97

5 C 2 1 0 0 1 1467 0 73 0 73

6 E 41 12 18 9 2 0 64248 628 0 628

7 S* 0 14 14

8 SE 8 2 5 1 0 0 0 783 0 783

9 SW*** NA 0

10 W* 0 34 34

11 O 14 3 4 7 0 2631 1837 105 0 105

87 29 33 21 4 10542 94081 1929 68 1998

C
a
te

g
o

ry

Total

-

-

-

-
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Infographic 4.1 District-Wise No-Pole Dark Spots under Various Activities Zones and  

     Total Number of SSLs (including assumed number of no poles) required  

     To Be Installed 

** The number of SSL required is assumed 

to be 1 per dark spot as each would need at 

least 1street light. 

*** No data on dark spots was provided 

for South-West district  

 

4.3 TOTAL SOLARISATION 

OF DEFICIT DARK SPOTS 

4.3.1 Efficiency and Efficacy of 

Solar street lighting in comparison 

to traditional street lights 

The streetlights in Delhi typically use High 

Pressure Sodium Vapour (HPSV) lamps 

that draw power from the grid. These range 

from 70W to 150W and despite their high 

luminous efficacy have a low CRI (see 

Table 4.5). 

Colour Rendering Index (CRI) is a measure 

of how well colours can be perceived using 

light from a source, relative to light from a 

reference source such as daylight or a 

blackbody of the same colour temperature 

(see Table 4.5). The HPSV lamps produce a 

yellow-orange light that is particularly not 

pleasing to the eyes. 
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*No information about presence or absence 

of poles can be obtained from RTIs for these 

districts and we have assumed that dark spots 

with no poles to be 1/3rd of total dark spots 
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Table 4.5. Comparison of Efficacy, CRI and Lifespan of Generally Used Lamps for Street 

Lighting29 

Type of Lamp  Luminous Efficacy 

(Watt) 

Colour 

Rendering  

Index 

Application Typical Life 

(Hours)  

Range Average 

Incandescent  8-18 Avg. 14 Excellent  1000  

Fluorescent Lamps  

 

46-60 50 Good Offices, shops, 

hospitals,  
homes  

 

5000 

Compact 

fluorescent 

lamps (CFL)  

 

40-70 60 Very good Hotels, shops, homes,  

offices  

 

8000-10000 

High pressure  

mercury (HPMV) 

44-57 50 Fair flood lighting 5000  

Halogen lamps   18-24 20 Excellent flood lighting 2000-4000 

High pressure  

sodium (HPSV)  

 

67-121 90 Fair street lighting  

 

6000-12000 

Low pressure  

sodium (LPSV) 

101-175 150 Poor street lighting 6000-12000 

 

The conventional streetlights have certain problems: 

1) Low life span of lamp require frequent replacement of light fixtures 

2) They are dependent on the grid supply that is already in poor condition. 

3) They produce a non-uniform, omni-directional light. 

Light Emitting Diode (LED) lamps or Solid State Lamps have a high efficacy and a clearly longer 

lifespan than any other lamp. They have an excellent CRI and provide a better quality of light in 

lower wattage. A lower wattage also ensures that the solar panel and batteries can meet the 

requirements of lux and luminescence. Hence LEDs are good for conventional and solar 

installations. 

 

 

 

                                                
29http://beeindia.in/energy_managers_auditors/documents/question_bank/3.8_Lighting_system.pdf 
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Electrical Power Equivalents for differing lamps

 

4.3.2 Other Advantages of LED 30 

- Life span of more than 50,000 hours 

- Reduced maintenance costs 

- Suitable for places where replacing light bulbs is expensive 

- Highly energy efficient 

- LEDs produce 80 lumens per watt; traditional streetlights can only muster 58 lumens per watt  

- Contain no toxic chemicals like mercury unlike traditional high-pressure sodium lamps or 

mercury-vapor lamps.  

- Produce directional light -- light emitted in one direction rather than a diffused glow -- they can 

be used to direct light on specific areas. 

- Can be dimmed, allowing for more flexibility in controlling light levels.  

- Don't produce ultraviolet light, which is what attracts bugs. 

4.3.3 Implementation Plan 

For All day Burning Street Lights 

It is advisable to retrofit conventional street lights with sensors so that it is switched on at dusk 

and switched off at dawn. The cost of a sensor ranges from ₹500-1000, which is a minimal amount 

as compared to amount of electricity wasted if the street lights remain burning and the expenses 

are saved. 

                                                
30 Rosenthal and Barringer, http://www.nytimes.com/ 
 

Incandescent CFL LED

450 40 9 to 11 6 to 8

800 60 13 to 15 9 to 12

1,100 75 18 to 20 13 to 16

1,600 100 24 to 28 18 to 22

2,400 150 30 to 52 30

Minimum light 

output (lumens)

Electrical power consumption (Watts)
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Dark Spots with Infrastructure  

For dark spots where at least pole is present but the street light is not in working condition due to 

absence of light bulb or electricity shortages, LEDs retro-fitted with light sensors is the appropriate 

option. The infrastructure has to be then strengthened through efficient governance systems i.e. 

proper monitoring devices (sensors and chips for measuring energy use). People’s participation 

for monitoring whether these lights are functioning properly and at appropriate times should also 

increase. 

No-Pole dark spots 

As discussed in various sections above for dark spots with no infrastructure at all, stand-alone solar 

street lighting systems have been found to be feasible with a pay-back period of 6 years. These 

lighting systems will have LED bulbs and sensors installed with it for switching on and off.  

4.3.4 HPSV Lighting v/s LED Lighting  

                                HPSV                    LED
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4.4 COST ANALYSIS 

4.4.1 Conventional HPSV Street Lights Versus LED Retro-fittings 

Table 4.7 Cost Comparison and Pay Back Period Calculation for Retro-Fitting LED on 

Conventional Street Lights 

 

The conventional streetlights in Delhi largely use high pressure sodium vapour (HPSV) lamps 

with wattages varying from 400W to 70W. Due to better luminous efficacy and colour rendering 

properties a LED luminaire of 40W can replace a 70W HPSV31.  

1. Technical and cost analysis  

The current tariff for public lighting in Delhi is ₹7.60* per unit32 and though it has only been 

increasing by 2% annually, the domestic tariffs have risen from ₹1.37 in 2002 to ₹5.87 in 2013, at 

a 14% CAGR. Several reports indicate that the purchase cost from the power generators has risen 

by around 300% in the past 10 years and the DISCOMs in Delhi are incurring losses regularly. 

Thus, the tariff for public lighting is considered to increase at least by 14% annually, if it is to 

justify the increase in prices by power generators. 

                                                
31 BSES Tender Document for AMC, www.bsesdelhi.com/docs/pdf/Tender_Notice_Steet_Light_AMC_109.pdf , 

p35, accessed on 15 July 2014 
32 BSES tariff document, http://www.bsesdelhi.com/docs/pdf/BYPL-TARIFF-14.pdf, accessed on 15 July 2014 

Electricity Electricity

Rate/unit(kWh) Annual Cost Rate/month Annual Cost Annual Cost Rate/month Annual Cost

0th 2014-15 7.25₹                   2,408₹               103.00 1,236₹          3,644₹            1,059₹          -₹            -₹             1,059₹    2,586₹                  

1st 2015-16 8.27₹                   2,745₹               112.26 1,347₹          4,092₹            1,207₹          -₹            -₹             1,207₹    2,886₹                  5,471₹               

2nd 2016-17 9.42₹                   3,130₹               122.35 1,468₹          4,598₹            1,376₹          25.00₹        300₹             1,676₹    2,922₹                  8,393₹               

3rd 2017-18 10.74₹                 3,568₹               133.34 1,600₹          5,168₹            1,568₹          27.25₹        327₹             1,895₹    3,273₹                  11,666₹             

4th 2018-19 12.24₹                 4,067₹               145.33 1,744₹          5,811₹            1,788₹          29.70₹        356₹             2,144₹    3,667₹                  15,333₹             

5th 2019-20 13.96₹                 4,637₹               158.39 1,901₹          6,537₹            2,038₹          32.38₹        389₹             2,427₹    4,111₹                  19,444₹             

6th 2020-21 15.91₹                 5,286₹               172.63 2,072₹          7,357₹            2,323₹          35.29₹        423₹             2,747₹    4,610₹                  24,054₹             

7th 2021-22 18.14₹                 6,026₹               188.14 2,258₹          8,283₹            2,649₹          38.47₹        462₹             3,110₹    5,173₹                  29,227₹             

8th 2022-23 20.68₹                 6,869₹               205.05 2,461₹          9,330₹            3,019₹          41.93₹        503₹             3,523₹    5,807₹                  35,034₹             

9th 2023-24 23.58₹                 7,831₹               223.48 2,682₹          10,513₹          3,442₹          45.70₹        548₹             3,991₹    6,522₹                  41,557₹             

46,566₹             18,768₹        65,334₹          20,469₹        3,309₹          23,777₹  41,557₹                Total

Total Total Annual Savings
Cumulative 

Savings 

Electricity Tariff
Year

High Pressure Sodium Vapour (HPSV) Luminaire Light Emitting Diode (LED) Luminaire

Repair and MaintenanceRepair and Maintenance

Savings on each SL retrofitted

http://www.bsesdelhi.com/docs/pdf/Tender_Notice_Steet_Light_AMC_109.pdf
http://www.bsesdelhi.com/docs/pdf/BYPL-TARIFF-14.pdf
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2. Efficiency 

The average operational duration of a streetlight is around 10 hours per day. The system loss of 

HPSV lamps is around 30% due to ballast whereas the LED luminaires have negligible increase 

in system wattage due to losses. 

Table 4.6. A Wattage, Units Consumed Annually, Actual Consumption (in kWh) for HPSV 

Bulbs and LED Bulbs 

 

3. Operation and Maintenance (O&M) costs 

The DISCOMs are currently paid ₹103 per light point per month31 to repair and maintain the HPSV 

streetlights, increasing at a CAGR of around 9%, considering past rates. The current LED 

luminaires boast of an operational life of 50000 hours, i.e. around 13 years at an operational 

duration of 10 hours per day. The O&M cost of a LED fixture has been estimated to be not more 

than ₹25 per month. This rate has also been increased at a generous annual rate of 9%. An initial 

two year warranty has also been considered for a LED retrofit. 

4. Savings and Payback 

The LED fixture saves costs on both electricity and maintenance. These retrofits equipped with 

light sensors will resolve the issue of inconsistent operation and wastage of electricity caused due 

to street lights burning during the day. A 40W LED luminaire costs around ₹2400033 and thus a 

payback of 6-7 years can be safely assumed (see Table 4.7). Sensors cost ₹500-1000 per unit.  

                                                
33 BAJAJ Electricals, bajajelectricals.com/download/Luminaries.../Luminaires_Price_List.pdf, accessed on 15 July 

2015 

Type Wattage (W) Units/day Units/year Losses Actual Consumption (kWh)

HPSV 70 0.7 255.5 30% 332.15

LED 40 0.4 146 0% 146
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LED luminaire streetlights (10 years):  

•70W HPSV light is equivalent to 40W of LED lights 

•Consumption: 146 kw/h + 0% loss = 146 kw/h 

•Sum of electricity cost for 10 year = ₹ 20,469 (A)  

O & M  
(2 years without repairs and maintenance cost) 

• Repair cost = ₹ 25/month for the 3rd year 

• Increasing it by using a formula: (1+CAGR)*previous year 

unit cost.  

•10 years O&M = ₹ 3309 (B) 

Total expenditure= A+B = ₹ 23,777 

Total Savings: ₹ 41,557 

Conventional streetlights for 70W (10 years) 

•Consumption: 255.5 kw/h + 30% loss = 332.15 kw/h 

•Annual cost in 2014-15:  

 (annual consumption, ₹ 2408) x  

 (electricity tariff, ₹ 7.25 kWh) 

•(10 years) x (₹1.14 kWh increase per year) 

Total amount = ₹ 46,566 (A) 

O & M 

•₹103 per month making it ₹1236 

•Unit costs increase: (1+CAGR)*previous year unit cost, CAGR assessed 

as 9%. 

•10 years O&M= ₹ 18,768 (B) 

Total expenditure= A+B = ₹ 65,334 

 



61 

 

4.4.2 Cost Analysis of replacing HPSV by LED luminaires in existing street 

lights 

Cost analysis in INR of LED retrofitting shows how it is beneficial and why they should be used 

for retrofitting existing streetlights with LED lights. 

 

Graph 1 
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Graph 2 

Street lights having HPSV lights are generally of 70 wattage which consumes 255.5 kw/h in a year 

with losses of 30%, having an actual consumption of 332.15 kw/h in a year. Annual cost of 

electricity in year 2014-15 would be ₹2408 which is product of annual consumption and electricity 

tariff of that year which happens to be ₹7.25 kw/h. Summing up, electricity cost to 10 more years 

with an increase of ₹1.14 kw/h every year in tariff makes the total amount ₹46,566. 

Repair and maintenance costs ₹103 per month, making it ₹1236 annually for the year 2014-15. 

Unit costs increase every year by using the formula (1+CAGR)* previous year unit cost, where 

CAGR was assessed as being 9%. Adding up maintenance cost for 10 years gives a total amount 

of ₹18,768 and the total expenditure amounts to ₹65,334 

Now if we compare LED lights, expenditure incurred is far less than HPSV lights. About 70 

wattage of HPSV light is equivalent to 40 wattage of LED lights which consumes 146 kw/h in a 

year with no losses unlike HPSV, thus making the sum of total electricity cost incurred for a period 

of ten years to ₹20,469. LED lights can work for a period of two years without repairs and 

maintenance cost, and hence taking repair cost of ₹25 per month for the 3rd year and increasing it 

by using a formula (1+CAGR)* previous year unit cost, we can get total R&M cost. 
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A total of repair maintenance cost for period of ten years comes to ₹3309 and the total expenditure 

for R&M amounts to ₹23,777. 

 

Graph 3 

87944 lights every year of existing 527,662 street lights can be retrofitted with LED lights with a 

payback period of 8 or 6 years based on the cost per LED which might be ₹20,000 or ₹15,000. 

Cost of retrofitting all existing street lights is ₹2,110,648,000 if the cost of the LED is ₹20,000 

and ₹1,319,155,000 if the LED costs ₹15,000 per unit respectively.  

 

         

Retro-fitting:  

Total No. of Streetlights = 527,662 

Total Cost of Retrofitting Installation = ₹1950 Cr  

(based on the cost of double-sided installation) 

No. of Streetlights to be retro-fitted per year  

= 87,944 

Cost of Retrofitting Installation per year = ₹325 Cr  

(based on the cost of double-sided installation) 
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4.4.3 Eliminating identified dark spots using Conventional HPSV Street Lights versus LED 

Stand-alone Solar Street Lights 

1.  Cost 

The cost of a stand-alone 40W LED solar street light is around ₹80,000, whereas setting up a 

HPSV streetlight and connecting it to the grid will cost not less than ₹50,000. 

Table 4.7. Cost Comparison and Pay Back Period Calculation including savings for Stand Alone 

Solar LED against installing Conventional Street Lights 

 

2. Repair and Maintenance (R&M) of a solar street light  

The solar panels and LED fixtures do not require any significant maintenance for about 10 years. 

The solar panels though may need to be cleaned periodically to ensure maximum generation. The 

batteries however, need to be replaced every 2-3 years and thus an R&M cost of ₹3600 per 

streetlight per year has been considered. An initial warranty of 2 years has been also been 

considered. 

3. Savings and Payback 

There are several institutional and social benefits of installing a stand-alone solar street light in 

areas which are sans streetlights currently. The solar street lights save monetarily too and will pay 

back the additional sum of around ₹30000 (as compared to the alternative of HPSV streetlight) in 

about 8 to 9 years (see Table 4.7).  

Electricity Electricity

Rate/unit(kWh)

Annual 

Cost Rate/month Annual Cost Annual Cost Rate/month Annual Cost

0th 2014-15 7.25₹                   2,408₹         103.00 1,236₹           3,644₹    -₹             -₹            -₹             -₹        3,644₹                

1st 2015-16 8.27₹                   2,745₹         115.52 1,386₹           4,132₹    -₹             -₹            -₹             -₹        4,132₹                7,776₹                        

2nd 2016-17 9.42₹                   3,130₹         129.57 1,555₹           4,684₹    -₹             300.00₹      3,600₹          3,600₹    1,084₹                8,860₹                        

3rd 2017-18 10.74₹                 3,568₹         145.33 1,744₹           5,312₹    -₹             318.20₹      3,818₹          3,818₹    1,493₹                10,353₹                      

4th 2018-19 12.24₹                 4,067₹         163.00 1,956₹           6,023₹    -₹             337.50₹      4,050₹          4,050₹    1,973₹                12,326₹                      

5th 2019-20 13.96₹                 4,637₹         182.82 2,194₹           6,830₹    -₹             357.97₹      4,296₹          4,296₹    2,535₹                14,861₹                      

6th 2020-21 15.91₹                 5,286₹         205.05 2,461₹           7,746₹    -₹             379.69₹      4,556₹          4,556₹    3,190₹                18,051₹                      

7th 2021-22 18.14₹                 6,026₹         229.99 2,760₹           8,786₹    -₹             402.72₹      4,833₹          4,833₹    3,953₹                22,004₹                      

8th 2022-23 20.68₹                 6,869₹         257.95 3,095₹           9,965₹    -₹             427.15₹      5,126₹          5,126₹    4,839₹                26,843₹                      

9th 2023-24 23.58₹                 7,831₹         289.32 3,472₹           11,303₹   -₹             453.06₹      5,437₹          5,437₹    5,866₹                32,709₹                      

10th 2024-25 26.88₹                 8,927₹         324.50 3,894₹           12,821₹  -₹             480.54₹      5,767₹          5,767₹    7,055₹                39,764₹                      

55,493₹       25,753₹         81,246₹  -₹             41,482₹        41,482₹  39,764₹              

Repair and Maintenance

Total

Savings on each LED SSL installed

Annual Savings Cumulative Savings 

Total

Year

Electricity Tariff
Repair and Maintenance

Total

High Pressure Sodium Vapour (HPSV) SL Solar Light Emitting Diode (LED) SL
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Different manufacturers and suppliers based in India were consulted to get an idea of range of 

cost of a stand-alone solar street lighting system. One of the suppliers namely, Aura Rays® 

provided an estimation based, lux required and height of the pole (see Table 4.8). 

Table 4.8. Costing by Aura Rays 

 

Costing by Tata BP Solar® was also taken for the same (see Table 4.9). A standard lux of 8 was 

fixed in response to which they gave an estimate based on the wattage required and the height of 

the pole. 

Table 4.9. Cost by Tata BP Solar 

 

 

4.5 COSTING ESTIMATES 

An estimation of the installation cost is done on the basis of costing provided by different suppliers. 

The cost for installation of high mast coupled with 3 CCTVs, double side with CCTV, single sided 

in commercial areas, mixed height of 6 and 4 meters, single sided with CCTV installation, double 

sided, high mast solar street light, single sided installation with mini grid, single sided installation 

•institutional and social benefits of installing a stand-alone solar street light.  

•solar street lights save monetarily too  

•pay back the additional sum of around ₹30000 (as compared to the alternative of 

HPSV streetlight) in about 8 to 9 years  
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of 4 meter pole height and single sided installation with CCTV for transit station come out to be 

₹1,10,400 per solar street light(SSL), ₹67,400 per SSL, ₹48,400 per SSL, ₹66,800 per SSL, 

₹49,000 per SSL, ₹66,800 per SSL, ₹1,08,600 per SSL, ₹42400 per SSL, ₹42,400 per SSL and 

₹49,000 per SSL respectively. 

Table 4.10. Estimated Cost of Installation for Each Typology (all units are in INR)34 

 

The total amount that will be required for installation of Solar Street Lights only in dark spot 

locations with no pole is ₹9.61 crores approximately (see Table 4.11).  

 

 

 

 

 

                                                
34ww.ebay.com, www.solarilluminations.com, www.bajajindia.com accessed on 15 July 2014 
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4.6 TYPES OF FIXTURES, INSTALLATION COST, COST PER 

DISTRICT  

(INFOGRAPHIC AS PER TABLE 4.3) 

C1: High Mast with 3 CCTV Installations: 

In this type of installation, 4 fixtures, 4 solar panels, 4 batteries and three CCTVs on a pole of 10m 

height are provided. Total quantity to be installed is four, which will cost ₹0.04 Cr. 
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C2: Double Sided with 3 CCTV Installations: 

 

In this type of installation, 2 fixtures, 2 solar panels, 2 batteries and one CCTV on a pole of 6m 

height are provided. Total quantity to be installed is 113, which will cost ₹0.76 Cr. 
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R1: Single Sided Installations: 

 

In this type of installation, a fixture, a solar panel, a battery on a pole of 6m height are provided. 

Total quantity to be installed is 328, which will cost ₹1.59 Cr. 
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R2: Mixed Size Double Sided Installations: 

 

In this type of installation, 2 fixtures, 2 solar panels, 2 batteries on a pole of 6m height are provided. 

Total quantity to be installed is 69, which will cost ₹0.46 Cr. 
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R3: Single Sided Installations with a CCTV: 

 

In this type of installation, 1 fixture, 1 solar panel, 1 battery and a CCTV on a pole of 6m height 

are provided. Total quantity to be installed is 63, which will cost ₹0.31 Cr. 
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R4: Double Sided Installations: 

 

In this type of installation, 2 fixtures, 2 solar panels, 2 batteries on a pole of 6m height are provided. 

Total quantity to be installed is 09, which will cost ₹0.06 Cr. 
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O1: High Mast Installations: 

 

In this type of installation, 4 fixtures, 4 solar panels, 4 batteries on a pole of 10m height are 

provided. Total quantity to be installed is 08, which will cost ₹0.08 Cr. 
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O2: Single Sided Installations with mini grid: 

 

In this type of installation, 1 fixture, 1 solar panel, 1 battery on a pole of 6m height are provided. 

Total quantity to be installed is 1161, which will cost ₹4.92 Cr. 
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O3: Single Sided Installations: 

 

In this type of installation, 1 fixture, 1 solar panel, 1 battery on a pole of 4m height are provided. 

Total quantity to be installed is 62, which will cost ₹0.25 Cr. 
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T1: Single Sided Installationps with mini grid: 

 

In this type of installation, 1 fixture, 1 solar panel, 1 battery and a CCTV on a pole of 4m height 

are provided. Total quantity to be installed is 114, which will cost ₹0.55 Cr. 

The total number of street lights required for covering all the no-pole dark spots comes out to be 

1998 (actually it would be much more, but since four districts of the 11 districts haven’t provided 

the classification of the category of the dark spots, estimate of only one street light per estimated 

dark spot has been taken for calculation. However, after ground surveys, if allowed to be done, the 

actual number of street lights required will be evident). The number of street light required for 

each typology is given in the Table 4.3. Based on the estimated cost of different typologies per 

street light and the total number of street lights required, total amount of money required for 

installation of these 1998 stand-alone street lights is estimated. 
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Combining Table 4.4 and 4.10, we get Table 4.11, which gives 

the cost of installing 1998 solar stand-alone street lights in the 

dark spots where there are none. 

 

 

 

Table 4.11. Total Estimated Cost (INR) of Installation for Every Typology35 

 

The minimum amount required for each type of solar street light installation and total minimum 

amount required for different districts is ₹9.61 Cr as given in the infographic 4.2 below. 

                                                
35Author, National Institute Urban Affairs, Delhi, July 2014 

S.No. Type of SSL Lighting Fixture N NE* NW S* SE SW** E W* ND C O

1
High Mast with 3 CCTV 

installation
-             1,568,000 218,970      1,148,000 -               -   113,935       2,744,000   -             -             110,800      

2
Double sided  with CCTV 

installation
1,872,520   -             -               -   1,264,120    -             3,215,394  1,257,360   

3 Single sided installation 3,773,300   1,974,362   712,950        -   5,172,428    3,461,639   -             814,800      

4
Mixed Height Double sided 

installation (6 & 4m)
-             933,214      -               -   2,263,643    1,422,889   -             -             

5
Single sided installation with 

CCTV installation
-             -             319,150        -   2,040,105    -             -             736,500      

6 Double sided installation -             -             -               -   615,407       -             -             -             

7 High Mast installation 109,000      -             -               -   512,302       -             -             218,000      

8
Single sided installation with 

mini grid with batteries
-             -             32,391,800   -   16,354,000  -             -             591,600      

9 Single sided installation -             312,679      -               -   510,000       186,393      -             1,621,800   

10
Single sided installation with 

CCTV installation
-             3,525,380   -               -   785,600       -             1,266,264  -             

5,754,820   1,568,000 6,964,605   1,148,000 33,423,900   -   29,631,541  2,744,000   5,070,920   4,481,658  5,350,860   

TOTAL 96,138,305

SUB TOTAL

 

 Street Lights for 

DarkSpots: 

Total No. of Streetlights = 

 1998 

Total Cost of Installation =  

Rs. 9.61 Cr 

(which includes cost of 

assumed number of 

streetlights for districts 

which has no data)  
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Infographic 4.2 Fund Allocation for Various Districts 
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Bringing forward cost of retrofitting existing streetlights with solar panels and LEDs per year: 

Retro-fitting:  

Total No. of Streetlights = 527,662 

No. of Streetlights to be retro-fitted per year = 87,944 

Cost of retrofitting installation per year = ₹325 Cr for six years  

(based on the cost of double-sided installation) 

Total Cost of retrofitting existing installation = ₹1950 Cr  

(based on the cost of double-sided installation) 

Total funding requirement for stand-alone solar street lights for six years assuming that the number 

of stand-alone solar installations will also increase and is likely to be  ₹30 Cr,  

Total funding required for retrofitting plus stand-alone solar street lights = ₹1980 crores, which 

would be ₹330 crores per year for 6 years.   

4.7 FUNDING AND SUBSIDIES 

4.7.1 National Funds and Subsidies 

The new Union Budget (2014) of India has allocated considerable funds under ‘power reforms’ 

and ‘Women & Child Development’. Some percentage of these funds can be utilised for providing 

funding for capex for retrofitting and stand-alone solar street lighting. The basis of percentage here 

is the ratio of number of activities for which funds have been generated and general understanding. 

Power Reforms 

The NDA government allocated ₹700 crore to overcome the problem of power transmission and 

water distribution system in Delhi while presenting of National Budget on 10th July 2014. While 

presenting the budget, Finance Minister Shri. Arun Jaitley proposed ₹200 crore alone to be set 

aside for reform in the power sector36 for the country. 

Majority of the funds have been lexically motivated for renewable energy generation of which 

solar forms the most prominent part. Since no further details of this allocation could be obtained, 

                                                
36 The Economic Times; http://articles.economictimes.indiatimes.com/2014-07-10/news/51301241_1_water-sector-

rs-500-crore-power-transmission; accessed on 11 July 2014 

http://articles.economictimes.indiatimes.com/2014-07-10/news/51301241_1_water-sector-rs-500-crore-power-transmission
http://articles.economictimes.indiatimes.com/2014-07-10/news/51301241_1_water-sector-rs-500-crore-power-transmission
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and annual reports of various DISCOMs suggests that as much as 6-8% of the power is consumed 

for street lighting in Delhi, we safely assume that 10% of the power reforms budget can be utilized 

for reforms in street lighting. Thus, ₹20 crores in funds are assumed to be available for utilization 

for power reforms through solar street lighting. 

Women Safety Funds 

India on whole have been provided ₹300 crores for Women and Child Development from which 

if 5% is allocated for Delhi for being one of the unsafe cities, then it would make ₹15 crores for 

whole of NCT, from which if 10% is allocated for street lighting then this fund would provide 

₹1.5cr. 

Women and Child Development scheme according to union budget 2014 provides for: 

1) Outlay of ₹50 crores for pilot testing a scheme on “Safety for Women on Public Road 

Transport”. 

2) Sum of ₹150 crores on a scheme to increase the safety of women in large cities. 

3) Additional provisions and outlays have been made under ‘Beti Bachao, Beti Padhao 

Yojana’ and creation of ‘crisis management centres’ in government and private hospitals. 

 Out of these if 5% is allocated for Delhi for being one of the unsafe cities, then it would make ₹15 

crores for improving safety and security of women in NCTD. Further, if we assume to dedicate 

10% (for the reason as explained in ‘section 5.7.1 sub-heading E’ of this report), which comes out 

to be ₹15 crores for street lighting, then this fund would provide us with ₹1.5cr. 

Women and Child Development scheme according to union budget 2014 provides for ₹50 crores 

for pilot testing a scheme on “Safety for Women on Public Road Transport”. The details of this 

allocation is not available but we can say that this will include ensuring constant tab on conditions 

and licensing of vehicles in the city and alleviation of dark spots as major components. Thus, ₹25 

crores are presumed to be further available for implementation of solar street lights and retrofitting. 

MNRE Schemes & Subsidies 

The Ministry of New and Renewable Energy (MNRE) is the nodal Ministry of the Government of 

India for all matters relating to new and renewable energy. The ministry also has provision for 
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funding and subsidizing renewable energy products through various schemes launched by it. One 

of them is Jawaharlal Nehru National Solar Mission (JNNSM).  

4.7.2 State Funds and Subsidies  

The total Budget Estimate for the Government of NCT of Delhi for the year 2014-15 is ₹36766 

crore37. Out of Non-plan expenditure, ₹260 crore has been allocated towards power subsidy to 

consumers20. Also, under the plan budget, ₹711 crore is allocated for providing essential services 

in unauthorized colonies and ₹3702 crore has been outlaid for the Transport Sector during 2014-

15. 

Some of the dark spots have been identified in unauthorized colonies during mapping process. 

Since ₹711 crore is allocated for providing essential services in unauthorized colonies, which will 

include provision of water supply line, sewage lines, storm water drainage, construction of public 

building and parks, solid waste management and electrification of street lights, one of these eight 

activities is street lighting. Thus, 12.5% (₹89 crores) can be assumed to be allocated for 

implementation of solar street lighting as well as retrofitting existing street lights with LEDs.  

Allocation to Members of Parliament of Delhi  

Seven MP’s of Delhi get an annual fund of ₹10 crores each on an average and each of them have 

39 wards under them which accounts to ₹0.26 crore per ward. If 30% of this amount is allocated 

for street lighting, then funds per ward for street lighting accounts to ₹0.08 crore. 

Allocation to Member of Legislative Assembly  

Accordingly 72 MLA’S of Delhi, they get ₹4 crores each and each of them have 4 wards under 

them which make ₹ 1.05 crores per ward. Similarly 30% of this amount makes ₹0.32 crores for 

street lighting. 

Allocation to Ward Councillors  

Delhi has 273 councillors, each having one ward under them with each councillor further getting 

₹1.5 crores as an annual fund. The various functions of a ward councillor involves to look after 

                                                
37 India Budget 2014-15, http://indiabudget.nic.in/FM_Speech_Delhi_Budget_2014_2015.pdf, accessed on 20 July 

2014 

http://indiabudget.nic.in/FM_Speech_Delhi_Budget_2014_2015.pdf
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water supply, hospitals, roads, over bridge, street lighting, drainage, solid waste, fire brigades, 

market places and records of births and deaths . 

Since there are ten different subjects among which funds are to be divided we can thus assume that 

10% can be allocated to street lights. The total amount stipulated to 273 ward councillors of Delhi 

is ₹409.50 crores and 10% of this amounts to ₹123 crores. 

It has been discussed on various occasions that functions and duties of MPs and MLAs are not 

defined or are ambiguous, whereas only power to them from laws for various subjects are 

mentioned38. Thus, we are assuming that to allocating the required budget from their allocated 

funds for street light renovations is within their power. 

MNRE Programme on “Development of Solar Cities”  

The Ministry of New and Renewable Energy has been implementing a programme on 

“Development of Solar Cities” under which a total of 60 cities and towns are proposed to be 

supported for development as “Solar or green cities“. At least one city in each State to a maximum 

of five cities in a State will be supported by the Ministry22. The criteria set by the Ministry for the 

identification of cities include a city having population between 50,000 to 50 lakh (with relaxation 

given to special category states including North-East States), initiatives and regulatory measures 

already taken along with a high level of commitment in promoting energy efficiency and renewable 

energy. As per the proposal received from various states, so far ₹21.23 crore has been sanctioned 

for preparation of master plans, solar city cells and promotional activities for 45 cities, out of which 

₹4.64 crore has been released, as mentioned by the minister39. 

Up to ₹50.00 Lakhs per city/town as given below depending upon population and initiatives 

decided to be taken by the City Council/Administration40:  

1) Up to ₹ 10.00 lakhs for preparation of a Master Plan within a year.  

2) Up to ₹ 10.00 lakh for oversight of implementation during five years.  

                                                
38 Times of India, http://timesofindia.indiatimes.com/india/MPs-MLAs-have-no-duties-and-

responsibilities/articleshow/7985796.cms, accessed on 2 August 2014 
39 http://www.thehindubusinessline.com/industry-and-economy/master-plan-finalised-to-develop-solar-

cities/article5447869.ece, accessed on 21 July 2014 
40 India solar cities program MNES; http://www.martinot.info/India_solar_cities_program_MNES.pdf; accessed on 
21 July 2014 

http://timesofindia.indiatimes.com/india/MPs-MLAs-have-no-duties-and-responsibilities/articleshow/7985796.cms
http://timesofindia.indiatimes.com/india/MPs-MLAs-have-no-duties-and-responsibilities/articleshow/7985796.cms
http://www.thehindubusinessline.com/industry-and-economy/master-plan-finalised-to-develop-solar-cities/article5447869.ece
http://www.thehindubusinessline.com/industry-and-economy/master-plan-finalised-to-develop-solar-cities/article5447869.ece
http://www.martinot.info/India_solar_cities_program_MNES.pdf
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3) Up to ₹10.00 lakh for setting up of Solar Cells and its functioning for a period of five years.  

4) Remaining amount of ₹20 lakh to be utilized in five years for other promotional activities. 

Since the whole of NDMC area is to be transformed into a solar city, up to ₹50 lakhs will be 

stipulated for the respective purpose. The electricity is consumed for various activities, which are 

domestic, office use, street lights and public spaces and commercial uses in NDMC area. Thus, 

20% (₹10 lakhs) might be utilized for standalone solar street lighting as recommended in this 

report. 

4.7.3 REMARKS 

There are various sources of funding, schemes and subsidies available which will help in 

successful implementation of stand-alone solar street lights in Delhi as well retrofitting existing 

conventional solar street light with LED or solar panels. The major finance options which can be 

selected are listed below. Through these sources, a total amount of ₹330 crores would be available, 

which can be used for solarisation and reforming existing street lighting systems (see Table 4.12).  

 

 

 

 

 

Table 4.12.  Various Sources and Percentage of Funds to be utilised for Reforming Street Lighting in 

NCTD41 

                                                
41 Author, National Institute of Urban Affairs, August 2014 
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Allocated

(in crores ₹)

Assumed

(in % )

Assumed

(in crores ₹)

Power Reforms 200 10% 2

Nirbhaya Fund 1000

Women and Child Development 300 0.5% 1.5

Safety for Women on Public Road Transport 50 50% 25

Sub Total 30% 0

MP 10 30% 3

MLA 288 30% 86

Councillor 409.5 30% 123

Housing & Urban Development 711 12.5% 89

MNRE Solar City 0.50 20% 0.10

Sub Total

Total 2969 24% 330

(unclear for 2014-15 budget)

State Budget

Union Budget
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Infographic 4.3: Various Sources of Funding 
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4.8 FINANCIAL PHASING 

In accordance with aim of the study and scope of the work, it has been argued that public spaces 

which are more frequently visited by people will be prioritized, which are namely, commercial 

spaces, residential areas, parks, playgrounds and transit stations. 

The section 5.7 of this report highlights possible availability of ₹330 crores for the financial year 

of 2014-15 expected from the union and state budgets. This signifies that every year similar amount 

of funds can be possibly made available for conversion of street lights of Delhi. 

This amount can be utilized to pilot a project for complete solarisation of street lights in the next 

ten years. For successful implementation of solar street lights on a city wide level, phasing is vital. 

It is recommended to have short term and long term phases for stand-alone solar street lights and 

retro-fitting of existing street light infrastructure in Delhi. 

4.8.1 Short Term 

Overall, there are two types of street lighting conditions reported by police stations. One, all the 

infrastructure is there and only either maintenance or replacement of bulbs is required. Whereas, 

the second type of street lighting condition is under complete darkness and even poles are non-

existent for further installing a fixture over it. 

Moreover, from the sample ground survey it was observed that some amount of luminescence 

(below acceptable standards) was present at dark spots with poles. Whereas, all the dark spots with 

no poles are pitched into darkness with zero visibility at night. Thus, it becomes crucial to address 

“dark spots with NO POLES” and they have to be given a precedence over other types of dark 

spots registered during the dark spot survey by Delhi Police.  

The installation of stand-alone solar street lights at various locations in Delhi for locations with no 

lighting infrastructure can be taken up as a long term goal of a period of five years. 

As established in section 3.5 of this report, there is a direct relation between crime stats and 

presence of dark spots in respective districts. This indicates the necessity for prioritising dark spots. 
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According to the analysis done in above chapters, the minimum amount required for solarisation 

of no-pole dark spots is found out to be ₹9.6 crores (approximately), which can be easily done 

from the expected available ₹330 crores. 

First of all it has been frequently observed that some lights keep burning at daytime. The balance 

amount (₹320.4 crores) should be utilized for fittings  LED to existing conventional street lights 

with sensors which will save approximately 3MW per year, which is equivalent to small capacity 

power plants in India. The details of the energy saved and pay back of retro-fitted lights with LED 

has been discussed in section 4.4 of this report. The cost of retro-fitting LEDs comes out to be 

₹24,000 and the LED solar retro-fit is ₹80,000 approximately (see section 614.4.2); which means 

that 40,050 can be retrofitted including O&M cost for a whole year. 

4.8.2 Long Term 

The budget for next six financial years can be used to retro-fit rest of the 487,612 street lights into 

LED with solar panels and sensors. 

The total amount required for converting these remaining 487,612 street lights, if the cost of 

retrofitting with solar LED remains ₹80,000 over the years, adds up to ₹3,900 crores 

approximately. Furthermore, if retro-fitting is done with LEDs & sensors is targeted, then the total 

funds required for all 527,662 street lights will be ₹1,267 crores (at ₹24,000 per retro-fit). 

4.9 INSTITUTIONAL & OPERATIONAL REFORMS FOR 

PARTICIPATORY MANAGEMENT OF STREET LIGHTING 

4.9.1 Stakeholder participation  

We can bring in institutionalization and active stakeholder participation to help in the monitoring 

of street lighting because this matter is closely linked to citizen’s safety. Suggested partnerships 

include: 

Partners with Delhi Police  

It is of foremost requirement to prepare a plan to ensure better cooperation among the citizens and 

the police, improving surveillance to counter crime and other adverse incidents. If the police take 

an initiative, then the people’s participation will surely increase.  
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Police & Authorities 

Police and college authorities must join together in ensuring the safety of students, especially for 

college girls. Streetlights must be present in abundance near the college gate, hostels and other 

such institutions. 

Police and RWA 

Resident welfare associations can work together with police for safety of the residents of their 

community. This is more likely to happen in gated communities as compared to low income 

residential areas where RWAs may not be active or may be completely absent. Some minimal 

price can be paid for example, ₹10/ward/month/SL as monitoring charges to each elected RWA 

for providing regular reports to the ward committees and counsellors. 

Police & Delhi Metro (DMRC)  

Police and Delhi Metro authorities can work together for the safety of commuters by maintaining 

the streetlights adjacent to metro station frequented by working men and women as well as 

students. Although SSLs may have limitations, they are better than conventional lighting systems 

in many ways because they are not dependent on grid-based power supply and can operate at all 

times. 
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CHAPTER  5. GAPS AND RECOMMENDATION 

5.1 GAPS IN ENUMERATION OF DARK SPOTS 

5.1.1 RTI for South West District  

South West Delhi is bounded by the districts of West Delhi to the north, Central Delhi to the 

northeast, New Delhi and South Delhi to the east, Gurgaon District of Haryana state to the south, 

and Jhajjar District of Haryana to the west. Rajbir Yadav from Chhawla Block Congress 

Committee is Alderman of South Delhi District of MCD. It is the second largest district after Outer 

District of the capital city with an area of 420 square kilometres42. According to the answer 

submitted to question number 1794 in the Rajya Sabha, South-West district had the highest number 

of dark spots (i.e. 277) in the year 2013. 

However, as stated earlier during RTI, no information was received from the SW district police 

station. Even though, our figure of ‘700’ dark spots does not include south west is validated by 

newspapers, it is bewildering to see how newspapers arrived at the figure ‘700’ (including south 

west data). For this reason, it can be suggest that a separate RTI be filed to the district again 

requesting for information on the locations and numbers of dark spots be forwarded to the 

concerned departments. 

5.2 TECHNIQUE FOR COLLECTING DARK SPOTS 

INFORMATION 

Within the limitations for this study, one activity in one district has been ground surveyed. The 

same thing has to be produced for all the activities in all districts, which can be taken up during 

further detailed examination of the status of dark spots in Delhi. This will help in presenting a 

comprehensive picture of the existing situation of street lights in Delhi. 

5.3 REPLICATION OF MODELS TO OTHER AREAS 

After thorough theoretical analysis of numbers, characteristics and location of Dark Spots in the 

capital, ten types of installation models are suggested for different commercial spaces, residential 

                                                
42 Wikipedia.org, http://en.wikipedia.org/wiki/South_West_Delhi, accessed on 28, may 2014 

http://en.wikipedia.org/wiki/South_West_Delhi
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areas, parks, playgrounds and transit stations. These models will vary from site to site depending 

upon various on-site factors such as: 

1) Height constraints 

2) Area to be illuminated 

3) Space constraints 

4) Safety and security of battery and other parts of SSL from theft and damage 

5) Feasibility and need for CCTV coupling 

6) Exposure to sunlight(for insolation) 

7) Cost of installation 

The analysis done in this study was exhaustive and was made workable to the maximum extent 

possible. However, all the analysis was based on theoretical facts and information extracted from 

RTIs. For this reason, it is advisable to carry out more focused and detailed study for development 

of models for each specific area. Thus, there is need to carry out a pilot project with comprehensive 

survey of the area before actually applying and realizing the results of this study. 

5.4 BLURRED OPERATIONAL GOVERNMENT SYSTEMS 

Exact system of street light functioning and monitoring is not clear. Figure 1.1 highlights existing 

gaps in operating and maintenance systems of government with DISCOMs.  

Also, it is not clear who is paying for the installation of street lights. Though MCDs are paying 

DISCOMs for electricity consumed by street lights in the city, but what standard operating 

procedure has been followed for releasing this monthly payment is still unclear to general public. 

5.4.1 The Argument 

Delhi’s woes of rising power tariff crisis, is not a recent phenomenon. The onus of providing 

electricity to the consumers and utilities was transferred from DVB to private DISCOMs in 2002. 

As with any privatization move, the general belief then was that due to improved competency and 

technical expertise the power distribution infrastructure would improve and thus the tariff rise will 

be brought under control.  
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The transfer of responsibility has yielded some good results such as reduction of Transmission and 

Distribution (T&D) losses, load shedding, and billing almost 100% of consumption improvement 

from 57% in 1998. But hitherto, the average domestic electricity tariff has grown from ₹1.37 per 

unit in 2002 to ₹5.87 per unit in 2013, an increase of 328 %43; and the retail tariffs have grown by 

around 64%. Quite recently, in 2013-14, DERC approved a 5% hike and an 8% surcharge for 

recovery of past dues. Power Purchase Cost Adjustment Charges (PPAC) hikes were granted 

separately for a quarterly recovery of fuel costs. 

The DISCOMs have asserted that the cost of buying power has increased by around 300%, from 

2002 to 2013. Since they have no control over this cost, they buy virtually all electricity from 

central and state government owned entities like National Thermal Power Corporation and 

Damodar Valley Corporation (DVC) through long term PPAs, at rates determined by the regulators 

such as DERC. Any difference in buying and selling prices is often compensated through 

government subsidies. 

Fossil fuels come with serious environmental and social implications, even if they are extracted in 

India. The rising cost of coal and shipping and deterioration of the Rupee v/s Dollar exchange rates 

has resulted in a real increase in tariff.  

Also, Delhi has Renewable Purchase Obligations (RPO) and has been declared as a laggard state 

as it has not met the required RPO percentage. Solar streetlights will help some percentage of RPO 

to be met. Delhi has declared a 0.25% of RPO target for 2014-15. 

The RWAs have been expressing their discontent on the rising electricity prices and demanding a 

hefty penalty on the DISCOMs for fleecing the consumers and auditing of accounts and power 

supplied to streetlights. They have also pointed out that the residual back flow from the streetlights 

which is connected to the same transformer is recorded in their meters44. 

                                                
43 http://www.downtoearth.org.in/content/lower-power-tariffs-can-be-reality-delhi, Sep 9, 2013 
44 http://timesofindia.indiatimes.com/city/delhi/Discom-accounts-fudgedaudit-needed-say-

RWAs/articleshow/38568574.cms 
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The unreliable operation and maintenance of the streetlights is another issue of concern, which is 

quite evident from the fact that street lights burn through the day but dark spots are menace at 

night. 

In 2013, Tata Power-DDL (TPDDL) threatened to cut power supply to streetlights over unpaid 

dues of around ₹45 crores, pointing North Delhi Municipal Corporation's failure to clear dues 

pending for about two years. The North Delhi Mayor refuted the claims saying the bills are highly 

inflated and miscalculated45. 

In a recent order, supply to the high-mast halogen lamps will be switched off during the night peak 

hours ranging from 10pm to 1am, to tackle the power crisis46. 

The decision to install stand-alone solar street lights will not only free the public lighting from the 

ever rising tariffs but also help each stakeholder reduce his/her burden while ensuring light. 

Citizens 

The people of the city especially women, children and elderly would feel more safe in presence of 

streetlights which work dependably. This would undoubtedly reduce the occurrence of crimes such 

as eve-teasing, motor vehicle theft etc. The stand-alone street lights will harness the energy from 

the sun instead of overburdening the grid infrastructure such as transformers. This will also make 

the citizens less vulnerable to load shedding. 

Municipality 

The municipality has been bearing the hefty electricity bill of the city’s public lighting. There have 

been cases of disputes between the DISCOMs and the utilities regarding the payment of these bills. 

The ever increasing tariff is only burdening their coffers further. 

DISCOMs 

The DISCOMs claim that the current tariff is far from allowing them to make any profits as the 

power purchase cost has been rising steadily. The stand-alone street lights will spare them of 

                                                
45 http://timesofindia.indiatimes.com/city/delhi/Discom-threatens-to-turn-off-streetlights-over-unpaid-

dues/articleshow/18759952.cms 
46 http://timesofindia.indiatimes.com/city/delhi/Power-cut-Mall-decision-okayed-but-no-street-lamp-

scary/articleshow/36271629.cms 
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making any further losses on providing infrastructure and regular electricity to these. They won’t 

have to switch them off to tackle the power crisis.  

Industry 

Projects such as these will act as pilots for gauging the feasibility of the technology in urban India. 

This will give an impetus to promotion of renewable technology industry in India. 

5.5 LACK OF THUMB RULE FOR EFFICIENT COVERAGE 

A standard for most of the street infrastructure has been worked in past decades. But during the 

study no specific standards on street lights was found. Only some studies give recommendations 

which have been utilized in this report. The type of standard that is required for can be ‘number of 

street lights per capita’ or ‘number of street lights per road length’ or ‘number of street lights per 

square hectare’.  An efficient system cannot be provided in absence of these standards which forms 

the crucial of all gaps. 

After detailed research some of the findings that can service to finding thumb rules for street lights 

are discussed. In case of street lighting, it may be surprising to know that there is a consistent 

inverse relationship between spending and the physical level of the service in the cities. The 

authors insist that the standards to be enforced should be more in the nature of actual service 

delivery and take into account factors such as fixation of lamps and their effective functioning, 

rather than mere installation of lamp posts. 

In Bangalore, for instance, the per capita spending on street lights by the BBMP (Bruhat Bengaluru 

Mahanagara Palika) amounts to ₹15 (in 1999-2000 prices) taking into account capital and O&M 

(Operation & Maintenance) expenditure, the book informs. “The Zakaria Committee specifies a 

norm of ₹482 per capita for attaining an acceptable level of street lighting in cities, while the 

Planning Commission specifies a norm of ₹345.15.” Taking into account the average road length 

of 3,500 km in BBMP, the authors compute that the annual average of 1,41,937 street lights 

translates into 40 per kilometre of road, or one street light for every 25 metres47.  

                                                
47Public service delivery in Indian cities (2010, Aug 28). Retrieved May 31, 2014, from The Hindu: 

http://www.thehindu.com/books/public-service-delivery-in-indian-cities/article593661.ece 
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According to Statistical Handbook of India (2011-2012), the total road length in Delhi is 31,969 

kilometres48. Also, the literature on transport planning gives a standard for spacing between two 

street lights. In general, the spacing should not exceed 55 meters, and should preferably be 35-45 

meters on important traffic routes49. As a rough guide, the spacing should be between 3 and 5 times 

the mounting height. Another service level guideline for India suggests that the minimum spacing 

should be 21 meters for top level of service. 

                                                
48 Statistical abstract of Delhi, www.delhi.gov.in, accessed on 08 July 2014 
49 Kadiyali; L.R., (2009) Traffic Engineering and Transport Planning, ISBN: 81-7409-220-X, p.493 
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CHAPTER  6. CONCLUSIONS 

It has been established by various studies that condition of street lighting is connected to safety of 

citizens. The ‘safe city project’ using CCTVs by Delhi Police can at best,  only serve in capturing 

crime scenes due to darkness, whereas the aim should be reduction in crime statistics and 

improvements in safety on roads and public spaces which can only be achieved through proper 

illumination of all the dark spots with efficient utilization of sustainable power. Three types of 

scenarios have been identified for streetlights of Delhi city; these are burning of street lights in day 

time, non-burning of street lights at night and non-existence of street light poles altogether. Power 

purchase costs are escalating, no efficient or standardised monitoring techniques are available and 

various issues have mushroomed to hamper efficient working of DISCOMs of Delhi. The only 

feasible solution can be looking at the sun for energy and completely taking street lights off the 

grid.  

Even though the capex involved is higher as compared to retro-fitting and LED replacements, the 

demand and supply gap of power is tremendous and cannot be met at any cost. This will keep on 

increasing, whereas stand-alone street lighting system is sustainable as: 

 It has a pay back of six years 

 It has a back-up power of approximately of 10-12 hours. Most solar street lighting systems 

are designed with 3 days autonomy, i.e., when charged fully, it can work for 3 days without 

fresh charging  

 Better colour rendering 

 Comes with intelligent sensors  

 Uses zero grid electricity 

It is recommended that for next five years, existing street lights be replaced with LED and the 

remaining deficits of street lights be met only with stand-alone solar street lights. Further, in ten 

years every street light should be retro-fitted with solar panels as well. Also, every street light 

should be fitted with sensors and in next ten years with smart chips that will send data to a central 

control unit on number of burning hours, duration of operation and wattage consumed per light, 

which would aid in achieving ever desired status of ‘sustainable smart city and lighted city’ for 

National Capital Territory of Delhi (NCTD). 

  



96 

 

ANNEXURE 

1. DATA COLLECTION 

After the infamous crime incident of December 16th 2012, the Delhi police were directed to 

identify all the dark spots in Delhi. This information on the number of dark spots in Delhi was 

provided by the Delhi Police in response to the RTIs filed by Greenpeace India. Two type of 

information were sought under the RTI:  

A. The Delhi police have been mapping dark spots in Delhi since the December 16th 2012 

incident. Please provide us with a complete list of the dark spots identified so far. 

B. Also, the Delhi police have started a Safe City project under which CCTV cameras are 

being installed in 3 phases in Delhi. In this regard, the RTI sought answers to the following 

questions: 

a) In which areas have CCTV already been installed under the Safe City project. Please 

provide a complete detailed list. 

b) In which areas will CCTV be installed under the Safe City project? Please provide a 

complete detailed list. 

The RTI replies were collected by NIUA from the 11 district Police stations. The police 

headquarters had forwarded the RTI application to the different districts which are further divided 

into 47 sub-divisions and a total of 164 police stations (see Map 2.2) from which the information 

was sought and collated by Delhi Police. 
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Figure 6.1. Methodology of Study and Data Collection 

Some districts out of the 11 districts of Delhi gave a detailed reply along with the number of dark 

spots, including their location and whether there are no street lights at all or the street lights were 
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non-functional. The data was compiled into excel sheets for calculations and further 

categorization. 

Also, some districts provided detailed information about CCTV installation. Information about the 

following points was available: 

1) Total numbers CCTVs installed  

2) The location of the CCTVs installed 

CCTVs were installed at various locations in the city under the campaign of ‘Save City Project’. 

A majority of these locations are in commercial areas.  

Thus, an inconsistency is seen among the 11 districts of the Delhi city in reporting of dark spots 

and availability and status of CCTVs.  
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2. LITERATURE STUDY TO DETERMINE THE LUX LEVEL 

REQUIRED 

 

Calculating wattage required for 8lx at 6m pole ht. 
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Relationship between Height of the pole and Lux level 
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3. STATUS OF DARK SPOTS AS PER RTIS 

This sample spread sheet compares the status of dark spots as extracted from RTIs to observations 

from the ground survey. It was found that certain spots mentioned as dark spots in the RTI had 

proper street lighting whereas some spots could not be found due to limitations like location of 

dark spots mentioned as a local name, incomplete address etc. Some new dark spots were also 

identified during the ground survey, which were not mentioned in the RTI reply.  

Annexure Table 3.1. Comparison between the RTI Reply and Ground Status of Dark Spots 

 

Note: ‘G’ stands for open spaces and ‘R’ stands for residential activity zone ‘dark’ means that 

dark spot was actually found to be dark ‘new’ means the spot was identified as a new dark spot 

during ground survey ‘present’ means light pole was present at the spot and it was not a dark spot 

To address these discrepancies a questionnaire was prepared with an objective to finding out and 

confirming the criteria used by Delhi Police to define and locate a dark spot. Below, are the 

pictorial survey used to in the study to define a dark spot. 

DCP, NORTH DISTT DARK SPOTS Ground

P.S. Civil Lines Location Number Status

1 ACP Civil Lines 4

1 PS Civil Lines MCD park near MCD office 1 G 2 dark

park near khyber pass 1 G dark

incidental park near MCD office new

2 PS Maurice Nagar

3 PS Timar Pur  DDA park mjnu ka tila 1 G 2 dark

a block chhatriwallah park nehru vihar 1 G dark

4 PS Burari

2 ACP Sarai Rohilla 1

1 PS Sarai Rohilla

2 PS Gulabi Bagh

3 PS Roop Nagar  Jagdish Nursery near Roshanara Club 1 G 1 dark

3 ACP Sadar Bazar 1

1 PS Sadar Bazar

2 PS Bara Hindu Rao

3 PS Subzi Mandi Nehru Park in front of PS Sabji Mandi 1 G 1 dark

4 ACP Kotwali 4

1 PS Kotwali  agrasein park bulward road 1 G dark

kaccha bagh 1 G present

Angoori Bagh 1 R not found

Parade ground 1 R present

2 PS Lahori Gate

3 PS Kashmere Gate

Total 10 8

1 CATEGORY SubTotal
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7. Kotwali – Agrasen Park Boulevard Road 

• No Poles 

• Adjacent to Kashmere Gate Metro Station 
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OUR DEFINITION OF DARKSPOTS 

AREAS with following characteristics: 

 Devoid of any street lighting facilities (No poles areas) 

 Pole present but not lighted 

 Illumination is not appropriate 

 50 Sq. Meters area of complete darkness 

 Criteria: based on ground survey/observations 

 Limitations: no standard method used by the police department for remuneration of dark 

spots. 
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A road in Dwarka 
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4. LIMITATIONS AND BARRIERS TO SOLAR STREET 

LIGHTING IN ALL PARTS OF DELHI 

There may not be enough solar insolation on the location selected for SSL. It may not be feasible 

to install a solar installation if enough sunlight does not fall upon the solar panel.  Proper sunlight 

must be available in order for these systems to work efficiently. 

With increase in the height of the pole, the cost also increases. This is a limitation to the feasibility 

of solar street lighting in areas which are obstructed by high rise buildings or tall trees. 

The participation of public in maintenance of solar panels is found to be very limited. Public must 

become active stakeholders in extending support to authorities responsible for street lighting in 

their locality. This will help in timely replacement of non-functional or damaged streetlights and 

increase awareness among people. Local people will become empowered to reclaim public spaces 

after dark. 

Vandalism of batteries leads to expenditure. In order to protect the battery from being stolen, 

separate enclosure or other arrangements need to be made to safeguard the battery. 

Time taken for repair may add to the cost. 

Waste disposal of solar panels not in use demands a proper system in place for safe disposal. 

People and manufacturers are responsible for this, adding to the barriers of solar installations. 

Last but not the least, lack of availability of accurate data and proper details of dark spots and 

CCTVs installed and monitored is a very big barrier especially in terms of insolation, direction 

and the required angle for harvesting maximum sunlight avoiding shadows. Authorities have to be 

aware that inadequate data will only hamper planning, implementation and increase costs and 

should therefore cooperate in the collection and collation of accurate data on dark spots. 

Further to this analysis, we can give a clear picture of the exact number of solar streetlights that 

can be procured for immediate installation if one or more Ward or MLA constituency in detail. 

Without actual ground reality of presence of dark spots without poles in Delhi we cannot be 

accurate about the exact number and type of solar installations required. As we have extrapolated 

data at certain steps, we must keep this limitation in consideration. The Government of India 
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launched the Jawaharlal Nehru National Solar Mission (JNNSM) on 11th January, 2010 with a 

target to install solar power generation capacity of 20 GW by 2022. It is administered by MNRE.  

This target is expected to be achieved through large-scale grid connected solar power projects and 

off-grid solar power projects. 

To promote off grid solar power applications, the mission has put forward a target of reaching 200 

MW by 2012-13, 1000 MW by 2017 and 2000 MW by 2022.  The detailed targets for solar 

installations are given below: 

Annexure Table 4.1. Targets for Off Grid and Grid Connected Solar PV Installation under 

JNNSM 

Sr. No. Application Segment Target 

Phase 1 (2012-13) Phase 2 (2013-17) Phase 3 (2017-22) 

1 Off grid solar 200 MW 1000 MW 2000 MW 

2 Grid connected solar 

including rooftop 

solar PV projects 

1100 MW 4000-10000 MW 20000 MW 

As of 31st May 2013, total 125 MW of installed capacity of off-grid solar projects was recorded 

in the country (see Annexure Figure 4.1.). 
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Annexure Figure 4.1. Off- Grid Solar PV Installation (Cumulative capacity in MW) 

The mission encourages off grid solar system with the focus on decentralized systems and hybrid 

systems to meet supplementary lighting and other energy requirements. MNRE is providing 

financial help to the off grid solar projects through its capital subsidy scheme. 

MNRE capital subsidy scheme 

The scheme provides partial subsidy and interest bearing loan to the project developer. Various 

off-grid solar PV systems up to a maximum capacity of 100 kWp (Kilowatt peak) per site are 

eligible for being covered under the scheme. The entire funding under this scheme is based on 

project basis. A detailed project report including client details, technical & financial details, O&M 

and monitoring arrangements has to be submitted to the ministry. The financial requirements of 

the project has to be funded through a mix of debt and incentives, where the promoters’ equity 

contribution would be at least 20%. If the project promoters follow all these applicability 

conditions, MNRE would provide financial support through a combination of 30 % subsidy and/or 

5% interest bearing loans to the eligible project. 

By March 2013, the benchmark price for photovoltaic systems with battery back-up support was 

₹200/- per Wp and ₹. 130/- per Wp for without storage battery. For this financial year i.e. 2013-

14, the benchmark price for PV systems with battery back-up support was ₹.170/- per Wp and ₹. 

90/- per Wp for without storage battery. These rates are for off grid solar power plant of total 

installed capacity from 10 KWp -100 KWp. 

The table below provides the revised bench mark costs applicable for year 2013-14: 
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Annexure Table 4.2. Revised bench mark costs applicable for year 2013-14 

Sr. 

No. 

SPV System Capacity Existing 

Benchmark cost 

(₹./Wp) 

Revised 

Benchmark 

cost(₹./Wp) 

1 Solar lighting System- street 

lights home lights, lanterns, 

Power packs (Multi use) 

CFL Up to 300 

Wp 

270 270 

2 LED Up to 300 

Wp 

270 450 

3* Solar Water Pumping System Up to 5 

kWp 

190 190 

4** SPV Power Plants (with battery 

bank having 6 hours autonomy) 

>300 Wp to 

1 Kwp 

240 190 

>1 kWp to 

10 kWp 

220 190 

>10 kWp to 

100 kWp 

200 170 

5 SPV Power Plants (Without 

Battery) 

Up to 100 

kWp 

160 100 
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>100kWp to 

500kWp 

130 90 

6 Micro Grid (DC) Up to 10 

kWp 

500 350 

7 Mini Grid >10 to 250 

kWp 

- 350 

8 Street Lights through SPV power 

Plant 

Up to 100 

kWp 

270 300 

The constant reduction due to similar subsidies and schemes in prices for photovoltaic systems 

with battery back-up, without storage battery and increase in installation capacity will also support 

by reducing capex as well as maintenance cost of solar street light systems. 

 

 




