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1. Abstract

The paper mainly deals with (i)  Low CAPEX   (ii) Low OPEX for deployment of solar Photovoltaic (SPV) panels as clean energy source of the rural telecom infrastructure having poor grid or no grid availability. Availability of adequate/reliable quality grid is major concern in rural areas of any developing country. In the absence of reliable grid, deployment of alternate power system impacts on Capital Expenditure (CAPEX) as well as Operational Expenditure (OPEX).This contribution paper provides methodology  based on the experience of the actual on site techniques adopted in Indian telecom network resulting in huge savings on operating expenses due to fuel savings of diesel gensets and to optimise and harvest maximum renewable energy from available solar panels in the rural areas having either no grid or poor grid. It has also discussed some methods to minimise the use of diesel genset, in case of inadequate grid availability  

2. Scope

The purpose of this contribution is to evolve a methodology / guideline to maximise the efficiency of solar energy sources and to enhance environment friendly energy production methods. The discussions are useful, if adopted, to reduce the OPEX to a great extent and CAPEX to some extent. The methodology described may be included in Guidance Handbook.
3. Challenges
One of the grand challenges of Telecom Infrastructure Planner is to strike a balance in capital expenditure involved in solar energy deployment and reduction in operational expenses.

4. Discussions:
4.1. CAPEX: 

With advancement in Solar Technology, the cost of solar panel is declining rapidly. Telecom Operators are roping in partners to invest capital for deployment and pass on the OPEX savings of fossil fuel to these partners. This is a win-win situation for both. However an analysis has been made on capital involved in solar powered BTS  vis-à-vis DG run BTS and the conclusion of the analysis (Table-1)  shows that cost of SPV system is 100 to 200 percent more but the benefit in OPEX will be huge over life cycle(20 to 25 years) of SPV power system. 
A comparative cost calculation is indicated below. 

	BTS Configuration
	SPV Capacity
	Cost  of  SPV system including charge controller (in INR)
	DG  Capacity
	Cost of DG Set
	Fuel Cost for 16 hrs. daily DGrun for 1 year


	Recovery Period of extra CAPEX of SPV system

	2+2+2 with 24 hrs. Back up
	10 KWp
	8,25,000
	10KVA
	3,50,000
	5,15,000
	12 Months

	2+2+2 with 48 hrs. Back up
	16KWp
	13,20,000
	19KVA
	6,65,000
	6,10,000
	13 Months

	2+2+2 with 72

Hrs. Back up
	24KWp
	19,80,000
	19KVA
	6,65,000
	6,10,000
	26 Months


Assumptions: Cost of SPV INR 75 per Wp, Cost of DG set INR 25 per VA, Load of BTS @48V is 9Amp, Diesel @INR 42 per litre, Dimensioning of SPV and Battery size will depend on solar insolation (irradiance) and availability of sun on site.
4.2. OPEX :

 Deploying SPV renewable energy source is one of the better methods to reduce the operating expenses.  However, once the system is deployed there are various factors which hinder the efficiency of the renewable energy system. Following methodologies may be required to avail the maximum power to further reduce the OPEX:
Methodology for improving efficiency and viability of solar photovoltaic renewable energy systems for telecom applications.

4.2.1. Parallel Wiring of SPV: The More Efficient New Approach:
Traditionally, the SPV modules (panels) are connected in series to get the desired level voltage to enable SPV charge controller to operate at an efficient level (DC-DC converter to provide 48V DC to load and 54-58V DC to charge batteries ). However, the charge controller is sensitive to operating voltage levels. It can suffer major swings in efficiency when the input voltage varies. The larger the variation, the harder it is for charge controller to operate at optimal efficiency. An efficient solution to overcome the major drop in efficiency of SPV output is to connect each SPV module in parallel.

The parallel wiring concept allows each module to be connected separately in parallel to a common DC bus bar. This is done by deploying a new generation, low-cost, high-efficiency micro charge controller driven by MPPT (Maximum Power Point Tracking) technology to each module separately and independently which allows each solar module to deliver a fixed DC output voltage (48 VDC to telecom equipment)  to a common DC bus bar. This DC power bus can be set to the single best point allowing the second stage DC-DC converter (for charging the batteries at appropriate voltage levels) to concentrate simply on optimizing its DC-to-DC conversion efficiency. This mechanism provides an effective transport of power where conversion efficiencies can be optimized.

The difference between parallel and series architecture for solar power system design is as simple as the difference between current and voltage. In a series system, the voltage of the module drives the design and therefore the economics of the installation. Parallel wiring lets the voltage be set as a constant, which allows the system to be driven by current. The overall generation of power is enhanced by more than 20% adopting parallel connected SPV vis-à-vis the SPV connected in series.
a. Advantages of parallel  connected SPV:
Less effected by shading effects: Just 10% shading of a solar array (due to falling leafs etc.) can lead to a 50% decline in efficiency and even total system shutdown, if connected in series. This loss can totally be avoided in parallel connected SPV. The chart, below, shows field results revealing how large, disproportionate power losses can be caused by a tiny amount of shading, in case of series connected SPV modules.
	% of Array shaded
	3%
	6.5%
	9%
	13%

	Power Loss due to shading
	25%
	44%
	54%
	44%


The cause of such disproportionate power loss lies in the way cells are connected within solar panels and the centralized form of performance optimization carried out by the array charge controller. Most solar arrays are made from panels connected in a series of parallel "strings." Each panel feeds a DC current into the charge controller, which converts it to 48 V DC while also optimizing the PV array's power generation through maximum power point tracking (MPPT). In turn, each panel is comprised of cells also connected in series. 

To prevent the whole string of cells failing when one cell underperforms the typical installation is equipped with "bypass diodes." These reroute the current around the underperforming cells. The catch is that rerouting the current loses not only the potential energy from these cells, but also lowers the entire string's voltage.

The difference in voltages from various panels causes harvesting of energy of the impaired string to drop to near zero. This loss can be compensated to a great extent if each parallel connected panel is provided a separate MPPT charge controller giving a fixed DC voltage output. 

b. SPV technology independence:

 In this parallel solar paradigm, the SPV technology (that is, thin film and crystalline) of the module no longer matters, because each module can produce the voltage level needed by for further conversion and  each module operates with complete independence from its neighbours. It allows SPV manufacturers to open the door for innovation for optimizing products in the market.

c. Module size independence:
The biggest advantage is that systems can be built using variable-sized blocks of modules ranging anything from 200 watts to 31,000 watts. SPV modules made by any manufacture of any size can be deployed at one site.

d. Installation flexibility:
 This enables installers to take complete advantage of all available space at an installation site. If the geometry or aesthetics of a project require multiple azimuth angles, different angles of tilt or shading it can be freely deployed. The solar power system can accommodate the architecture of the building, rather than requiring the building architecture to provide an ideal platform for the solar array. 

e. Simple planning and expansions:

Parallel solar design reduces the number of variables that need attention during solar power system design. Voltage is no longer a factor, so Voc overhead and temperature drift are no longer concerns. We are also freed from worry about the upper limit requirements of traditional charge controllers and its restrictions on the number of modules we can wire together. This simplifies the calculation of wiring loads. Depending upon the load requirements the expansions can be done any time by simply adding modules in parallel without any disturbance to existing setup. 

4.2.2. Cleaning of Solar Panel:
A dust layer of 4 grams per square meter can decrease solar power conversion by 40 percent.

To put this in perspective, dust deposition in Arizona (USA) is about 17 grams per square meter per month, and the situation is worse in many other solar-friendly sites, including the Middle East, Australia and India. 

Manual periodic cleaning (daily / weekly / monthly depending upon the weather conditions) is most economical in India compared to any technological cost.

However if manual labour is required to be substituted with automation then the solution is to coat solar cells with material producing dust-repelling electrical charges. The electrodynamics transparent screen is made by depositing a transparent, electrically sensitive material—indium tin oxide (ITO)—on glass or a clear plastic sheet covering the solar panels. When energized, the electrodes produce a travelling wave of electrostatic and dielectrophoretic forces that lift dust particles from the surface and transport them to the screen’s edges. It has been found that 90 percent of deposited dust can be removed by the transparent screen in fewer than 60 seconds. 

4.2.3. Tracking Solar Panels:
a. Manual Tracking of Solar Panel:
Auto tracking of sun is the ideal solution to harvest maximum efficiency however the economics does not encourage its deployment. As a compromise manual solar panel tracking to fit the seasons may be sufficient. 

To perform manual solar panel tracking, we need to adjust solar panels by hand. :    SPV Modules/panels/arrays are mounted on a specially designed galvanised angle iron support structure. It can have the provision for 3-dimensional manual adjustment for angle of tilt with horizontal in accordance with latitude of place of installation. The angle indication with reference to horizon can be marked on the structure itself and a month / season wise solar angle chart can be pasted therein to enable any laymen to adjust the tilt as per the chart. 
b. Auto Tracking of Solar Panel:
Most solar panel auto-tracking kits use light dependent resistors (LDR). These LDR find the brightest spot in the sky and follow it. That brightest spot should be the sun.

Unfortunately, the brightest spot in the sky can change constantly as the clouds move in and out. A solar panel tracking kit that uses an LDR tends to move constantly on a cloudy day, seeking a brighter spot. Solar panel tracking kits with LDR tracking are affected by the sun and rain also. UV irradiation makes them lose orientation. Sometimes they become “blind” and stop tracking completely.
Latest solar panel tracking kits have a tracking controller that eliminates the need for an LDR. These kits use electronic timers that let the solar panel array track the sun according to the time of day.

Each day, such trackers follow the sun across the sky in 6 steps. At night, they “park” in a horizontal position. The 6 daytime steps they take are calculated by a small on-board computer. They depend on hours of daylight. The computer takes a small amount of power from the solar panels, but the solar panel tracking kit maximizes the amount of power produced. The loss is negligible.
4.2.4. Intelligent charge controllers:
a. Conversion Efficiency:
The charge controller is the backbone of the system to utilize the solar energy generated from solar cells for the load. However, when the question of efficiency of charge controllers come it is generally given much less attentions than the efficiency of  solar cells, just because it constitutes only around 10 % of the total system cost. However 1% efficiency loss is is equal to heavy loss of money invested in Solar Panel. Thus an electronic device required to convert solar energy into 48 V DC for load or 54/58 VDC for charging the battery cannot be expected to have conversion efficiency less than 95 %. 

This much level of efficiency can be  achieved by deploying parallel wiring of SPV modules, with each module having separate MPPT Controller ( with > 99% MPPT logic efficiency) along with highly  efficiency DC-DC convertor to deliver a fixed output voltage at an overall conversion efficiency of >95% in all working conditions.

b. Priority and full utilization of solar energy:
The intelligent charge controller should have following the functional requirements:

During sunny time: The SPV power shall be fully utilized for the load and rest of the excess power shall be used for charging the batteries. However, this excess power may not be sufficient to charge the batteries alone, in that case the balance required power shall be used from the  grid supply through A/C – DC rectifier (SMPS based power plant). The charge controller is required to be intelligent enough to ensure that all the solar energy produced is utilized in full. For this purposes the intelligent charge controller is required to regulate the output voltage of SMPS based rectifies and /or of Solar.

Pulse Charging: When the batteries are fully discharged and there is no grid supply but only solar supply is available, in that case the intelligent charge controller should be able to provide Pulse Charging to batteries to fully utilize the excess available solar power.

Boost charging: The intelligent charge controller should be capable of providing boost charge to batteries when batteries are fully discharged and grid supply is available or sufficient solar supply is available.

During peak sunny time: It may so happen that batteries are fully charged and yet there is excess power available from solar after meeting the requirement of load. In that case this excess energy is wasted as it has no place to be consumed. To avoid this wastage, the intelligent charge controller should ensure that batteries are never fully charged through grid and shall remain some  percentageof capacity uncharged which shall be charged by using the excess power from solar. The exact % or voltage level at which the charging from Grid is to be stopped shall be worked out locally depending upon  capacity of solar system installed and the time duration for which excess power is available from solar systems.

In case the batteries are fully charged the intelligent charge controller should ensure that the output voltage from solar cell is brought down to float voltage so that there is no overcharging / heating to the batteries. 

During night time:  In the absence of sunlight, the power from  grid through A/C – DC rectifier ( SMPS based power plant ) shall be used feed the load and / or to charge the batteries. 

In the absence grid supply the batteries shall be used to feed the load.

In the absence of sunlight and grid supply  and also when the battery capacity falls below 80% depth discharge, the DG set(if planned/available) shall be used to feed load only (excluding batteries) through SMPS based power plant. The batteries may wait for charging till the  solar/grid supply is available.

5. How the DG sets can be dispensed with, are deliberated below:

5.1. Where Grid Supply availability is 4-6 hrs a day:
a. The SPV system with Battery should have a minimum back up of 24 hrs.

b. The Battery can be fully charged in 3.3 hrs time.

c. Accordingly the SMPS power plant should have the capacity to charge the battery in 3-4 hrs time @ 0.3C (30 % of AH capacity of Battery).
5.2. Where Grid Supply availability is < 3 hrs a day:
a. The SPV System with Battery backup of 48-72 hrs.

b. In one hour the battery can be charged to around 30 % of capacity.

c. Priority of power utilization as explained in 4.2.4.b may be adopted. 
5.3. Where there is no grid supply:
a. The SPV systems with backup of 72hrsor more may be installed, according to sun availability.

b. Higher capacity SPV may be planned for remote stations with  land / space not an issue. 
6. Summary

6.1. For scenarios in rural areas where grid supply is not available for more than 18-20 hours, SPV instead of DG set can return investment within one to three years. SPV without DG set should be recommended as a clean energy and cost effective solutions.

6.2. SPVs with parallel wiring with individual MPPT charge controller can improve clean energy generation efficiency up to 20% more and may be helpful to further reduce electricity/diesel bill.

6.3. Improvement in efficiency brought by parallel wiring may also reduce requirements of sizing of batteries as state of charge of batteries will improve.

6.4. The BTS has to be outdoor type which does not require Air-conditioning.

6.5. HigherCAPEX inSPV, Battery and Power Plants systems may be preferable than high OPEX DG based systems.

6.6. Very low power BTSs in the range of 37 W to 70 W per TRX are available now, which are best suited for rural areas with SPV systems. Coverage of these TRX goes 3 to 6 Km as per clutter/vegetation @40W output

6.7. SPV with high-efficiency micro charge controller driven by MPPT technology with each module separately and all modules connected in Parallel may be deployed to get highest power generation.
7. Proposal

It is proposed that the methodology explained in this contribution paper and summary may be included in a Guidelines Hand Book.

